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ERRATA. 
[Annnal  Report  of  tbo  Chief  of  Engineers  for  1876,  Part  I,  Appendix  F.l 

Page  284,  line  2,  strike  out " of  and  insert "  at." 

Page  292,  line  20,  strike  out  '*  our  *'  and  insert  "  an.'' 

Page  293,  line  20,  strike  oat  "  no"  and  insert "  an." 

Page  295,  line  27  from  bottom,  strike  out  "  15"  and  insert  <^50." 

Page  296,  table  of  characteristics,  fourth  colamn,  strike  out "  1^011"  and  insert  **  11,01 1.'' 

Page  296,  table  of  characteristics,  fourth  column,  strike  out  **  6,226"  and  insert "  622.6." 

a  a 

Page  296,  table  of  characteristicS|  first  column,  strike  out '  W^"  and  insert  "wXi,." 

Page  296,  table  of  characteristics,  second  column,  strike  out "  606  "  and  insert  **  3,606." 

Page  296,  formula,  3  lines  below  table,  in  denominator  of  last  term,  strike  out  "Ixp" 
and  ins  rt  "  1  +!'•"  *  ' 

Page  296, 5  lines  below  table,  strike  out  *•})"  and  insert  **  A." 

Page  296, 6  lines  below  table,  strike  out  '^ p"  and  insert  "  h," 

Page  297,  line  6,  strike  out  '*  Farrae's  "  and  insert ''  Farrar's." 

Page  297,  line  23,  formula,  strike  out  minus  sign  in  numerator,  so  as  to  read, 
-h    -r-y  sin  30^,, 

Page   297,    line   49,   formula,  strike  out    **  v "    and    insert    *^  r,"  so    as  to  read, 

^~  V  -^^        )' 

Page  29S, line  16  from  table,  strike  out  "just"  and  insert  "  first." 

Page  300,  line  34,  after  "  when  "  insert  "  first." 

Page  315,  line  31, strike  out  "Juncture"  and  insert  "junction." 

Page  316,  line  41,  strike  out  "  closing"  and  insert  "  clearing." 

Page  322,  line  26,  strike  out  "  of"  and  insert  "  for." 

Page  323,  line  32, strike  ont  "  probable"  and  insert  "  favorable.^' 

Page  325,  line  16,  after  **  in"  insert  "  September." 
•    Page  325,  line  21,  strike  out  "  Zeke's  "  and  insert  "  Smith's." 

Page  326.  line  3lj,  after  "  the"  insert  "  line  of." 

Page  326,  line  55,  afcer  "  mark"  insert :  "As  it  was,  eight  cribs,  constituting  160  feet 
of  work,  sdttled  so  much  that  the  expedient  of  sinking  top-cribs  upon  them  nad  to  be 
rojorted  to.    This  settling  was  checked  by  sinking  large  quantities  of  brush,  loaded 
with  stone,  on  the  sides,  at  the  end,  and  in  the  spaces  between  the  cribs,  (where  anv 
existed,)  and  finally  the  settling  ceased,  and  the  whole  500  feet  remained  intact.    Tbe> 
beach  at  Federal  Point  followed  out  quite  rapidly  on  each  side  of  the  jetty,  and  on  the* 
completion  of  the  500  feet  at  least  one-third  of  the  work  was  covered  to  high-water 
mark." 

Page  C27,  line  46,  inclose  in  parenthesis  the  following  sentence :  "  the  steam  for  the- 
same  being  supplied  by  the  boiler  of  the  steamer." 

Page  ;}27,  line  46,  after  "  steamer"  and  parenthetical  sign  insert :  "  with  connecting 
siction  and  discharge  pipes.  Sand-bius  were  constructed  upon  the  main  deck  of  the 
steamer."  The  whole  (including  line  46)  to  read:  "(the  steam  for  the  same  being  snp- 
plied  by  the  boiler  of  the  steamer,)  with  connecting  suction  and  discharge  pipes.  Sand- 
bins  were  constructed  npon  the  main  deck  of  the  steamer." 

Page  :i27,  line  61,  strike  out "  have  "  and  insert  "  had." 

Page  325,  lines  33  and  34,  strike  out  "naturally  "  and  insert "  mutually." 


P.ige  329,  lino  38,  after  "  used  "  insert :  "  Bidders  were  to  be  allowed  much  latitude) 
io  their  proposala*  and  were  invited  to  propose  the  class  of  material  to  be  used." 
Vaop  i«0,  Jiiie  61,  after  "  of"  insert  "  this." 
Fa'^e  331,  lino  14,  strike  out  "  quantities  "  and  insert  "  quantity." 


surveys.  Five  of  the  series  of  detailed  charts  of  the  lakes  have  been 
completed  daring  the  year,  and  eight  charts  have  been  printed  and  dis- 
tributed in  aid  of  the  great  commerce  of  those  waters. 

Two  volumes  of  the  report  of  the  geological  exploration  of  the  for- 
tieth parallel  have  previously  been  published  and  distributed,  and  the 
remaining  volumes  are  now  ready  for  the  Public  Printer,  together  with 
copies  of  the  atlas  sheets  and  other  illustrations. 

In  the  engineer  survey  of  the  Territories  west  of  the  one  hundredth 
meridian,  progress  has  been  made  in  Colorado,  California,  Nevada,  Nei?r 
Mexico,  and  Arizona.    Of  the  report,  volumes  III  and  V  and  part  of  vol- 
ume IV  have  already  been  printed.    Volume  II  and  the  second  part  of 
volume  IV  are  now  ready  for  the  Printer,  and  the  others  are  in  an  ad- 
vanced state  of  preparation.    Seven  topographical  maps,  representing' 
about  17,000  square  miles  each,  and  six  geological  sheets  have  been 
published.    The  examination  of  the  river  Colorado,  with  the  design  of 
determining  the  feasibility  of  its  diversion  for  purposes  of  irrigation, 
has  been  completed,  and  the  report  thereof  will  be  found  in  the  report 
of  the  Chief  of  Engineers.    It  is  hoped  that  Congress  will  recognize  the 
desirability  of  a  regular  progress  of  this  very  useful  survey,  and  will 
provide  ample  appropriations  for  that  purpose. 

Ko  little  embarrassment  has  been  caused  during  the  current  year  bj 
the  failure  of  the  appropriation  for  surveys  by  the  engineer  officers 
stationed  at  headquarters  of  the  various  military  divisions  and  depart- 
ments. These  officers  collect  geographical  and  other  information  in  their 
own  reconnaissances  and  those  of  line  officers  on  scouts  and  campaigns, 
and  have  at  very  little  expense  produced  reports  and  maps  of  the 
highest  utility,  not  only  to  the  commanding  generals,  but  to  the  public 
at  large.  This  work  is  now  entirely  stopped  by  the  failure  of  the  ap- 
propriation and  the  consequent  discharge  of  draughtsmen  and  other 
persond  employed.  Unless  further  appropriation  is  made  a  large  mass 
of  valuable  material  in  the  form  of  notes  and  sketches,  now  ready  to  be 
incorporated  into  reports  and  maps,  must  remain  in  its  present  useless 
form.  It  is  urgently  hoped  that  the  estimate  for  this  work  will  receive 
favorable  attention  from  Congress. 
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Office  of  the  Chief  of  Engineers, 
VfofihingUm^  D.  C,  October  21,  1876. 

Sib  :  I  have  the  houor  to  present  for  your  information  the  following 
report,  upon  the  dnties  and  operations  in  the  Engineer  Department, 
daring  the  fiscal  year  ending  June  30, 1876 : 

officers  of  the  corps  of  engineers. 

The  number  of  officers  holding  commissions  in  the  Corps  of  Engineers, 
United  States  Army,  at  the  end  of  the  fiscal  year,  was  107  on  the 
active-list,  and  5  on  the  retired-list ;  the  latter,  however,  under  the  law 
of  January  21,  1870,  not  being  available  for  duty.  In  the  duties 
devolving  upon  the  corps  by  law,  and  its  organization,  the  employment 
of  a  number  of  scientists  and  assistant  engineers  has  been  necessary. 

The  only  change  in  the  officers  of  the  corps  since  my  last  report,  is 
the  resignation  of  Capt.  Asa  H.Holgate,  December  9, 1875. 

On  the  30th  of  June,  1876,  the  officers  were  distributed  as  follows : 

Od  duty,  office  of  the  Chief  of  EnglDeers,  incladinp;  chief 4 

On  dn ty,  projection  and  construction  of  fortifications 7 

On  daty,  construction  of  fortifications  and  light-house  duty 2 

On  duty,  construction  of  fortifications,  and  river  and  harbor  works,  and  surveys 

for  same .•• 18 

On  duty,  construction  of  fortifications  and  river  and  harbor  works  and  ilgiit-nou»e 

duty,  and  surveys  for  same \. 4 

On  duty,  construction  of  river  and  harbor  works,  and  surveys  for  same lo 

On  duty,  construction  of  river  and  harbor  works  and  light-house  duty,  and  surveys 

for  same 5 

On  duty,  sur^'-ey  of  northern  and  northwestern  lakes 7 

On  duty,  explorations  of  country  west  of  one  hundredth  meridian 3 

On  duty  with  battalion  of  engineers 14 

On  duty,  public  buildings  and  grounds,  District  of  Columbia 1 

On  duty  under  Board  of  United  States  Executive  Departments,  collecting  and 
arranging  articles  pertaining  to  Engineer  Department  for  the  International 

Exhibition,  1876 2 

On  sick-leave  .-.-- 1 

Detached  on  duty  with  the  Secretary  of  War,  the  General  of  the  Army,  generals 
commanding  divisions  and  departments,  light-house  establishment,  Military 
Academy,  snrvey  of  northern  boundary-line  under  Department  of  State,  and  the 

Boardof  Commisaioners  of  the  District  of  Columbia 23 

Awaiting  orders - 1 

Total 107 
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The  officers  detached  were  on  duty  as  follows : 

Col.  I.  C.  Woodruflf,  engiDeer  third  light-house  district 

Lieut.  Col.  William  F.  Raynolds,  engineer  fourth  light-house  district 

Lieut.  Col.  R.  S.  Williamson,  engineeer  twelfth  light-house  district 

Maj.  O.  M.  Poe,  on  staff  of  the  General  of  the  Army 

Maj.  F.  Harwood,  engineer  fifth  light-house  district 

Maj.  P.  C.  Hains,  engineer-secretary  to  the  Light-Honse  Board 

Maj.  G.  L.  Gillespie,  on  staff  of  Lieutenaut-Geueral  commanding  Military  Division 
of  the  Missouri 

Capt.  William  A.  Jones,  engineer  sixth  light-house  district 

Capt.  William  S.  Stanton,  on  staff  of  commanding  general  Department  of  Platte.. 

First  Lieut*  E.  H.  Ruffuer,  on  staff  of  commanding  general  Department  of  the 
Missouri 

First  Lieut.  J.  C.  Mallery,  on  staff  of  major-general  commanding  Military  Division 
of  the  Pacific 

First  Lieut.  Edward  Maguire,  on  staff  of  commanding  general  Department  of 
Dakota 

First  Lieut.  R.  L.  Hoxie,  chief  engineer  of  the  District  of  Columbia,  under  the 
direction  of  the  board  of  Commissioners 

First  Lieut.  F.  V.  Greene,  on  duty  in  the  office  of  the  Secretary  of  War 

Capts.  William  J.  Twining  and  J.  F.  Gregory,  on  duty  under  Department  of  Stat«, 
upon  joini  commission  for  the  survey  of  the  boundary-line  along  the  forty-ninth 
parallel 2 

Cap'ts.  C.  W.  Raymond,  A.  M.  Miller,  T.  H.  Handburv ;  First.  Lieuts.  J.  G.  D. 
Knight,  8.  E.  Tillman,  C.  F.  Palfrey,  and  William  H.  Bixby,  on  duty  at  the  Mil- 
itary Academy 7 

Total 23 

The  following  principal  geologist  and  civil  engineer  were  employed 
on  the  30th  of  June :  Clarence  King,  geologist,  in  charge  of  geological 
exploration  of  the  fortieth  parallel ;  and  S.  Thayer  Abert,  in  charge  of 
river  and  harbor  imi)rovements  on  Potomac  Kiver  and  Chesapeake  Bay. 

SEA-COAST   AND    LAKE-FRONTIER   DEFENSES. 

During  the  past  year  the  work  upon  our  sea-coast  defenses  has  pro- 
gressed as  rapidly  as  good  workmanship  and  the  amount  of  the  appro- 
priations granted  would  permit. 

The  close  of  the  late  civil  war  found  the  naval  armaments  of  maritime 
nations  provided  with  new  and  powerful  devices,  which  they  had  not 
possessed  prior  to  the  experiences  of  that  conflict. 

Iron-plated  ships,  invulnerable  to  shells,  propelled  by  powerful  engines, 
armed  with  rifled  ordnance  of  large  calibers,  and  capable  of  navigating 
the  ocean,  were  the  outgrowth  of  the  period  of  our  late  civil  war. 

The  sea-coa^t  works  of  that  day,  for  defense  against  and  resistance  to 
naval  armaments,  had  been  proportioned  and  constructed  for  armaments 
of  much  less  weight  and  power  than  those  now  in  existence — and  the 
safety  of  our  commercial  cities,  navy-yards,  and  war  dei)Ots  required 
that  the  sea-coast  defenses  existing  in  1865-'C6  should  be  materially 
strengthened  by  the  enlargement  in  some  cases  of  their  parts,  the  addi- 
tion of  other  works,  the  adoption  of  some  new  appliances,  and  the  intro- 
duction of  heavier  armaments. 

After  a  careful  study  of  the  subject  by  the  Corps  of  Engineers,  and 
with  the  light  afforded  by  the  experience  of  actual  conflict  between  sea- 
coast  defenses  and  the  new  naval  armaments,  the  system  to  govern  the 
future  construction  of  our  works  was  elaborated  in  1869,  and  will  be  found 
stated  in  detail  in  Executive  Document  Ko.  271,  House  of  Representa- 
tives, Forty -first  Congress,  second  session,  where  it  will  be  seen  the  system 
received  the  approval  of  the  General  of  the  Army  and  the  Secretary  of 
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War,  and  since  then  has  been  repeatedly  endorsed  by  the  action  of 
Congress. 

The  main  features  of  this  system  are  the  nse  of  heavy  earthen  barbette 
batteries,  with  parados  and  traverses,  of  heavy  mortar- batteries,  and  of 
obstractions  in  the  channels,  (mainly  electrical  torpedoes,)  to  hold  vessels 
from  ranning  past  the  batteries  and  reaching  the  cities  or  depots  be- 
yond them. 

Works  of  this  character  have  been  steadily  progressing  since  1869, 
and  in  many  of  our  harbors  are  well  advanced  towards  completion,  bat 
in  none  of  the  harbors  are  these  alterations  finished,  while  in  some  of  onr 
important  harbors  along  the  Onlf-coast  the  works  are  scarcely  com- 
menced. 

Regarding  the  pressing  necessity  for  the  completion  of  the  works  in 
advance  of  hostilities,  I  beg  leave  to  quote  from  my  remarks  of  last  win- 
ter to  the  Military  Committee  of  the  House  ot  Representatives,  con- 
tained in  report  Ko.  354,  House  of  Representatives,  Forty-fourth  Con- 
gress, first  session,  pages  179  and  180  : 

In  the  event  of  war  with  a  maritime  nation,  if  we  had  no  well-digested  system  of  sea- 
coast  defense  ready  for  nse,  tbe  cruisers  and  war- vessels  of  the  enemy  could  run  into 
our  harbors,  and  without  landing  could  either  destroy  the  property  along  the  shores 
or  else  lay  the  people  under  contribution.  The  accurate  detailed  charts  of  onr 
harbors  and  channels,  pablished  by  the  United  States  Coast  Survey,  are  accessible  to 
all  such  nations,  and  are  doubtless  in  their  possession.  If  the  enemy  possesses  depots 
and  arsenals  in  close  proximity  to  our  shores,  the  arrival  of  such  armed  vessels  will  fol- 
low in  a  few  hours  after  the  declaration  of  war.  Thirty -six  hours'  steaming  could 
bring  vessels  from  Halifax;  six  hours,  vessels  from  Havana,  aud  ninety-six  hours,  ves- 
sels from  Victoria,  Vancouver's  Island,  to  important  harbors  of  tbe  United  States. 
There  might  be  very  little  time  for  preparation  to  meet  the  assaults  of  iron-plated 
ships,  for  they  are  plated  with  from  6  to  15  inches  of  iron,  and  carry  rifled  guos  from 
9  inches  to  14  inches  bore,  all  of  which  ^nns  are  more  powerful  than  any  gun  we  have 
m  onr  service.  With  a  fleet  or  even  a  single  vessel  of  this  kind  in  one  of  onr  harbors 
it  would  be  of  no  avail  to  collect  troops  in  the  city  or  town  threatened.  Suppose  with 
onr  railroad  facilities  we  could  concentrate  100,000  men  in  twenty -four  hours  at  the 
point  threatened,  of  what  use  would  they  be  against  the  armored  ship  T  Suppose  that 
in  a  night  the  men  concentrated  could  throw  up  earthworks  and  mount  32-ponnders, 
4i-ponnder8,  lOU-pounder  rifles,  (even  if  it  were  possible  to  handle  gnus  of  this  small 
size  with  the  rapidity  assumed,)  what  injury  could  all  this  do  to  the  armored  ship  in 
question  f  The  projectiles  from  such  ba.teries  would  fall  harmlessly  from  the  side  of 
the  enemy.  While  lying,  if  need  be,  beyond  the  range,  even,  of  our  guns,  with  ht^ 
more  powerful  armaments  he  would  pierce  such  parapets  through  and  through,  dis- 
mount the  guns,  and  explode  such  magazines. 

But  it  may  be  said  that  we  would  mount  guns  as  powerful  and  even  more  powerful 
than  those  of  the  enemy.  Doubtless  this  would  be  done,  iirst,  if  we  had  such  guns  in 
our  service,  and,  second,  if  we  had  the  time. 

Our  largest  gnn,  of  which  we  have  any  number,  is  a  15-inch  smooth-bore,  and  weighs 
over  *£>  tons.  We  have  about  325  of  them  for  our  entire  coasts  of  12,600  miles,  exclu- 
sive of  Alaska,  and  beyond  a  range  of  1,200  yards  it  is  a  less  powerful  gun  than  the  9- 
inch  rifle  of  12  tons.  The  10-inch  rifle  weighs  18  tons,  the  11-inch  25  tons,  the  12-inch 
Xy  tons,  and  the  14- inch  81  tons,  and  these  guns  are  immeasurably  superior  to  onr  15- 
inch  smooth-bore.  They  are  the  kinds  of  gnns  we  must  mount  in  batteries  against  the 
iron-plated  vessels.  But  their  great  weight  and  size  require  corresponding  dimensions 
in  the  batteries  in  which  they  are  placed  and  in  the  strength  and  solidity  of  the  plat- 
forms npon  which  they  are  mounted.  The  parapets  and  traverses  of  earth  and  sand  to 
protect  them  most  be  three  and  even  four  times  as  thick  and  massive  as  they  were 
formerly  built  to  resist  the  armaments  of  fifteen  years  ago.  Where  the  parapets  of 
earth  were  bat  10  feet  in  thickness,  now  they  must  be  40  feet.  Gnns  that  were  for- 
merly dragged  with  ease  by  fifteen  or  twenty  men  and  placed  in  position  over  night 
are  now  supplanted  by  armaments  of  such  huge  masses  that  special  mechanical  appli- 
ances are  reqaired  to  move  them  even  slowly,  and  cannot  be  lifted  upon  their  supports 
wtthoot  tbe  aid  of  hydraulic  power.  No  matter  how  many  men  may  be  at  our  disposal, 
the  time  recjnired  to  place  the  modem  armaments  in  position  is  vastly  greater  than  for 
the  gnns  of  fifteen  years  a^o  ;  and  before  such  works  could  be  improvised  in  a  harbor  the 
eoemy  in  his  iron-clads  will  have  accomplished  all  he  desired  and  have  sailed  or  steamed 
for  some  other  harbor  to  repeat  the  injuries  of  the  first.  But  suppose  the  harbor  in 
qaestion  was  on  the  New  England  coast,  and  the  season  of  the  year  the  winter^  when 
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the  ground  is  frozen  bard,  then  the  erection  of  efficient  earthen  batteries  wonld  be  out 
of  the  question ;  or  suppose  the  harbor  was  on  the  Gulf-coast,  and  the  season  the  fail 
of  the  year,  when  only  the  acclimated  could  resist  the  effects  of  the  malarial  shores, 
under  such  circumstances  the  erection  of  efficient  batteries  would  be  exceedingly  diffi- 
cult. 

Our  country  is  contiguous  throughout  its  northern  boundary  with  the  most  power- 
ful maritime  power  of  the  earth,  aud  close  upon  our  southern  shores  is  another,  whose 
strength  is  not  to  be  despised.  These  are  tiie  nations  with  whom  complications  are 
most  likely  to  arise. 

Many  of  our  works  are  in  an  unfinished,  transition  state;  our  supplies  of* torpedo 
materials  are  insufficient ;  the  caliber  and  force  of  our  guns  are  too  small,  aud  under 
these  circumstances  I  must  reiterate,  the  work  on  our  sea-coast  fortifications  should 
not  be  suspended. 

Kepeating  these  views,  and  impressed  by  the  importance  of  the  sub- 
ject, involving,  as  it  does,  such  great  national  interests,  I  again  urge  the 
preparation  of  our  harbors  for  successful  resistance  against  the  incur- 
sions of  the  powerful  iron-clads  of  the  present  day. 

For  detailed  report  upon  the  several  works  of  fortification,  I  beg 
Jeave  to  refer  to  the  synopsis  of  reports  of  the  several  officers  in  charge. 
The  estimates  for  the  works  have  been  carefully  revised  by  me  and  are 
earnestly  recommended. 

Special  attention  is  asked  to  the  estimate  of  $150,000  for  torpedoes. 
This  most  valuable  invention  of  modem  warfare  is  used  to  form  an  ob- 
struction and  obstacle  to  the  entrance  of  our  harbors,  and  to  hold  the 
enemy's  vessels  under  the  fire  of  the  shore  batteries.  The  charges  in 
the  torpedoes  are  fired  by  the  electric  current,  and  many  parts  of  the 
system  cannot  be  obtained  in  an  emergency.  It  is  to  procure  and  store 
such  portions  of  the  apparatus  as  cannot  be  speedily  obtained  in  the 
event  of  sudden  hostilities  that  the  appropriation  is  asked. 

FORTIFICATIONS. 

Fort  '^^ayne^  Michigan^  in  charge  of  Lieut,  Col.  C.  E,  Blunt^  Corps 
of  Engineers. — This  work  commands  the  channel  of  Detroit  River,  aud 
with  its  exterior  barbette  batteries  already  planned,  will  control  the 
navigation  of  that  stream. 

The  brick  scarps  of  this  work  need  extensive  pointing  and  repairs, 
the  latter  made  necessary  by  insufficient  drainage.  These  matters  have 
not  been  taken  in  hand  for  want  of  funds,  nor  can  they  be  this  season 
for  the  same  reasor. 

The  rebuilding  of  the  fences  around  the  reservation,  and  the  regrad- 
ing  of  the  grounds  along  a  part  of  the  boundary-line,  were  reported  last 
year  as  half  finished  and  in  progress.  This  work  was  completed  in  Au- 
gust, 1875,  at  a  cost  of  82,011.28  allotted  from  the  appropriation  for 
contingencies  of  fortifications.  Xo  preparations  have  been  made  or  are 
intended  for  any  change  in  the  armament  of  the  work. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Porter^  Black  EocJc,  near  Bvffalo,  jS\  T.,  in  charge  of  Lieut.  Col. 
C.  E.  Blunt,  Corps  of  Engineers. — This  work  occupies  an  important 
strategic  point  for  the  defense  of  the  northern  frontier.  It  remains  the 
same  as  last  reported,  except  additional  adornment  of  the  grounds  by 
the  city  of  Buffalo,  under  act  of  Congress  approved  July  11,  1870. 
Nothing  has  been  done  by  the  United  States  upon  the  fort  during  the 
past  year,  and  nothing  is  proposed  for  the  present  fiscal  year,  there 
being  no  funds  available.  No  preparations  have  been  made  or  are 
intended  for  any  change  in  the  armament. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1877. 
No  appropriation  asked  for  next  fiscal  year. 
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Fort  Xiagara,  mouth  of  Xiagara  Biver^  Xew  Yorlc^  in  charge  of  Maj.  John 
M.  Wilson,  Corns  of  Engineers  until  December  1,  1875;  siTice  that  date  in 
charge  of  Maj,  nalter  MoFarland,  Corps  of  Engineers. — This  work  is  sit- 
uated at  the  month  of  the  Kiagara  River,  commanding  its  debouch  into 
I^ke  Ontario. 

This  work  remains  in  the  same  condition  as  at  the  close  of  the  last 
fiscal  year.  Tlie  main  approach  to  it  has  been  damaged  by  water,  but 
is  in  the  course  of  repair. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1877. 
No  appropriation  aitked  for  next  tiscal  year. 

Fort  Ontario,  mouth  of  Oswego  River ^  JS^eic  York\  i?i  charge  of  Maj,  John 
M.  Wilson,  Corps  of  Engineers,  until  December  1, 1875  /  since  that  date  in 
charge  of  Maj.  Walter  McFarland,  Corps  of  Engineers. — This  work  "pro- 
tects the  city  of  Oswego  from  a  sudden  attack  or  coup  de  main,  or  the 
levy  of  a  contribution  by  a  small  force  of  an  enemy  on  shipboard. 

This  work  remains  in  the  same  condition  as  at  the  close  of  the  last 
fiscal  year.  No  work  has  been  done,  and  no  money  expended  upon  it, 
except  for  minor  repairs  and  pay  of  watchman.  Nothing  has  been  done 
toward  preparing  this  work  for  its  armament. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Montgomery,  outlet  of  Lake  Champlain,  Kew  YorJc,  in  eliarge  of 
Lieut.  Col.  John  Newton,  Corps  of  Engineers. — This  work  occupies  an  im- 
portant strategic  point,  and  commands  the  entrance  to  Lake  Champlain 
from  the  Bichelien  or  St.  John  Biver.  During  the  year  the  parade  was 
graded  as  far  as  practicable,  new  bridge  constructed  and  placed  in  the 
main  postern,  and  the  repair  of  the  causeway,  together  with  the  sodding 
of  ])arapet  of  curtain,  (3,)  has  been  commenced.  Six  hundred  yards  of 
earth  and  gravel  were  employed  in  grading  parade. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Knox,  Bucksport,  Penobscot  River,  Maine,  in  charge  of  Lieut,  Col, 
J.  C.  Dtiane,  Corps  of  Engineers. — This  work,  situated  at  the  narrows  of 
the  Penobscot  Biver,  furnishes  a  defense  for  the  city  of  Bangor  and 
other  towns  bordering  the  Penobscot,  and  renders  the  river  available  as 
a  secare  harbor  of  refuge  for  the  shipping  of  the  extensive  eastern  sea- 
coast. 

The  condition  of  this  work  remains  unchanged,  no  operations  having 
l>een  carried  on  during  the  past  fiscal  year,  except  for  the  necessary  care 
and  preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Pophant,  Kennebec  Hirer,  Maine,  in  charge  of  Lieut  Col.  J.  C.  Dtiane, 
Corps  of  Engineers, — This  work  defends  the  entrance  through  the  mouth 
of  the  Kennebec  Biver  to  the  rich  valley  of  this  river,  the  cities  of  Bath 
and  Augusta,  and  the  United  States  arsenal  at  the  latter  place. 

The  condition  of  this  work  remains  unchanged,  no  operations  having 
been  carried  on  during  the  past  fiscal  year,  except  for  the  necessary  care 
and  preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1S77. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Gorges,  Portland  Harbor,  Maine,  in  charge  of  Lieut.  Col.  J,  C. 
Duane,  Corps  of  Engineers. — This  work  is  one  of  the  series  of  forts 
designed  to  defend  tbe  harbor  and  channels  leading  into  the  harbor  of 
the  important  strategic  position  occupied  by  the  city  of  Portland. 
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The  operations  of  the  past  fiscal  year  consisted  in  leveling  the  parade 
and  covering  it  with  loam,  building  the  balcony  on  the  gorge  parade- 
wall  and  the  guard-railing  of  this  and  the  parade- wall  of  front  1,  iron- 
plating  and  hanging  the  parade-gates  of  the  main  entrance,  and  com- 
pleting the  flooring  and  finishing  of  all  the  quarters  in  the  gorge. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

Appropriation  asked  for  next  fiscal  year  to  complete  the  work §10,  OOO 

Fort  Preble^  Portland  Harbor^  Maine^  in  charge  of  Lieut,  Col.  J,  O. 
Dua7i€y  Corps  of  Engineers, — This  work  occupies  such  a  position  that 
three-fourths  of  its  guns  command  the  two  principal  channels  entering 
the  harbor  of  Portland. 

Since  the  close  of  September  no  work  has  been  done  for  want  of  suffi- 
cient funds.  At  that  time  four  new  breast-height  walls  and  three  new 
gun-platforms  had  been  built  in  the  south  battery  and  the  sodding  of 
the  parapet  essentially  finished. 

In  the  north  battery  the  roadway  was  completed  in  rear  and  about 
the  westerly  extremity  of  the  parados. 

This  work  has  now  reached  an  advanced  state  toward  completion,  and 
but  little  time  or  money  is  needed  to  finish  and  place  it  in  a  condition 
of  efficiency  for  many  years  to  come. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 

Appropriation  asked  for  next  fiscal  year  to  complete  the  work $30, 000 

Fort  Scammel^  Portland  Harbor j  MainOj  in  charge  of  Lieut.  Col.  J.  C. 
BiumCj  Corps  of  JEngineers. — This  work  occupies  a  very  important  iK)si- 
tion  in  the  harbor,  and  commands  four  of  the  channels  leading  into  it. 

The  operations  of  the  past  fiscal  year  were  carried  on  only  during  the 
first  four  months,  the  funds  being  then  nearly  exhausted.  The  sally- 
port extension  and  the  second  passage  to  the  new  extension  of  the  main 
work  were  built  in  concrete.  Two  gun-platforms  and  all  of  the  traverse 
and  parados  embankments  of  the  old  portion  of  the  main  work  were 
completed  and  the  parade  graded. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 

Appropriation  asked  for  next  fiscal  year $50,000 

Battery  on  Portland  Head,  Portland  Harbor ,  Maine^  in  charge  of  Lieut. 
Col.  J.  C.  Dtuine^  Corps  of  Engin,eers. — This  work  covers  by  its  guns  all 
the  approaches  to  the  main  channel  leading  into  the  harbor,  and  will 
prevent  by  its  fire  an  enemy's  fleet  from  taking  up,  unopposed,  a 
position  behind  Bangs's  Island,  from  which  to  bombard  Portland,  or 
shell  the  shipping  in  the  harbor. 

Work  was  carried  on  only  during  the  first  four  months  of  the  past 
fiscal  year,  and  has  not  since  been  resumed  for  want  of  funds.  The  em- 
bankments of  the  parapet  and  traverses  of  front  1  were  nearly  com- 
pleted by  grading  and  sodding,and  the  three  breast-height  walls,  six  gun- 
platforms,  and  two  of  the  traverse-magazines  were  built.  A  portion  of 
the  breast-height  wall  was  built  in  bay  No.  5. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 

Appropriation  asked  for  next  fiscal  year $50,000 

Fort  McGlary^  Portsmouth  Harbor j  N'ew  Hampshire y  in  charge  of  Lieut. 
Col.  J.  C.  Buane,  Corps  of  Fngineers. — This  work,  together  with  Fort 
Constitution  opposite,  forms  the  inner  line  of  defense  to  the  mouth  of 
the  Piscataqua  Biver,  and  to  the  navy-yard  at  Kittery,  Me. 

The  condition  of  this  work  remains  the  same  as  at  the  close  of  the 
previous  fiscal  year ;  no  operations  having  been  carried  on  except  for 
the  necessary  care  and  preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jone  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 
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Fort  CoiistituHon,  Portsmouth  Harbor^  New  Hampshire,  in  charge  of 
Lieut,  CoL  J".  C.  Duanw,  Corps  of  Engiyieers. — The  condition  of  this  work 
remains  the  same  as  at  the  close  of  the  previous  fiscal  year,  no  opera- 
tions having  been  carried  on  except  for  the  necessary  care  and  preser- 
vation of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  endlDg  June  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Battery  on  OerriMs  Island,  Portsmouth  Harbor,  New  Hampshire,  in 
charge  of  Lieut  CoL  J.  C.  Duane^  Corps  of  Engineers. — This  battery,  with 
the  one  opposite,  on  Jerry's  Point,  forms  the  outer  line  of  defense  to 
Portsmouth  Harbor,  and  to  the  navy-yard  at  Kittery,  Me. 

This  work  has  reached  an  advanced  state  of  completion.  During  the 
past  fiscal  year  the  remaining  five  breast-height  walls  were  finished  and 
the  gun-platforms  were  built,  except  laying  the  irons.  Operations  were 
clos^  in  September  last,  and  not  since  resumed  for  w  ant  of  funds. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30, 1877. 

Appropriation  asked  for  next  fiscal  year  to  continue  the  battery $36, 000 

Battery  on  Jerry^s  Point,  Portsmouth  Harbor ^  Netc  Hampshire,  in  charge 
of  Lieut.  CoL  J.  C.  Duane,  Corps  of  Engineers, — Operations  were  carried 
on  from  the  beginning  of  the  past  fiscal  year  until  October  15,  and  have 
not  since  been  resumed  for  want  of  funds.  Two  traverse-magazines 
were  built,  the  foundation  for  a  third  was  laid,  and  over  2,000  cubic 
yards  of  embankment  made. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30, 1877. 

Appropriation  asked  for  next  fiscal  year  to  continue  the  hattery $^,  000 

Fort  Warren,  Boston  Harbor,  Massachusetts,  in  charge  of  CoL  Henry 
W,  Benhamj  Corps  of  Engineers, — This  important  work  is  for  the  defense 
of  the  main  channel  of  entrance  to  Boston  Harbor,  and  commands  the 
anchorage  of  Nantasket  Beads. 

Operations  at  this  work  resulted  in  the  entire  completion,  as  at  pres- 
ent planned,  of  the  ravelin  battery ;  in  the  completion,  as  far  as  at 
present  possible,  of  the  batteries  of  bastion  A  of  the  enciente,  and  the 
commencement  of  the  modifications  of  bastion  B,  in  which  one  large 
magazine- arch  has  been  completed. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

Appropriation  as^ed  for  next  fiscal  year  .! $50,000 

Battery  at  Long  Island  Heady  Boston  Harbor,  Massachusetts,  in  charge 
of  CoL  Henry  W.  Benham,  Corps  of  Engineers. — This  work  occupies  an 
important  position  in  the  outer  line  of  defense  to  Boston  Harbor,  and 
its  guns  bear  upon  all  the  channels  of  entrance  thereto. 

Active  operations  were  in  progress  during  but  five  months  of  the 
year,  and  in  that  time  four  15-inch  iront-pintle  gun-platforms,  together 
with  their  breast-height  walls,  were  entirely  completed,  ready  for  their 
armament.  Eleven  of  the  27  platforms  of  this  battery  are  therefore 
now  ready  for  their  armament. 

The  parados  arch  and  its  entrances  were  completed  in  rear  of  the 
fourth  pair  of  guns,  and  the  earth-cover  of  the  arches  and  the  sodding 
of  the  slopes  were  essentially  completed  from  its  east  end  westward,  to 
include  the  magazine  for  the  fourth  pair  of  guns. 

No  active  operations  are  expected  during  the  present  fiscal  year. 

No  appropriation  ^as  made  for  the  fiscal  year  ending  Jnne  30, 1877. 

Appropriation  asked  for  next  fiscal  year $50,000 

Fort  Winthrop,  Boston  Harbor^  Massachusetts,  in  charge  of  CoL  Henry 
W,  Benhamy  Corps  of  Engineers, — This  is  one  of  the  works  forming  the 
inner  lineof  defense  to  Boston  Harbor  and  the  navy -yard  at  Charlestown. 
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Active  operations  at  this  work  have  been  extremely  limited,  and  have 
been  confined  to  the  completion  of  the  east  and  south  batteries,  (com- 
prising 43  15-inch  gun-platforms,)  excepting  about  one-half  of  the  new 
sand-parapet  of  south  battery. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30, 1877. 

Appropriation  asked  for  nest  fiscal  year $50,000 

Fort  Independence,  Boston  Harbor^  Massachusetts,  in  charge  of  Col. 
Henry  W.  Benham,  Co'tys  of  Engineers. — This  is  one  of  the  works  form- 
ing the  inner  line  of  defense  for  the  harbor  of  Boston. 

Operations  were  confined  to  the  five  months  ending  December  1, 1875, 
and  resulted  in  the  completion  of  the  present  proposed  modifications  of 
the  barbette  battery  of  the  enciente ;  in  the  essential  completion  of  the 
masonry  of  the  east  exterior  battery,  so  that  its  five  platforms  are  novr 
ready  for  their  armament,  and  in  the  building  of  about  one-half  of  the 
new  parapet  of  this  battery. 

An  iron  ladder  and  balcony  were  built  on  the  parade- wall  of  front  I, 
to  serve  as  a  direct  communication  from  the  parade  to  the  batteries  of 
this  front. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30, 1877. 

Appropriation  asked  for  next  fiscal  year $30,    00 

Fort  at  Claris s  JPoint,  Neic  Bedford  Harbor,  Massachusetts,  in  charge  of 
Maj.  O,  K.  Warren,  Corps  of  Engineers. — The  guns  of  this  work  com- 
mand the  entrance  to  the  harbor  of  25ew  Bedford. 

Nothing  has  been  done  during  the  past  fiscal  year  except  taking  care 
of  the  property,  and  scraping  and  painting  the  iron-work  of  the  fort. 

Plans  for  the  heavy-gun  batteries  are  ready,  and  work  can  be  begun 
as  soon  as  money  is  appropriated. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 

Appropriation  asked  for  next  fiscal  year $30,000 

Fort  Adams,  Newport  Harbor,  Rhode  Island,  in  charge  of  Maj.  0.  K. 
Warren,  Corps  of  Engineers. — This  large  and  important  work  defends  the 
harbor  and  city  of  Newport,  and  commands  the  principal  passage  to 
Narraganset  Bay,  one  of  the  best  roadsteads  on  the  coast. 

During  the  past  year  two  granite  platforms,  with  traverse  circles  and 
pintles,  were  procured,  and  four  platforms  set,  (except  the  traverse  cir- 
cles and  pintles,)  together  with  breast-height  wall  and  parapet  which  was 
completed  in  their  front.  Considerable  work  was  expended  in  grading 
in  rear  of  the  new  battery,  the  surplus  earth  being  used  in  constriicting 
the  traverses.  A  masonry-well  and  man-hole  shaft,  with  suitable  cov- 
erings, was  built  to  the  main  outlet  of  the  drains  on  'the  west  front, 
which  pass  under  the  parapet.  A  fence  was  built  around  the  new  bat- 
tery to  protect  from  intrusion.  A  shed  was  also  constructed  to  protect 
from  the  weather  the  carts  and  other  wheeled  vehicles. 

During  the  present  season  no  work  has  been  done  immediately  on  the 
new  battery,  all  the  money  available  being  required  to  put  it  in  proper 
condition  to  suspend  operations. 

Besides  the  new  battery,  many  repairs  are  necessary  to  the  main  work 
and  permanent  wharf. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

Appropriation  asked  for  next  fiscal  year ,....  $45, 000 

Defenses  of  Dutch  Island,  tcestern  entrance  to  Narraganset  Bay,  Rhode 
Island,  in  charge  of  Maj,  G.  K.  Warren,  Corps  of  Engineers. — These  de- 
fenses lie  in  and  command  the  western  passage  to  Narraganset  Bay. 

During  the  past  year  platforms  for  four  guns  have  been  laid,  breast- 
height  wall  completed,  and  parapet  partly  raised  in  front  of  two,  and 
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banqaette  completed  in  their  rear ;  and  a  beginning  made  on  '^bonnets" 
of  two  adjoining  traverses ;  foundation  and  forms  for  breast-height  wall 
placed  for  the  other  two  platforms ;  traverse  circles  and  pintles  purchased 
and  on  hand  for  six  guns ;  and  material,  except  granite,  on  hand  to  com- 
plete two  more  platforms. 

During  the  present  season  no  work  has  been  done  immediately  on  the 
new  battery,  the  money  available  being  required  to  make  necessary  re- 
pairs and  put  the  place  in  proper  condition  to  suspend  operations. 

The  operations  during  the  present  fiscal  year  will  consist  in  care  of 
public  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

Appropriation  asked  for  next  tiscal  year $37,500 

Fort  Trumbull^  Neic  London  Harbor^  Connecticut^  in  charge  of  Maj.  J. 
W.  Barlow^  Corps  of  Engineers. — This  work,  upon  the  west  bank  of  the 
Thames  Biver,  with  Battery  Oriswold  on  the  east  bank,  forms  the  de- 
fense of  the  harbor  of  New  London. 

During  the  past  fiscal  year  tlie  north  exterior  battery  has  been  com- 
pleted, except  setting  the  platform  irons  and  placing  the  magapsine 
lamps.    Work  has  ceased  from  the  exhaustion  of  the  appropriation. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 

Appropriation  asked  for  next  fiscal  year $40,000 

Fort  Oristtold^  Netc  London  Harbor^  Connecticut^  in  charge  of  Maj.  J. 
TT.  Barloic,  Corps  of  Engineers. — The  only  work  done  during  the  past 
year  was  making  survey  of  the  boundaries  of  the  United  States  lauds. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Hale  J  New  Haven  Harbor^  Connecticut^  in  charge  of  Maj.  J.  W.  Bar- 
low^ Corps  of  Engineers. — ^This  work  commands  the  channel  of  entrance 
to  New  Haven  Harbor. 

No  work  has  been  done  during  the  past  fiscal  year.  The  position  of 
the  opening  of  the  beach  has  shifted  westward.  During  the  winter  the 
sea-wall,  near  the  southwest  salient,  suffered  some  injury.  The  total  cost 
of  repairs  is  estimated  at  $1,500. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Schuyler^  East  River,  Neic  Tork,  in  clmrge  of  Maj.  H.  L.  Abbot, 
Corps  of  Engineers. — ^This  is  an  important  work  for  the  defense  of  the 
entrance  to  the  harbor  of  New  York  City  through  the  East  River. 

During  the  past  fiscal  year,  in  the  main  work,  north  face,  90  cubic 
yards  of  sand  have  been  placed  on  parapet,  and  200  cubic  feet  of  old 
concrete  have  been  removed  from  the  tereplein  of  northeast  angle. 

In  the  north  bastion,  brick  revetment  to  preserve  the  foot  of  the  ex- 
terior has  been  built,  and  the  bastion  has  been  covered  with  earth  and 
sodded. 

In  the  northeast  face,  magazine  No.  4  has  been  completed.;  brick  en- 
trances have  been  built,  steps  and  lintels,  stone  jambs,  arch-stones,  and 
stone  for  retaining  wall  have  been  cut  and  set ;  brick  revetment  for  the 
preservation  of  foot  of  interior  slope  has  been  built  on  retaining  wall; 
the  outside  surface  has  been  covered  with  lime-mortar  and  asphaltum, 
sand  and  earth,  and  the  slopes  have  been  sodded. 

In  the  southeast  face,  brick  revetment  for  the  preservation  of  the  foot 
of  exterior  slope  has  been  built  on  coping  of  scarp- wall,  and  the  joints 
of  the  coping  have  been  pointed  with  asphaltum.  Lime-mortar  and 
asphaltum  have  been  applied  to  large  arch  between  piers  L  and  M. 
The  parade-wall  has  been  backed  with  concrete  as  far  as  the  crown  of 
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the  arch  between  piers  L  and  M ;  asphaltum  has  been  applied  to  the 
arches  between  magazines  4  and  5,  and  the  same  have  been  covered 
with  sand.    All  the  concrete  work  of  magazine  ^o.  5  has  been  com- 
pleted, together  with  the  brick  entrances  and  retaining  wall ;  the  mag- 
azine has  been  covered  with  earth  and  sand,  and  sodded ;  78  linear  feet 
of  parapet  have  been  built  to  full  height  and  thickness,  and  the  same 
amount  to  an  average  thickness  of  10  feet.    Exterior  slope  has  been 
sodded,  except  about  12  feet  near  the  south  bastion ;  mortar  and  rubbish 
have  been  removed  to  make  room  for  the  parapet ;  329  cubic  yards  of 
sand  for  covering  magazine  No.  6,  and  150  cubic  yards  of  sand  for  build- 
ing parapet  have  been  transported  from  the  beach,  and  placed  conven- 
iently. 

The  south  bastion  of  the  main  work  has  been  cut  down  to  the  proper 
level,  and  the  coping  has  been  set,  and  partly  backed  with  concrete. 
Three  courses  of  stone  have  been  removed  from  tower. 

In  the  south  face,  16  linear  feet  of  old  stone  parapet  and  one  platform 
have  been  removed. 

The  torpedo-gallery  has  been  completed,  and  a  trench  for  torpedo- 
cable  has  been  built  61  linear  feet  beyond  the  sea-wall,  and  covered  with 
sand. 

In  the  ten-gun  battery  666  pieces  of  ashlar,  removed  from  the  old 
parade  wall  of  main  work,  have  been  transported  to  the  battery  for  the 
purpose  of  constructing  breast-height  walls.  A  rubble-stone  Vail  149 
feet  long  has  been  built  at  the  west  end  of  the  battery  to  prevent  the 
washing  away  of  the  bank. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 

Appropriation  asked  for  next  fiscal  year $50,000 

The  main  work  is  nearly  remodeled  to  receive  the  platforms,  breast- 
height  walls  and  armament ;  but  is  in  such  a  condition  that  consider- 
able time  is  needful  before  it  would  be  possible  to  actually  mount  the 
latter. 

/  The  vast  importance  of  the  channel,  and  the  fact  that  the  removal  of 
the  obstructions  at  Hell  Gate  is  rapidly  progressing,  renders  it  highly 
important  that  work  should  be  resumed  at  the  earliest  possible  moment. 

Fort  at  Willefs  Pointy  eastern  entrance  to  lUfeio  York  Harbor ^  in  charge 
of  Maj.  H.  L,  Abbots  Corps  of  Engineers, — This  work  unites  with  Fort 
Schuyler,  in  the  defense  of  the  entrance  to  the  harbor  of  New  York 
City,  through  the  East  River. 

During  the  past  fiscal  year,  the  torpedo  casemate  has  been  prepared 
according  to  plan  of  Board  of  Engineers. 

In  the  mortar  battery  about  60  square  yards  of  the  sodding  of  interior 
slope,  which  was  washed  down  by  heavy  rain-storms,  have  been  repaired. 

Two  new  storage  casemates,  15  feet  wide  by  85  feet  long  in  rear  of  the 
easterly  end  of  middle  battery,  for  which  foundations  were  laid  during 
the  last  fiscal  year,  have  been  finished ;  their  arches,  side  and  rear  walls 
have  been  covered  with  lime-mortar  and  mastic,  porous  drain-pipes 
have  been  laid  in  the  valleys  between  the  arches  and  covered  with 
gravel :  41^  linear  feet  of  blue-stone  coping  have  been  set,  and  about  1 
foot  of  earth  has  been  placed  on  top  of  arches,  the  latter  work  partly  by 
engineer  troops ;  two  casemates  have  been  closed  by  wooden  bulk-heads 
and  doors,  and  low  brick  bulk-heads  have  been  built  at  the  entrances  to 
two  casemates  now  containing  torpedo  cable.  A  large  silt  basin  has 
been  constructed  at  the  upper  entrance  of  underground  passage-way  to 
the  stone  fort,  for  the  purpose  of  draining  the  whole  area  in  rear  of 
casemates ;  and  a  tank  of  concrete  has  been  built  in  rear  of  casemate 
No.  8,  for  the  purpose  of  testing  torpedo-cable. 
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One  huDdred  and  eighty-four  linear  feet  of  sea-wall  in  front  of  Little 
Bay  battery,  toward  the  wharf,  have  been  completed,  making  a  thorough 
tiuishof  the  whole  wall  between  northwest  curtain  of  stone  fort  and 
fort  wharf;  a  considerable  amount  of  riprapping  has  been  done,  partly 
by  engineer  troops. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877.  i 

Appropriation  asked  for  next  fiscal  year $30,000 

A  large  appropriation  is  urgently  needed,  not  only  on  account  of  the 
importance  of  the  channel  to  be  protected,  but  also  because  the  condi- 
tion of  the  work  is  such  that  rapid  and  costly  deterioration  results  from 
leaving  it  exposed  in  its  present  unfinished  condition. 

Fort  ColumhuSj  Oovernor^s  Island^  Neic  York  Harbor^  in  charge  of  Lieut 
CoL  John  Neicton,  Corps  of  Engineers. — During  the  past  year  repairs 
were  made  to  the  drawbridge  and  approach,  and  the  engineer  wharf 
was  replanked.  This  work  should  be  provided  with  sewers  to  connect 
with  the  latrines,  which,  by  means  of  a  force-pump,  could  be  flushed 
with  salt  water,  or,  better  still,  should  well-sinking  prove  to  be  a  success, 
with  fresh  water. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

Appropriation  asked  for  next  fiscal  year $5,500 

Xeic  barbette  battery  at  Fort  Columbus^  Governor's  Island^  New  York 
Harbor^  in  charge  of  Lieut,  CoL  John  Keicton^  Corps  of  Engineers. — No 
work  was  done  here  during  the  past  fiscal  year,  and  none  contemplated 
(luring  the  present  year. 

Kg  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1877. 
Ko  appropriation  asked  for  next  fiscal  year.  i 

Castle  Williams^  Oovernor^s  Island^  Keio  York  Harbor^  in  charge  of 
Litut.  CoL  John  Neicton^  Corps  of  Engineers. — No  work  was  done  here 
daring  the  last  fiscal  year.  The  casemates  of  this  old  work  are  used  b^' 
the  general  recruiting-service  as  quarters,  &c.  The  mastic  pavement  of 
the  terreplein  is  in  very  bad  order,  permitting  extensive  leaks  into  the 
quarters.  This  pavement  cannot  stand  exposure  to  the  sun  and  frost, 
and  requires  continual  repairs  and  renewal.  A  new  roof  is  needed,  for 
which  an  appropriation  is  asked. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1877. 

Appropriation  asked  for  next  fiscal  year $3,000 

8outh  Battery  J  Govemor^s  Island^  New  York  Harbor,  tn  charge  of  Lieut. 
Col  John  Neiotony  Corps  of  Engineers. — No  work  was  done  here  during 
the  past  fiscal  year,  and  none  contemplated  during  the  present. 

Fort  Wood,  Bedloe^s  Island,  Neic  York  Harbor,  in  charge  of  Lieut.  CoL 
John  Newton,  Corps  of  Engineers. — This  work,  together  with  those  upon 
Governor's  Island,  is  designed  to  close  the  entrance  to  the  East  and 
Hudson  Rivers,  and  to  cover  New  York,  part  of  Brooklyn,  and  Jersey 
City  from  bombardment. 

No  appropriation  was  made  for  this  work  for  the  year  ending  June 
30, 1876.  The  small  balance  on  hand  at  the  beginning  of  the  year  was 
used  on  the  exterior  water-battery  in  grading  terreplein  and  filling  in 
parapet;    Permanent  doors  were  hung  to  magazines  Nos.  3  and  4. 

The  main  drain  or  sewer  in  parade  of  the  fort  was  depressed  its  entire 
length  in  order  to  give  sufficient  descent  to  carry  off  the  sewage. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 
^0  appropriation  asked  for  next  fiscal  year. 

Fort  Hamilton,  and  additional  batteries,  New  York  Harbor,  in  charge  of 
Lieut,  CoL  John  Newton,  Corps  of  Engineers. — These  works  are  situated 
at  The  Narrows  of  New  York  Harbor,  upon  the  Long  Island  side. 
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Dariug  the  year,  in  Battery  1,  the  platforms  and  breast- height  wall 
were  completed.  The  parapet  and  end  of  traverses  have  been  raised  to 
the  required  height,  and  rear  slopes  of  parapet  sodded. 

In  the  lo-inch  gun  battery  no  work  was  done  except  slight  repairs  to 
the  slopes. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1877. 

Appropriation  asked  for  next  fiscal  year  ..^ $10,000 

Mortar  Battery  at  Fort  Hamilton^  New  TorJc  Harbor j  in  charge  of  Lieut. 
Col.  John  Newton,  Corps  of  Engineers, — Daring  the  year  repairs  have 
been  made  to  the  silt  basins,  surface-drain  cut  to  carry  off  water  from 
around  platform  No.  1,  terreplein  graded,  and  soil  spread  on  slopes. 

Fort  Wadsworthy  Staten  Island^  Neio  YorJc  Harbor,  in  charge  of  Lieut. 
Col.  Q.  A.  Oillmore,  Corps  of  Engineers. — This  fort  is  situated  on  the 
Staten  Island  side  of  The  Narrows  of  New  York  Harbor,  and  is  a  large, 
casemated  work.  The  operations  during  the  last  fiscal  year  have  been 
mostly  restricted  to  the  preparation  of  the  necessary  appliances  for  the 
defense  of  the  channel  by  torpedoes.  This  has  been  completed,  with 
the  exception  of  a  small  amount  of  concrete- work,  which  can  be  put  in 
in  a  few  days. 

The  store-room  roofs,  over  the  two  principal  magazines,  and  the  roof 
of  the  guard-house,  have  been  repaired  and  painted. 

There  has  been  no  change  in  the  armament  of  the  work.  The  ditoh 
requires  cleaning  out ;  some  painting,  lacquering,  and  pointing  are  nec- 
essary ]  and  shot-beds  are  needed  on  the  parade  of  the  work. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  on  site  of  Fort  Tompkins^  New  York  Harbar,  in  charge  of  Lieut. 
Col.  Q.  A.  Ghillmore,  Corps  of  Engineers. — This  work  crowns  the  hill  in 
rear  of  the  open  batteries  and  other  works  on  Staten  Island  defending 
the  entrance  through  The  Narrows  to  New  York  Harbor,  acts  as  a  keep 
for  these  works,  and,  when  completed,  will  throw  a  heavy  fire  from  a 
high  elevation  upon  vessels  attempting  to  pass  before  it. 

During  the  past  fiscal  year  a  covered  reservoir,  for  furnishing  the 
garrison  with  fresh  water,  was  constructed  in  the  glacis,  near  the  angle 
of  the  counterscarp  of  the  south  and  southwest  faces.  It  has  a  capacity 
of  50,000  gallons,  supplied  from  a  spring  which  flows  into  the  ditch  of 
Fort  Wadsworth,  near  the  southwest  angle.  The  spring  yields  an 
ample  supply  of  excellent  water,  which  is  collected  in  a  supply -basin 
formed  by  the  erection  of  two  concrete  walls  across  the  ditch  of  the 
work,  inclosing  an  area  of  3,150  superficial  feet.  The  water  is  forced 
from  the  supply-basin  into  the  reservoir,  through  a  4-inch  cast-iron  pipe, 
by  means  of  a  steam  force-pump  located  in  one  of  the  lower  rooms  of  the 
guard-house  of  Fort  Wadsworth.  From  the  reservoir  two  6-inch  cast- 
iron  pipes  conduct  the  water  away ;  one  of  them  to  the  latrine  in  the 
south  ditch  of  Fort  Tompkins,  the  other  to  the  parade  of  the  work,  with 
branch  pipes  into  a  casemate  used  as  a  bath  and  wash  rooms.  This 
pipe  has  been  continued  by  the  Quartermaster's  Department  to  the  offi- 
cers' quarters  and  hospital,  situated  on  a  level  upward  of  50  feet  below 
the  floor  of  the  reservoir. 

The  new  soldiers'  latrine,  at  the  east  end  of  the  south  ditch,  is  14  feet 
by  24  feet  inside ;  is  built  of  brick,  with  12-inch  walls  above  the  floor, 
over  a  sink  7  feet  wide  and  8  feet  deep,  in  which  water  constantly  stands 
at  the  depth  of  2  feet,  with  appliances  for  flushing  it  whenever  neces- 
sary. The  floor  and  risers  of  the  seats  are  of  cut  blue-stune  flagging, 
with  yellow-pine  coping  for  the  seats. 


REPORT   OP   THE   CHIEF   OF   ENGINEERS.  15 

The  other  operations  have  consisted  in  hanging  the  sally-port  doors, 
pointing  the  cut-granite  masonry  in  the  breast-height  walls,  barbette 
traverse  magazines,  and  a  portion  of  the  the  parade  piers  along  the 
channel  front,  in  repairing  apd  preserving  the  slopes,  and  straightening 
the  sewer  leading  from  new  latrine  to  the  river  at  its  point  of  junction 
with  the  old  latrine. 

The  expenditures  not  contemplated  in  the  original  projects  for  the 
year  have  amounted  to  about  $  10,000.  The  fort  i«  In  readiness  to  receive 
its  airmament  of  channel-bearing  guns. 

No  operations  can  be  carried  on  during  the  present  fiscal  year  for  want 
of  funds.  The  large  slope  between  the  fort  and  the  south  end  of  the 
north  cliflf  battery  is  in  a  very  bad  condition,  and  provision  ought  to  be 
made  for  grading  it  into  terraces  and  completing  it. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1^7. 
Appropriation  asked  for  the  next  fiscal  year  to  contiuae  the  work,  and  the  north  cliff 
and  south  cliff  batteries $50,000 

Olacis  Ghun  Battery,  {north  of  fort,  onsite  of  Fort  Tompkins,)  Statin  Island, 
New  York  Harbor,  in  charge  of  Lieut  Col,  Q.  A.  Oillmore,  Corps  of  Engi- 
neers.— This  battery  has  been  in  readiness  to  receive  its  armament  for 
the  last  three  years.  Some  little  work  yet  remains  to  be  done  to  the 
magazine  doors  and  lamp-closets.  No  work  was  done  during  the  last 
fiscal  year  except  to  cut  the  grass  from  the  slopes  and  repair  minor 
damages  to  the  same. 

No  appropriation  asked  for  next  fiscal  year. 

Glacis  Mortar  Battery,  (south  of  fort,  om  site  of  Fort  Tompkins,)  Staten 
Islandj  yew  York  Harbor,  in  charge  of  Lieut  Col.  Q.  A.  Gillmore,  Corps 
of  Engineers. — This  battery  and  its  armament  are  ready  for  service. 
During  the  past  fiscal  year  portions  of  the  slopes  damaged  by  heavy 
rains  have  been  repaired  and  resodded.  A  little  work  yet  remains  to  be 
done  upon  the  lamp  closets,  and  the  principal  magazine  requires  to  be 
furred  off. 

No  appropriation  asked  for  next  fiscal  year. 

Battery  Hudson,  Staten  Island,  Neic  York  Harbor,  in  charge  of  Lieut. 
Col.  Q.A.  Oillmore,  Corps  of  Engineers. — This  work,  together  with  those 
on  the  north  and  south  clifi's,  forms  a  system  of  open  barbette  batteries 
lying  exterior  to  Forts  Tompkins  and  Wadsworth,  and  bringing  a  pow- 
erful fire  to  bear  upon  the  channel  up  to  and  through  The  Narrows. 

The  operations  on  the  east  face  of  the  battery  consisted  in  construct- 
ing the  granite  masonry  of  the  permanent  breast-height  wall  and  low 
traverse  platforms  Nos.  2  and  3,  built  with  the  additional  height  required 
for  the  new  ordnance  carriage.  The  platforms  are  completed,  with  the 
exception  of  the  iron  traverse  rails  and  a  portion  of  the  earthen  parapet. 
Granite  was  also  prepared  for  three  permanent  platforms,  Nos.  7,  8,  and 
9,  intended  to  be  constructed  on  the  site  now  occupied  by  the  six  300- 
pounder  Parrot  rifles ;  but  these  rifles  have  not  yet  been  removed,  as 
was  contemplated  at  the  beginning  of  the  fiscal  year,  it  being  thought 
best  not  to  reduce  the  existing  armament. 

In  tlie  extension  of  the  battery,  a  permanent  breast-height,  wall  with 
bomb-proof  shelter,  and  retaining  wail  at  the  west  end  of  the  battery, 
have  been  constracted.  The  five  wooden  platforms  have  had  the  rear- 
traverse  rails  cut  off,  and,  in  connection  with  permanent  outer  traverse 
stones,  have  been  relaid  for  the  new  ordnance  carriage.  These  plat- 
forms are  complete  except  the  outer  traverse  rails,  which  will  be  put 
down  with  the  balance  on  hand ;  all  the  finished  masonry  in  the  battery 
has  been  pointed,  and  some  extensive  damages  to  the  earth-slopes  re- 
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paired.    Xo  platforms  have  been  made  ready  for  the  guns  since  the  last 
annual  report,  but  two  will  be  completed  during  the  present  month. 

No  appropriatioD  was  made  for  the  fiscal  year  ending  June  30,  1877. 

Appropriation  asked  for  next  Hscal  year  to  continue  the  work 831,000 

South  Mortar  Battery^  (in  rear  of  Battery  Hudson  extension^)  Staten 
Island^  New  TorJc  Harbor j  in  charge  of  Lieut  Col  Q.  A.  Gillmore^  Corps 
of  Engineers. — The  work  necessary  for  the  completion  of  this  battery 
consists  in  constructing  and  laying  eight  timber  mortar  platforms  upon 
concrete  foundations,  now  in  place,  in  fitting  up  the  inner  magazine 
doors  and  two  lamp  closets.    No  platforms  are  finished. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

North  Cliff  Battery^  Staten  Island,  New  YorJc  Harbor,  in  charge  of  Lieut 
Col.  Q.  A.  Gillmore,  Corps  of  Engineers. — No  operations  were  carried  on 
during  the  fiscal  year  except  repairing  a  portion  of  the  slopes,  and  cut- 
ting grass. 

This  battery  is  ready  for  four  guns,  in  addition  to  those  already 
mounted. 

No  separate  appropriation  is  asked  for  the  next  fiscal  year. 

South  Cliff  Battery,  Staten  Island,  New  YorJc  Harbor,  in  charge  of  Lieut. 
Col,  Q.  A.  Gillmore,  Corps  of  Hnginefrs. — The  project  submitted  at  the 
beginning  of  the  fiscal  year  was  modified  in  order  to  construct  the  sup- 
ply basin,  reservoir,  and  latrine,  and  repair  damages  to  slopes,  referred 
to  in  the  report  on  Fort  Tompkins. 

In  accordance  with  the  plans  for  the  modification  of  the  battery,  the 
new  traverse  magazine,  with  covered  passage,  near  the  north  end  of  the 
battery,  has  been  finished,  except  a  portion  of  the  earthwork  and  the 
doors.  The  front  wall  of  the  covered  passage  opposite  the  north  prin- 
cipal magazine  has  been  carried  to  the  springing-line  of  the  arch,  and 
the  granite  skewback  laid.  The  covered  passage  to  be  added  to  the  old 
traverse  magazine,  north  of  the  above-named  principal  magazine  has 
had  the  rear  wall  of  the  passage  built  to  the  skewback  and  the  skew- 
back  laid.  The  center  pintle  platform,  No.  17,  was  removed  and  sent  to 
Fort  Sumter,  and  the  front  pintle  platforms,  Nos.  4,  5, 11,  and  12,  (old 
numbers,)  were  removed  in  the  execution  of  approved  modifications. 

Excavations  have  been  made  in  two  places  through  the  parapet  and 
Sinch  drain-pipe  laid  to  near  high- water  mark,  to  afford  additional  drain- 
age for  the  battery. 

Eight  guns  are  in  position  in  this  battery,  and  the  platforms  are  ready 
for  all  the  others. 

No  separate  appropriation  asked  for  next  fiscal  year. 

Fort  at  Sandy  Hook,  Netc  Jersey,  in  charge  of  Lieut  Col.  John  Netcton, 
Corps  of  Engineers. — One  of  the  great  objects  of  this  work  is  to  prevent 
the  occupation  of  the  lower  bay  as  an  anchorage  by  an  enemy's  fleets. 

No  operations  have  been  conducted  during  the  year  except  occasional 
repairs  to  the  jetties  and  taking  down  and  storing  away  derricks.  The 
southern  boundary-line  has  been  laid  out  and  marked  by  granite  blocks. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Mifflin,  Delatcare  River,  Pennsylvania,  in  charge  of  Lieut  Col.  J. 
D.  Kurtz,  Corps  of  Engineers. — This  fort  constitutes  one  of  the  inner  line 
of  works  for  the  defense  of  Philadelphia  and  the  naval  establishment  at 
League  Island. 

During  the  past  fiscal  year  a  torpedo  casemate  of  concrete  masonry, 
with  sodded  covering  traverse,  has  been  completed,  excepting  a  portion 
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of  the  gallery  exteDding  beyond  the  scarp-wall.  The  traverse  r^ils  of 
giiD'platforiDS  30,  31,  32,  33,  34  and  35,  main  work,  were  laid.  In  the 
eiterior  battery,  nine  wooden  gan-plattorms  have  been  laid ;  the  brick 
breast-height  wall,  with  concrete  backing,  in  front  of  gun-platforms  43, 
44, 45,  46,  47  and  48  has  been  completed;  magazine  44-45  J&nished,  ex- 
cept sand  traverse,  and  the  concrete  masonry  of  magazine  46-47  com- 
pleted with  mastic  covering.  All  this  concrete  masonry  is  protected  by 
a  covering  of  sand,  the  terreplein  and  parapet  of  gan-plattorms  43  and 
44  have  been  partly  graded  ready  for  seeding,  and  sods  have  been  placed 
on  the  steep  slopes  along  the  edge  of  the  breast- height  wall.  About  700 
cubic  yards  of  sand  have  been  received  and  embanked  in  the  battery. 
In  addition  to  the  above,  and  the  necessary  grading  of  the  slopes,  the 
steep  profile  slope  of  the  down-river  branch  was  sodded;  repairs  have 
b^n  made  to  the  sodded  slopes  of  main  work  and  demilune ;  repairs  to 
the  dike  at  several  places  on  Delaware  front  made,  and  an  accumulation 
of  mud  in  the  moat  has  been  removed. 

!No  appropriation  having  been  made  for  the  present  fiscal  year,  the 
work  will  be  placed  in  the  care  of  a  fort-keeper  and  watchman. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

Appropriation  asked  for  next  fiscal  year $75,000 

During  the  next  fiscal  year  it  is  proposed,  if  funds  are  provided,  to 
complete  the  exterior  battery,  the  u^odification  of  south  15-inch-gun 
battery,  of  the  demilune,  the  battery  on  the  south  face  of  the  main  work 
for  two  15-inch  guns,  and  construct  the  storage  magazine  of  the  demi- 
luoe. 

Mortar  Battery  at  Fort  Mifflin^  Delaware  River j  Pennsylvania^  in  charge 
of  Lieut  Col.  J,  D.  Kurtz^  Corps  of  Engineers. — No  work  has  been  done 
at  this  battery  during  the  past  year  for  the  want  of  funds,  and  none  is 
proposed  for  the  present  fiscal  year,  for  the  same  reason. 

Xo  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Site  for  the  defenses  at  Red  Bank^  Neto  Jersey^  in  charge  of  Lieut.  Col. 
J.  D,  KurtZj  Corps  of  Engineers. — During  the  past  ^year  necessary  small 
repairs  have  been  made  to  the  dikes,  buildings,  and  fences,  and  general 
care  and  supervision  have  been  maintained  over  th^  property.  The 
funds  for  these  purposes  were  allotted  from  the  appropriation  for  con- 
tiDgencies  of  fortifications. 

No  appropriation  has  yet  been  made  for  a  battery  on  this  site. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Delaicare^  Delaware  River ^  Delaware^  in  charge  of  Lieut.  Col.  J.  D. 
KurtZj  Corps  of  Engineers. — This  work,  situated  on  the  Pea  Patch  Island, 
forms  one  of  the  chain  of  works  constituting  the  outer  line  of  defense 
for  the  Delaware  River, 

The  small  amount  available  during  the  past  fiscal  year  has  been  ap- 
plied to  such  repairs  as  were  most  necessary,  and  to  the  preservation  of 
public  property. 

The  timber  foundation  of  upper  eastern  wharf  has  been  protected  from 
the  ice  by  iron-plating,  and  injury  to  the  stone  superstructure  has  been 
repaired,  and  the  top  of  the  wharf  has  been  finished  for  10  feet  back 
from  the  head.  Some  repairs  have  been  made  to  the  southern  wharf, 
and  the  bridge  leading  to  it  has  been  rebuilt.  A  portion  of  the  flagging 
of  the  parade-walk  has  been  relaid.  Slight  repairs  have  been  made  to 
temporary  baildings  and  fences,  and  the  sodded  slopes  and  grounds 
have  been  kept  in  good  condition. 

^'o  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30, 1877. 

Appropriation  asked  for  next  fiscal  year $40,0!)0 

2E 
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Battery  at  Firings  Pointj  Delaware  River^  New  Jersey^  in  charge  of  Lieut 
Col.  J,  JJ,  Kurtz^  Corps  of  Engineers, — This  is  a  powerful  earthen  bar- 
bette-battery, and  forms  the  left  of  the  outer  line  of  defenses  across  the 
mouth  of  the  Delaware  River, 

During  the  past  year  two  stone  gun-platforms  have  been  finished,  and 
the  breast-height  wall  in  front  of  them  nearly  built;  the  stone  for  two 
additional  platforms  has  been  nearly  all  prepared  for  setting,  and  the 
concrete  foundation  for  them  has  been  laid. 

One  service-magazine  has  been  built ;  the  one  built  last  year  has  been 
fitted  up,  and  its  covering  traverse  has  been  embanked  and  sodded. 

The  embankment  of  battery  aud  parapet  has  been  continued,  much  of 
the  material  having  been  taken  from  the  beach  in  front. 

The  sea-wall  south  of  the  wharf  to  the  boundary-line  has  been  entirely 
rebuilt  on  a  foundation  of  light  piling;  about  80  linear  feet  of  the  wall 
in  front  of  mortar-battery  has  also  been  repaired. 

The  fence  partially  inclosing  the  Government  grounds  has  been  ex- 
tended 1,970  linear  feet. 

No  appropriation  T^as  made  for  the  fiscal  year  ending  June  30,  1877. 

Appropriation  asked  for  next  fiscal  year $50, 000 

Mortar-Battery  at  FinvCs  Pointy  Delaware  River ^  New  Jersey y  in  charge 
of  Lieut.  Col.  J.  D.  Kurtz^  Corps  of  Engineers. — No  operations  were  car- 
ried on  at  this  work  during  the  past  year  for  want  of  funds,  and  none 
are  contemplated  for  the  present  year.  Its  condition  remains  the  same 
as  at  the  date  of  the  last  annual  report. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  opposite  Fort  Delatcarcj  Delaware  shore^  in  charge  of  Lieut.  Col. 
J.  D.  Kurtz,  Corps  of  Engineers. — A  strong  earthen  barbette  battery, 
forming  the  right  of  the  outer  line  of  defenses  for  the  Delaware  River. 

During  the  past  year  the  magazine  and  shelter  room  at  intersection 
of  gun  and  mortar  batteries,  with  their  covering  traverse,  have  been 
completed  ;  the  magazine  next  in  order  to  the  left  has  been  built,  and 
its  traverse  partly  embanked ;  the  connecting  breast-height  wall  has 
been  nearly  finished ;  the  stone  for  two  gun-platforms  has  been  prepared, 
with  the  exception  of  a  few  pieces,  and  the  concrete  foundation  for  them 
has  been  laid ;  a  torpedo- casemate  has  been  constructed  and  covered 
with  earth,  and  the  cable-gallery  leading  from  it  has  been  partially 
constructed ;  the  ramp  from  mortar-battery  has  been  formed,  and  the 
slopes  in  rear,  together  with  the  rear  slope  of  gun-battery  for  300  feet, 
have  been  embanked  and  sodded.  The  embankment  of  the  battery 
has  been  continued. 

1^0  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 

Appropriation  asked  for  next  fiscal  year $50,000 

During  the  next  fiscal  year  it  is  proposed,  if  funds  are  provided, to 
complete  the  unfinished  breast-height  wall,  two  gun-platforms,  and  the 
magazine  traverse ;  to  construct  additional  gun-platforms  of  stone,  with 
the  breast-height  walls  in  front,  and  magazines,  with  their  covering  trav- 
erses ;  to  complete  the  torpedo-gallery,  and  to  continue  theembaukment 
of  the  battery. 

Mortar-Battery  near  Delaioare  City,  Del,  in  charge  of  Lieut,  Col.  J. 
D.  Kurtz,  Corps  of  Engineer's, — Nothing  has  been  done  on  this  work 
during  the  year,  and  its  condition  remains  the  same  as  at  the  date  of 
the  last  annual  report. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1-177. 

No  appropriation  asked  for  next  fiscal  year.  * 
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Fort  McHenry^  Baltimore  Harbor^  Marylayul^  in  charge  ofMaj,  William 
P.  Craighillj  Corps  of  Engineers. — This  fort  forms  part  of  the  inner  line  of 
defease  for  Baltimore  and  its  dependent  intereS' s,  and  co:nmands  with 
its  fire  the  interior  waters  of  the  harbor  and  the  channel  of  approach 
thereto,  in  which  24  feet  can  be  found  at  mean  low-water. 

This  site  at  the  entrance  of  the  inner  harbor  of  Baltimore,  though  it 
has  lost  much  of  its  importance  owing  to  the  growth  of  the  city  toward 
it,  should  still  be  occupied  by  a  battery  of  heavy  guns  near  the  water- 
front, mounted  behind  a  sand  parapet  of  the  latest  and  most  improved 
model,  and  pro vided  with  bomb-proof  cover  for  ammunition  and  gunners. 
Such  a  battery  would  be  of  inestimable  value  in  the  defense  of  the  city 
against  an  enemy  afloat  wh)  by  force  or  stratagem  had  passed  the  outer 
lines  of  defense,  and  it  might  also  play  an  important  part  in  the  defense 
against  any  force  on  land  co-operating  in  that  quarter  with  a  fleet. 
Such  a  battery  is  being  constructed.  No  dependence  can  be  placed  on 
the  old  historic  fort,  McHenry,  which  did  its  part  so  well  in  repelling  the 
attack  made  iu  the  war  of  1812. 

The  condition  in  which  this  battery  stood  June  30, 1874,  is  given  in 
the  last  annual  report,  coupled  with  the  statement  that  nothing  could 
be  done  for  want  of  funds,  except  in  the  way  of  care  and  preservation, 
during  the  year  ending  June  30, 1875. 

An  appropriation  of  $20,000  was  made  February  10,  1875.  Work 
was  resumed  July  1, 1875,  suspended  late  in  November,  1875,  and  re- 
sumed in  May,  1876.  At  the  end  of  June,  1876,  the  appropriation  was 
nearly  exhausted.  The  work  of  the  year  embraces  the  extension  of  the 
sand  parapet  of  front  4  to  the  salient  3-4,  and  building  10  feet  of  the 
parapet  of  front  3,  and  the  sod  revetment.  The  sand  covering  has  been 
placed  on  the  three  magazines  previously  built,  and  doors  have  been 
made  for  them,  which  are  in  store  at  Kort  Carroll  for  better  preservation. 
The  terreplein  has  been  partly  regraded,  and  a  layer  of  soil  put  upon 
the  slope  in  rear  of  ^he  battery,  to  secure  a  growth  of  grass.  Some  re- 
pairs of  small  extent  were  made  iu  the  spring  of  1876  to  the  slopes  of 
the  magazines  and  parapet  of  the  old  water  battery,  which  is  kept  up 
until  the  completion  of  the  new  one. 

It  is  not  deemed  expedient  to  put  down  gun-platforms  until  the  terre- 
plein embankment  becomes  more  consolidated,  the  subsoil  being  some- 
what unstable. 

The  sum  of  $50,000  is  asked  for  the  next  fiscal  year,  which  would 
complete  nearly  the  whole  of  the  parapet  and  terreplein,  with  maga- 
zines, but  no  gun-platform. 

Xo  appToprmtioD  wa«  made  for  the  fiscal  year  eudiDg  Jane  30, 1877. 

Appropriation  abked  for  uext  fiscal  year S50,000 

Fort  Carroll^  Baltimore  Harbor,  Maryland,  in  charge  of  Ma j,  William  P. 
Craighill,  Corps  of  Engineers, — This  fort  is  situated  upon  an  exterior  line 
01  deteuse  for  the  harbor  of  Baltimore.  It  is  a  casemated  work,  but 
nothing  has  been  done  in  the  past  year  in  carrying  out  the  project  for 
its  completion,  which  contemplated  the  provision  for  three  tiers  of  guns 
in  casemates  and  one  in  barbette.  This  delay  is  due  to  the  fact  that 
tLe  best  method  of  arranging  such  defenses,  consistent  with  a  due  re- 
gard to  economy,  has  not  yet  been  determined. 

Daring  the  past  year  nothing  has  been  done  but  what  was  necessary 
for  preservation  and  care  of  property.  This  work  consisted  of  repairs 
to  fences,  sheds  and  roofs  over  masonry,  which  were  damaged  by  the 
weather,  especially  very  high  winds.  Electrical  conductors  were  placed 
over  magazines  iri  three  of  the  salients.  There  has  been  no  change  in 
the  armaments  since  last  annual  report.   The  details  of  the  arrangements 
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proposed  for  the  use  of  torpedoes  from  this  fort  have  been  determined 
upon,  aud  drawing^s,  4&c.,  have  been  prepared,  but  their  constractioji 
has  been  deferred  for  want  of  funds. 

No  appropriation  was  made  for  the  fiscal  year  eudiug  June  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Ohstructiom  of  the  Potomac^  in  charge  of  Maj,  William  P.  CraighilL  Corps 
of  Efigineers, — The  material  pertaining  to  these  floating  obstructions 
has  continued  in  store  at  Fort  Foote,  in  charge  of  a  watchman.  The 
timber,  of  which  the  floats  are  composed,  has  decayed  very  much. 

Fort  FootBj  Potomac  River ,  Maryland j  in  charge  of  Maj.  JVilUamP,  Craig- 
hillj  Corps  of  Engineers, — This  work  is  on  the  inner  line  of  defense  of  the 
channel  of  approach  by  water  to  Alexandria,  Washington,  and  George- 
town.   The  site  is  high,  commanding,  and  unusually  favorable. 

Tliere  having  been  no  specific  appropriation  for  Fort  Foote,  the  work 
done  has  been  limited  to  some  repairs  of  moderate  extent,  required  for 
the  i  afety  and  use  of  the  wharf.  These  repairs  were  made  in  June, 
1876.  The  crib- work  on  the  down-stream  side  of  the  causeway-approach 
to  the  wharf  has  been  replaced.  The  abutment  of  the  wharf,  also  of 
crib,  was  extended  down  stream  16  feet,  or  even  with  the  projecting 
portion  of  the  wharf.  This  was  done  with  a  view  to  future  repairs,  the 
extension  being  expected  to  serve  as  part  of  the  abutment  of  the  new 
portion.  Total  length  of  crib-work,  125  feet.  A  portion  of  the  head  of 
the  wharf,  12  feet  in  length,  has  been  cut  down  to  facilitate  landing 
from  boats. 

Attention  is  again  urgently  invited  to  the  fact  that  the  unfinished 
-condition  of  this  fort  must  render  it  liable  to  certain  injury  aud  deteri- 
*oration ;  and  to  properly  care  for  the  work  already  done,  the  modiflca- 
tion  of  the  main  fort  should  be  completed  as  early  as  possible.  Appro- 
priation for  this  purpose  is  very  important.  All  the  work  now  proposed 
at  this  place  and  at  Fort  Washington  is  in  the  w^-  of  preparation  for 
mounting  the  heaviest  guns  known  to  our  service  tfehind  sand  parapets 
of  the  latest  and  best  models. 

No  appropriation  was  made  for  tbe  fiscal  year  ending  JnueSO,  1677. 

■Appropriation  asked  for  next  fiscal  year $50,000 

Fort  Washington,  Potomac  River ^  Maryland^  in  cliarge  of  Maj,  William  P, 
Craighilly  Corps  of  Engineers. — This  fort  occupies  a  very  important  posi- 
tion on  the  outer  line  of  defense  of  the  cities  of  Alexandria,  Washing- 
»ton,  and  Georgetown,  and  their  dependent  interests.  The  site  is  an  ex- 
cellentone,  but  the  line  requires  strengthening  by  the  introductiou  of  guns 
of  the  heaviest  caliber,  for  which  the  old  fort  was  not  suited. 

During  the  past  fiscal  year,  for  want  of  funds,  nothing  was  attempted 
'but  to  make  some  repairs  of  limited  extent  to  the  wharf,  and  the  light- 
>ning-rods  of  the  magazines,  &c.  In  June,  1876,  the  replacing  of  80  feet 
oi  crib- work  was  commenced  on  the  south  side  of  the  bulkhead  of  the 
wharf.  The  earth  backing  has  been  removed,  and  the  timbers  taken 
out  as  far  down  as  the  low-water  line,  under  which  level  the  crib- work 
is  in  good  condition.  Putting  on  the  new  timber  has  commenced. 
Lightning-rods  over  the  magazine  inside  the  fort,  and  at  commanding- 
officers'  quarters  outside,  have  been  repaired,  and  insulators  have  been 
replaced  on  all  the  rods  where  needed. 

The  maps  are  completed  as  far  as  seem  necessary-  for  preparing  a  re- 
vised project  of  defense,  which  is  expected  to  be  shortly  ready. 

Attention  is  again  pressingly  asked  to  the  need  of  the  appropriation 
asked  for  this  fort.    The  portion  of  the  work  begun  should  be  finished. 
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It  is  daily  safferiog  serious  injury  and  deterioration,  ovving  to  its  incom- 
plete state. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  l*^??. 

Appropriation  asked  for  next  fiscal  year S38, 000 

Fcrt  Monroe^  Old  Point  Comfort,  Virginiay  temporarily  in  charge  of 
Lieut.  Col.  Q.  A.  Gillmore,  Corps  of  Engineers. — This  extensive  work  occu- 
pies an  important  position,  covering  the  approach  to  Hampton  Eoads^ 
the  navy-yard  at  Portsmouth,  and  the  James  River. 

Daring  the  past  fiscal  year  work  has  been  confined  almost  entirely  to 
the  advanced  redoubt.  In  this  the  platforms  and  breast-height  walls 
for  gnus  Nos.  1,  2,  3,  and  4  have  been  completed,  except  pintle  and 
traverse  circles,  and  the  foundation  for  the  breast-height  wall  and  plat- 
form for  guns  Nos.  5  and  6  have  been  completed  and  the  pintle-blocks 
and  prop-stones  set.  The  two  service  magazines  have  been  plastered,, 
and  the  magazine  traverse  between  guns  3  and  4  raised  and  sodded 
from  reference  (6')  to  reference  (26',)  the  level  of  the  interior  crest. 
The  terreplein  and  slopes  in  gun-space  next  the  main  work  have  been 
completed  and  sodded,  and  125  linear  feet  of  exterior  slope  sodded  from 
reference  {6(K)  to  reference  (21',)  or  (2'  6",)  below  the  exterior  crest. 
The  roadway  of  the  main  postern  of  the  fort  has  also  been  repaved. 
Three  platforms  for  heavy  guns  and  fifteen  for  lighter  ones  are  now  in 
readiness,  but  not  occupied ;  four  others  for  heavy  guns  in  the  redoubt 
will  also  be  in  readiness  when  supplied  with  pintles  and  traverse  circles.. 

Xo  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 

Appropriation8  asked  for  next  fiscal  year $75,000 

Artesian  well  at  Fort  Monroe^  Virginia^  temporarily  in  charge  of  Lieut. 
Col  Q.  A.  Gillmore,  Corps  of  Engineers. — No  work  was  done  during  the 
last  fiscal  year,  and  none  is  contemplated  during  the  present  fiscal  year 
for  want  of  funds.  The  inadequate  and  uncertain  supply  of  water  at 
Fort  Monroe  is  an  evil  which,  it  is  conceded  on  all  sides,  may  at  any 
time  arise  to  serious  magnitude.  The  present  depth  of  the  well  is  about 
900  feet.  It  is  recommended  that  provision  be  made  to  increase  this 
depth  to  1,200,  or  even  to  1,500,  feet  before  abandoning  the  project  of 
obtaining  a  water-supply  by  this  method. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 16^77. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Wool,  Hampton  Roads,  Virginia,  temporarily  in  charge  of  Lieut, 
Col  Q.  A.  Gillmore,  Corps  of  Engineers. — This  casemated  fortification 
unites  with  Fort  Monroe  in  closing  the  passage  to  Hampton  Koads, 
crossing  its  fire  with  the  guns  of  that  fort. 

Until  approved  projects  for  its  completion  are  devised,  no  further 
work  is  contemplated  than  is  necessary  to  preserve  it  from  injury^ 
Fiftytwo  iron-throated  casemates  of  the  first  tier  are  ready  for  guns, 
and  in  an  emergency  several  15-inch  guns  could  be  advantageously  and 
promptly  mounted  in  barbette. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1B77. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Macon,  Beaufort  Harbor,  North  Carolina,  in  charge  of  Lieut,  Col, 
Q.  A.  Gilhnore,  Corps  of  Engineers. — Situated  at  the  njouth  of  the  har- 
bor and  defending  the  principal  entrance  thereto. 

The  subject  of  the  modification  of  this  work  is  still  under  considera- 
tion. 

During  the  last  fiscal  year  monthly  measurements  have  been  made  of 
the  position  of  the  shore-line  in  the  vicinitj^  of  the  wharf.  These  ob- 
servations show  no  appreciable  change  in  the  beach. 

^0  appropriation  is  asked  for  this  work. 
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Fort  Castcell,  mouth  of  Cape  Fear  Itlver^  Xorth  Carolinaj  in  cluxrge  of 
Lieut,  Col.  Q,  A,  OiUmore^  Corps  of  Engineers, — The  subject  of  the  mod- 
ification of  this  work  is  still  under  consideration. 

Its  location  is  advantageous  for  the  protection  of  one  of  the  entrances 
to  Cape  Fear  River,  and  therefore  one  of  the  approaches  to  the  city  of 
Wilmington. 

There  is  neither  armament  nor  garrison,  nor  quarters  for  a  garrison, 
at  the  place. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Moultrie^  Charleston  Harbor^  ISouth  Carolina^  in  charge  of  Lieut. 
CoL  Q.  A.  Oillmore,  Corps  of  Engineers, — Situated  on  Sullivan  Island  and 
defends  the  principal  entrance  to  the  harbor  of  Charleston. 

During  the  past  fiscal  year  work  has  been  done  mainly  in  the  north- 
west bastion.  The  old  storage  magazine  has  been  remodeled  and  a 
service  magazine,  permanent  platform  and  breast-height  wall  for  gun 
No.  12,  have  been  completed.  The  remainder  of  the  bombproof  along 
the  gorge  face,  75  feet  in  length,  has  been  raised  from  reference  {0')  to 
reference  (5'  6".)  The  postern  front  has  been  completed  and  the  founda- 
tions and  walls  of  the  galleries  leading  to  it  raised  from  reference  (0')  to 
reference  (6'.)  Eight  platforms,  one  permanent  and  seven  timber,  are 
now  in  readiness  for,  but  not  occupied  by,  heavy  guns.  Four  mortars 
are  mounted  in  rear  of  the  fort.  The  laying  of  two  timber  platforms 
now  on  hand  in  place  of  those  occupied  by  light  guns  will  complete  the 
preparation  for  arming  this  work. 

Estimated  cost  of  completing  the  work  885,000.  This  estimate 
includes  the  cover-face  and  the  building  of  eleven  permanent  platforms 
in  place  of  the  eleven  timber  platforms  which  are  now  in  position  in 
the  work,  and  which  were  not  included  in  the  estimate  made  last  year. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1877. 

Appropriation  asked  for  next  fiscal  year $50  000 

Fort  Sumter  J  Charleston  Harbor^  South  Carolina,  in  charge  of  Lieut.  CoL 
Q.  A.  Gillmore,  Corx)s  of  Engineers. — This  work  is  located  on  a  shoal  near 
the  mouth  of  the  harbor,  and  its  guns  command  the  principal  channel  of 
entrance  thereto. 

During  the  past  fiscal  year  the  storage-magazine,  breast-height  walls, 
and  permanent  platforms  for  guns  Xos.  1,  2,  and  3,  front  pintle  for  Xos. 
2  and  3,  and  center  pintle  for  No.  1,  have  been  completed.  The  entire 
scarp-wall  of  northwest  and  gorge  fronts  has  been  coped  with  concrete, 
except  the  opening  left  as  a  passage-way  into  the  fort.  Four  magazine- 
doors  have  been  named  and  seven  riveted  and  huug,  (one  in  each  service 
magazine  in  the  fort.) 

The  eleven  casemates  on  the  north  and  northeast  fronts  have  been 
uncovered,  the  backs  of  the  arches  asphalted,  the  sand  filling  returned, 
and  the  parapet  completed.  The  lintel  and  pediment  for  parade  end  of 
sally-port  gallery,  together  with  the  coping  of  the  wing-walls  and  the 
stone  steps  leading  to  man-holes  of  cisterns  adjoining  the  sally-{>ort, 
have  been  placed  in  position.  The  parapet  on  northwest  front  has  been 
raised  from  reference  (18')  to  reference,  (22',)  and  that  portion  of  the 
parados  in  rear  of  this  front  north  of  barbette-service  magazine  from 
reference  (14')  to  reference,  (28'.) 

Four  platforms,  one  timber  and  three  permanent,  for  heavy  guns,  are 
ready,  but  not  occupied.  The  replacing  of  two  platforms  now  occupied 
by  light  guns,  by  heavy  timber  platforms,  which  are  on  hand,  would 
make  the  work  read  v  for  its  armament.    The  eleven  casemates  ou  north- 
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east  front  aie  armed.    The  eight  casemates  on  northwest  front  are  now 
ready  for  their  guns,  except  traverse  circles. 

Estimated  cost  of  completing  the  work,  $65,000.  This  estimate 
iaclades  the  building  of  seven  permanent  platforms  in  the  place  of  the 
seven  timber  platforms  which  are  now  in  position  in  the  work  and  which 
were  not  incladed  in  the  estimate  made  last  year. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

AppropriatioQ  asked  for  next  fiscal  year • ^40,000 

Fort  Johnson,  Charleston  Harbor,  South  Carolina,  in  charge  of  Lieut 
Col  Q,  A.  Gillmore,  Corps  of  Etigineers, — This  fort,  situated  on  James 
Inland,  is  one  of  the  works  in  the  system  of  defense  of  Charleston  Harbor. 

]Xo  operations  were  caiTied  on  at  this  work  during  the  past  fiscal 
year.  The  approved  project  for  reconstructing  this  old  work  contem- 
])lates  making  of  it  a  battery  for  eight  pieces  of  heavy  ordnance,  four 
mortars  and  four  guns.  Its  commencement  and  completion  during  the 
next  fiscal  year  is  recommended. 
Four  13inch  mortar  platforms  are  on  baud,  ready  to  be  laid. 

Xo  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1677. 
Xo  »ppropriation  asked  for  next  fiscal  year.  ' 

Castle  Pinckney,  Charleston  Harbor,  ISouth  Carolina,  in  charge  of  Li^ut, 
Col.  Q,  A,  Gillmore,  Corps  of  Engineers, — This  work,  situated  on  an 
i?4land  near  the  city  of  Charleston,  is  one  of  the  works  in  the  system  of 
defense  of  the  harbor. 

No  o{>erations  were  carried  on  at  this  work  during  the  past  fiscal 
year.  An  appropriation  is  required  to  adapt  it  to  the  reception  of  10- 
inch  smooth-bore  guns  or  corresponding  rifles,  to  be  mounted  in  barbette. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Jackson,  Savannah  River,  Georgia,  in  charge  of  Lieut,  CoL  Q,  A, 
Gillmore,  Corps  of  Engineers. — This  work  forms  the  inner  line  of  defense 
for  the  city  of  Savannah. 

During  the  past  fiscal  year  a  service  traverse-magazine  has  been  built 
between  guns  3  aud  4  of  the  barbette  battery.  Five  guns  are  in  posi- 
tion, bat  they  are  not  of  the  calibers  contemplated  in  the  approved  pro- 
ject, and  cannot  be  efficiently  served  without  a  completion  of  the  work. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  1877. 

Appropriation  asked  for  next  fiscal  year §8,000 

Fort  Pulaski,  mouth  of  Savannah  River,  Georgia,  in  charge  of  Lieut.  Col. 
Q.  A.  Gillmore,  Corps  of  Engineers. — This  is  the  principal  work  for  the 
defense  of  Savannah  on  the  outer  line  of  the  system. 

During  the  past  fiscal  year  the  entire  demilune  was  completed  in  ac- 
cordance with  the  approved  plan,  except  the  retaining  wall  in  demilune 
sally-port  and  the  filling  immediatelj*  behind  it.  This  wall  was  com- 
pleted during  the  fiscal  year  ending  June  30, 1875,  but  was  not  found 
sufficiently  strong  to  bear  the  thrust  of  the  filling  behind  it,  owing  to 
the  unstable  nature  of  the  material  in  which  the  piles  were  driven.  It 
was  finally  taken  down,  the  piling  strengthened,  and  the  wall  rebuilt, 
which  is  now  complete  except  coping. 

The  modification  of  the  main  work  in  accordance  with  the  approved 
designs  was  commenced.  The  new  piers  on  the  north  front,  numbered 
from  the  northwest  bastion,  have  been  raised  to  the  following  heights: 
Those  opposite  ^N'os.  2,  3,  and  4,  to  reference  (11'  6" ;)  opposite  !N^os.  5 
and  6,  to  reference  (7';)  and  opposite  No.  7,  to  reference  (2'.)  Esti- 
mated cost  of  completing  the  work,  $235,000. 

^^0  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

Appropriation  a^ked  for  next  fiscal  year 4^75,000 
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New  fort  on  Tyhee  Island^  mouth  of  Savannah  iJtrer,  Georgia^  in  charge 
of  Lieut  Col.  Q.  A,  Oillmore^  Corps  of  Engineers, — Plans  for  the  defensive 
works  to  be  constrncted  on  the  north  point  of  Tybee  Island  have  been 
completed,  and  it  is  proposed  to  commence  their  constraction  whenever 
funds  are  available. 

No  appropriation  for  the  work  has  yet  been  made. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Clinch^  Amelia  Island^  Florida^  in  charge  of  Lieut  Col.  Q.  A,  Qilh 
more.  Corps  of  Engineers. — This  work  defends  the  entrance  into  Cumber- 
land Sound,  and  is  in  an  unfinished  condition. 

No  operations  were  carried  on  at  this  work  during  the  past  fiscal  year, 
its  modification  being  still  under  consideration. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30|  1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Marion,  Saint  Augustine,  Florida,  in  charge  of  Lieut.  Col.  Q.  A. 
Oillmore,  Corps  of  Engineers. — This  work  defends  the  harbor  and  city 
of  Saint  Augustine. 

During  the  last  fiscal  year  a  temporary  roof  of  scantling  and  boards, 
covered  with  felt,  was  constructed  over  the  terreplein  of  the  north  front 
and  a  privy  was  built,  all  for  the  accommodation  of  the  Indian  prison- 
ers or  hostages  confined  in  the  work.  One  casemate  on  the  south  front 
was  put  in  order  for  a  guard-room,  and  a  break  in  the  retaining-wall  at 
the  foot  of  the  glacis,  on  the  north  side,  was  repaired.  These  alterations 
and  repairs  were  made  from  the  appropriation  for  contingencies  of  forti- 
fications, at  a  cost  of  $1,394.03. 

No  appropriation  is  asked  for  this  work. 

Fort  Taylor  and  batteries,  Key  ^Vest,  Florida^  in  charge  of  Maj.  Jared 
A.  Smithy  Corps  of  Engineers.-'This  work  is  for  the  defense  of  the  im- 
portant harbor  of  Key  West. 

During  the  past  fiscal  year,  all  the  bricks  and  movable  materials  have 
been  transferred  from  the  towers  to  the  batteries  and  warehouses.  One 
mile  of  the  railroad  has  been  removed  and  the  materials  stored.  The 
hurricane  of  1875  occasioned  such  damages  to  the  southwest  portion  of 
cover-face  and  other  parts  as  to  necessitate  the  expenditure  of  re- 
maining funds  in  reconstructions  and  repairs.  A  brea<;h  150  feet  in 
length,  about  600  cubic  yards,  was  made  in  the  sea-wall,  drains  were 
filled  with  dirt,  and  fences  and  water-conductors  were  broken  down. 
These  have  all  been  put  in  good  order,  and  other  parts  of  sea-wall  have 
been  repaired.  This  has  included  the  laying  of  603  cubic  yards  of  con- 
crete, 228  cubic  yards  of  granite,  and  the  wheeling  and  embanking  of 
1,469  cubic  yards  of  sand  and  small  stone.  Sixteen  hundred  and  forty* 
four  linear  feet  of  water-gutters  have  been  repaired  and  painted,  and 
1,596  linear  feet  of  board-fence  built  for  protection  of  south  battery. 
The  concrete  portions  of  wall  below  water  were  laid  in  bags,  without 
being  previously  wet,  each  layer  being  well  rammed.  This  entire  repair 
has  been  done  with  such  implements  as  could  be  improvised,  and  with 
the  laborers  most  of  the  time  to  their  waists,  or  deeper,  in  water.  No 
work  has  been  done  on  the  sand-batteries.  The  designs  for  batteries 
have  been  considerably  modified,  so  that  the  guns  may  be  protected 
singly  instead  of  in  pairs.  This  rieduces  the  emplacements  in  south  bat- 
tery to  14,  and  in  north  battery  to  8. 

The  heavy  guns  now  in  these  batteries  and  main  work  are  on  wooden 
platforms,  which  are  becoming  unserviceable,  and  should  be  permanently 
rebuilt.    The  long  bridge,  forming  the  only  communication  with  the  main 
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work,  must  soon  fall  nnless  rebuilt,  and  considerable  other  work  is  re- 
qaired,  for  which  a  large  appropriation  is  greatly  needed. 

At  the  martello  towers,  to  prevent  intrasioti  and  depredations,  the 
entraDces  and  embrasures  have  been  closed  with  strong  shutters,  and 
watchmen  have  been  employed  as  fort-keepers.  The  movable  property 
requiring  care  has  been  placed  in  warehouses  of  Fort  Taylor. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

Appropriation  asked  for  next  fiscal  year $75,000 

Fort  Jefferson^  Garden  Key^  Tortiigas,  Florida^  in  charge  of  Maj,  Jared 
A,  Smithj  Corps  of  Engineers. — The  guns  of  this  work  perfectly  com- 
mand the  admirable  harbor  lying  in  the  heart  of  this  groap  of  keys. 

No  appropriation  being  available  for  construction,  the  expenditure  has 
been  confined  to  care  of  public  property  and  buildings. 

All  the  property  has  been  moved,  completely  stored,  and,  as  far  as 
possible,  put  in  order.  Windows  of  barracks  and  quarters  have  been 
closed  with  temporary  wooden  shutters. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  1877. 

Appropriation  asked  for  next  fiscal  year $25,000 

Fort  PickenSn  Pensacola  Harbor^  Florida^  in  charge  of  Capt.  A.  -A'.  Bam- 
rellj  Corps  of  ^Engineers, — This  work,  with  Port  Barrancas  and  tlie  pro- 
posed new  batteries  near  the  site  of  Fort  McEee,  constitute  the  defenses 
to  the  town  and  harbor  of  Pensacola  and  to  the  navy -yard  at  Warring- 
ton. 

Daring  the  past  fiscal  year,  quarters,  store-houses,  blacksmith- shop, 
and  wharf  were  repaired.  A  new  stable,  mess-hall,  and  kitchen  were 
built.  A  railroad-track  was  laid.  Four  cars  were  built.  Two  derricks 
were  made  and  raised.  The  modifications  of  bastion  0  were  completed 
according  to  the  approved  plan  of  the  Board  of  Engineers  for  Fortifica- 
tions, with  the  exception  of  the  stone  center-pintle  platform,  and  work 
was  commenced  on  the  modifications  of  bastion  D. 

During  the  present  working  season  it  is  expected  to  finish  bastion  D. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1877. 

Appropriation  asked  for  next  fiscal  year...* J75, 000 

Fort  Barrancas  and  redouhtj  Pensacola  HarboTj  Florida^  in  charge  of 
Capt.  A,  2f,  Damrell^  Corps  of  Engineers. — Xo  changes  have  been  made 
in  this  work  during  the  last  fiscal  year,  operations  having  been  restricted 
to  those  necessary  for  the  proper  care  and  preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  McRfCj  Pensacola  Rarbor,  Florida,  in  charge  of  Capt.  A.  N.  Dam- 
rell,  Corps  of  Engineers. — The  condition  of  this  work  is  about  the  same 
as  at  the  date  of  the  last  annual  report.  No  work  was  done  during  the 
past  fiscal  year,  and  none  contemplated  for  the  present. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

Appropriation  asked  for  nest  fiscal  year $50,000 

Fort  Morgan^  eastern  entrance  to  Mobile  Bay,  Alabama^  in  charge  of  Capt. 
A.  y,  Damrellj  Corps  of  Engineers. — This  work,  with  Fort  Gaines  on  the 
western  side  of  the  entrance,  forms  the  outer  line  of  defense  to  the  har- 
bor and  city  of  Mobile. 

During  the  past  fiscal  year,  quarters,  kitchen,  mess-hall,  stables,  and 
railroad-track  to  the  wharf  were  repaired.  Two  thousand  six  hundred 
and  eighty-seven  feet  of  new  railroad-track  and  four  cars  were  built. 
Parados,  parapet,  breast-height  wall,  and  foundation  for  the  gun-plat- 
form for  gun-position  Xo.  1,  service-magazine  for  the  battery,  breast- 
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height  wall,  foundatioD  for  ganplatforin,  and  portion  of  the  parapet  for 
gun-position  No.  2,  were  completed. 

No  appropriation  was  made  for  the  fiscal  yeir  ending  June  30,  1877. 

Appropriation  asked  for  next  fiscal  year $75,000 

Fort  Gaines^  Dauphin  Island,  Mobile  Bay,  Alabama,  in  charge  of  Capt. 
A.  N,  Damrell,  Corps  of  Engineers, — Operations  during  the  year  were 
confined  to  the  care  of  public  property.  The  condition  of  this  work 
remains  the  same  as  last  year. 

No  appropriation  was  made  for  tbe  fiscal  year  ending  June  30,  1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  on  Ship  Island,  coast  of  Mississippi,  in  charge  of  Capt.  A,  K.  Dam- 
reU,  Corps  of  Engineers, — This  work  affords  shelter  to  light-draught  ves- 
sels moving  in  Mississippi  Sound. 

During  the  last  fiscal  year  the  stone  flagging  in  this  fort  (272  square 
yards)  has  been  completed,  the  store-house  and  fort-keeper's  quarters 
have  been  put  in  good  repair,  and  all  iron-work  and  other  property  ex- 
posed to  the  weather  has  been  properly  stored.  This  work  was  done 
under  the  allotment  from  the  appropriation  for  contingencies  of  fortifi- 
cations. 

No  preparations  have  been  made  or  are  intended  for  any  change  iu 
the  armament. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  PiJce,  Bigolets  Pass,  Louisiana,  in  charge  of  Captl  C,  W.  Howelly 
Corps  of  Engineers, — This  work  commands  the  passage  by  vessels  draw- 
ing 7  feet  or  less,  through  the  Rigolets,  into  Lake  Pontchartrain,  and  to 
the  wharves  on  the  lake  front  of  Kew  Orleans.  Projects  for  its  modifi- 
cation, in  accordance  with  the  approved  system,  were  approved  in  1870, 
and  detailed  estimates  of  the  cost  of  the  proposed  modifications  made. 

During  the  past  fiscal  year  operations  have  been  confined  to  necessary 
repairs  for  the  preservation  of  the  work. 

No  appropriation  was  made  for  tbe  fiscal  year  ending  June  30,  l'^77. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Macomb,  Chef  Mentewr  Pass,  Louisiana,  in  charge  of  Capt.  C.  W. 
Howell,  Corps  of  Engineers. — This  work  commands  the  passage  by  ves- 
sels drawing  4 J  feet  or  less,  through  the  Bayou  Chef  Menteur,  into  Lake 
Pontchartrain,  and  the  road  along  Geutilly  Eidge,  to  the  city  of  New 
Orleans. 

During  the  past  fiscal  year  operations  have  been  limited  to  repairs 
necessary  for  the  preservation  of  the  work. 

No  appropriation  was  made  for  th»^  fiscal  year  ending  June  30,  1877. 
No  appropriation  asked  lor  next  fiscal  year. 

Toicer  Dupre's,  Lal'C  Borgne,  Louisiana,  /n  charge  of  Capt.  C,  W.  How- 
ell,  Corps  of  Engineers, — This  old  work  is  situated  at  the  entrance  of 
Bayou  Dupre's  into  Lake  Borgne. 

During  the  past  fiscal  year  operations  were  confined  to  such  slight 
repairs  as  were  necessary  for  the  care  and  preservation  of  the  work. 

No  appropriation  was  made  for  tbe  fiscal  year  ending  June  30,  lj^77. 
No  appropriation  asked  fur  next  fiscal  year. 

Battery  Bienvenue,  Lalce  Borgne,  Louisiana,  in  charge  of  Capt.  C,  W* 
Eoicell,  Corps  of  Engineers. — This  battery  is  situated  at  the  junction  o^ 
two  branches  of  the  Bayou  Bienvenue,  about  three  miles  from  its  mouth. 

A  keeper  was  retained  at  this  work  during  the  year,  and,  with  occa- 
sional assistance,  kept  the  work  and  its  buildings  in  fair  condition,  and 
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also  kept  the  surrounding  sea-marsh  cleared  so  as  to  prevent  danger 
trom  marsh  fires.  The  battery  and  buildings  have  settled  so  as  to  be 
flooded  during  more  than  ordinary  tides. 

Xo  appTopriation  was  made  for  the  fiscal  year  ending  June  30, 1377. 
No  appropriation  asked  for  next  fiscal  year. 

Toicer  at  Proctorsville^  Lake  Borgiie^  Loumana^  in  charge  of  Capt,  C. 
W,  Hoicell,  Corps  of  Engineers. — No  work  was  done  during  the  past  fis- 
cal year,  except  that  performed  by  the  fort-keeper. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 
No  appropriation  asked  for  next  fisoal  year. 

Fori  Jackson^  Mississippi  River ^  Louisiana^  in  charge  of  Capt  C.  ir. 
HowelU  Corps  of  Engineers, — This  work,  and  Fort  Saint  Philip,  nearly 
opposite,  are  situated  on  the  Mississippi  River,  about  65  miles  below  New 
Orleans,  and  are  the  most  important  of  those  guarding  the  approaches 
to  New  Orleans. 

Operations  during  the  past  fiscal  year  consisted  in  making  sally-port 
to  connect  lower  battery  with  lower  covered- way  battery;  in  providing 
material  for  two  center-pintle  granite  platforms ;  preparing  foundations 
for  these ;  setting  a  portion  of  the  granite  blocks,  cutting  stone  for  their 
permanent  breast-height  wall,  and  partially  erecting  the  latter;  in  raising, 
bonneting,  and  resodding  magazine-traverses;  in  repairing  slopes  of 
parapet,  levees,  roads,  buildings,  and  casemates,  and  general  police  of 
the  work. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

Appropriation  asked  for  next  fiscal  year r |25, 000 

During  the  next  fiscal  year  it  is  proposed  to  complete  the  permanent 
platforms,  with  their  breast- height  walls ;  enlarge  the  opening  on  the 
lower  covered- way  battery,  and  construct  a  bridge  across  the  moat  be- 
tween the  two ;  take  up  and  relay  railroad-track,  so  as  to  better  facilitate 
the  movement  of  materials  and  armament  into  the  fort;  construct  as 
much  i)ermanent  breast-height  wall,  to  replace  wooden  wall,  as  the  bal- 
ance of  appropriation  will  permit. 

Fort  Saint  Philip,  Mississippi  River,  Louisiana,  in  charge  of  Capt.  C* 
W.Houcelly  Corps  of  Engineers. — During  the  past  fiscal  year  three  maga- 
zines were  built  and  three  traverses  completed  up  to  the  crown  of  the 
arches;  foundation  of  sally-port  was  completed  and  weighted;  two 
wooden  platforms  were  put  down ;  foundations  prepared  for  two  per- 
manent platforms,  and  excavations  made  for  seven  more.  The  wharf 
was  extended  32  feet  and  repaired ;  a  brick  drain  was  built  for  drainage 
of  magazine  in  northeast  battery.  The  military  reservation  was  resur- 
veyed,  and  the  boundary-line  marked  with  stone  monuments. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1877. 

Appropriation  asked  for  next  fiscal  year $25,000 

Daring  the  next  fiscal  year  it  is  proposed  to  complete  the  three  maga- 
zine-traverses in  upper  battery ;  complete  sally-port  and  traverse ;  pro- 
vide and  put  down  as  many  permanent  platforms  and  construct  as  much 
permanent  breast-height  wall  as  the  appropriation  will  permit. 

Fort  Limngston^  Barataria  Bay,  Louisiana,  in  charge  of  Capt,  C.  W. 
Howell,  Corps  of  Engineers. — This  barbette- work  is  situated  on  the  west- 
ern end  of  Grand  Terre  Island,  at  the  entrance  to  Barataria  Bay.  It 
guards  the  only  approach  to  New  Orleans  by  vessels  drawing  7  feet  or 
le,S8,  available  on  the  west  side  of  the  Mississippi  Ei  ver.  It  also  secures 
a  safe  anchorage  and  harbor  of  refuge  for  our  own  light-draught  coast- 
ers in  time  of  war. 
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Dariug  the  past  fiscal  year  no  operations  have  been  carried  on,  except 
for  the  care  and  preservation  of  the  work. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1877. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  at  Fort  Point,  entrance  to  San  Francisco  Sarbor^  California^  in 
charge  of  Lieut  Col.  C,  8.  Stetcart,  Corps  of  Engineers, — This  is  one  of 
the  principal  works  for  the  defense  of  the  entrance  to  the  harbor  of  San 
Francisco,  through  the  Golden  Gate,  the  approaches  to  this  entrance 
and  the  inner  waters  of  this  passage.  The  breast-height  walls  for  six 
heavy  guns  hav^  been  completed,  and  the  concrete  foundations  for  two 
heavy-gun  platforms  put  in  place.  A  drain  has  been  constructed  at 
south  end  of  battery  6 — 7.  In  all,  making  475^  cubic  yards  of  masonry. 
There  have  been  embanked  in  parapets  and  traverses  8,365  cubic  yards 
of  earth,  and  there  have  been  placed  on  the  slopes  3,777  square  yards 
of  sodding.  The  doors  have  been  finished  and  hung  in  seven  traverse- 
magazines.  The  usual  miscellaneous  repairs  of  buildings,  bulkheads, 
fences,  roads,  &c.,  have  been  made. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  1877. 

Appropriation  asked  for  next  fiscal  year $60, 000 

Fort  at  Lime  Pointy  San  Francisco  Harbor,  California,  in  charge  of  Maj. 
George  H,  Mendell,  Corps  of  Engineers, — This  fort,  with  its  detached 
earthen  barbette  works,  at  Point  Cavallo,  Lime  Point  Ridge,  and  Grav- 
elly Beach,  constitute  the  defenses  of  the  entrance  to  the  harbor  of  San 
Francisco,  on  the  northern  shore  of  the  Golden  Gate. 

No  new  battery  was  begun  during  the  year,  but  operations  were  con- 
fined to  placing  hoods  on  the  traverses  at  Point  Cavallo  battery,  and  to 
repairs  at  the  Ridge  and  Gravelly  Beach  batteries,  together  with  essen- 
tial repairs  to  the  roads  and  to  the  breakwater. 

The  platform  spaces  between  the  timbers  at  Gravelly  Beach  were 
filled  with  concrete,  consuming  98  yards.  The  platforms  were  painted 
and  the  terreplein  graded.  The  parapet  of  one  of  the  guns  at  the  Ridg^ 
battery,  where  there  is  a  heavy  filling,  having  settled,  2,100  yards  of 
material  was  added.  No  platforms  were  laid  in  this  battery,  but  the 
timbers  for  five  wooden  platforms  were  prepared  for  laying. 

The  hoods  and  adjacent  portions  of  parapets  and  slopes  in  the  Point 
Cavallo  battery  were  sodded.  Four  thousand  yards  of  earthwork  and 
2,535  square  yards  of  sodding  were  laid  on  the  hoods  and  parapets  of 
the  batteries. 

To  complete  these  three  batteries,  there  remain  to  build  7  breast-height 
walls  in  Point  Cavallo  battery  and  to  lay  17  platforms.  In  the  Ridge 
battery,  5  platforms  remain  to  be  laid. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1877. 

Appropriation  asked  for  next  fiscal  year §30,000 

Fort  on  Alcatraz  Island,  San  Francisco  Harbor ^  California,  in  charge  of 
Maj,  George  H.MemMl,  Corpsof  Engineers, — This  work  occupies  a  valuable 
position  for  the  defense  of  the  entrance  to  and  the  inner  waters  of  the 
harbor  of  San  Francisco,  covering  the  whole  of  a  rocky  island,  the  shores 
of  which  rise  abruptly  from  the  water  to  a  height  sufficient  to  secure  it 
from  surprise.  The  fortifications  have  from  their  inception  consisted 
chiefly  of  open  barbette  batteries  for  the  heaviest  guns. 

Two  magazines  and  bomb-proofs  h^ve  been  built  during  the  year. 
One  has  been  covered  and  sodded  and  the  other  nearly  covered.  Three 
adjacent  wings  of  the  breast-height  wall,  necessary  to  sustain  the  hoods 
of  the  traverses,  have  been  built.  A  part  of  the  sewer  from  the  defen- 
sive barrack  was  rebuilt,  it  having  been  broken  in  the  excavation  for  one 
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of  the  magazines.  Two  drains  in  batteries  10  and  12  were  also  built  or 
extended.    The  wharf  was  repaired  with  new  piles. 

The  principal  items  of  work  done  in  the  past  year  are  as  follows, 
namely:  Excavation,  30,360  cubic  yards;  sodding,  876  square  yards; 
])!astering,  1,331  square  yards;  brick  masonry,  9  yards,  and  concrete, 
1,150  yards. 

The  operations  of  the  present  fiscal  year  will  be  mainly  in  excavation 
by  prisoners  under  charge  of  a  kind  overseer. 

No  appropriation  was  made  for  the  fiscal  year  eudiDg  June  30,  1877. 

Appropriatiou  asked  for  next  fiscal  year $50,000 

Batteriesat  Point  San  Jos^,  San  Francisco  Harbor j  California,  in  charge  of 
Lieut  Col.  C.  S.  Steicart,  Corps  of  Engineers, — These  temporary  batteries 
are  in  an  unserviceable  condition ;  the  timber  platforms  and  revetments 
and  timbers  of  the  magazines  are  rotten  and  falling  to  pieces.  No  work 
was  done  during  the  past  fiscal  year  and  none  is  contemplated  daring 
the  present  year. 

Batteries  on  Angel  Island,  San  Francisco  Harbor,  California,  in  charge  of 
Lieut  Cot  C,  S.  Stewart,  Corps  of  Engineers, — These  three  temporary  earth- 
works, constructed  during  the  late  war,  are  essentially  unserviceable; 
the  platforms  are  decayed,  and  most  of  the  carriages  have  been  con- 
demned. It  is  not  intended  to  commence  the  construction  of  batteries 
of  a  permanent  character  projected  to  replace  them  until  more  advanced 
points  of  the  exterior  line  of  defense  are  fortified. 

Fort  at  San  Diego,  Cat,  in  charge  of  lAeut,  Col,  C  S,  Steicart,  Corps  of 
Engineers. — This  work  is  situated  on  Ballast  Point,  near  the  month  of 
the  bay  and  harbor  of  San  Diego,  and  commands  the  channel  of  entrance 
thereto. 

No  work  was  done  at  this  work  during  the  past  fiscal  year,  there  hav- 
ing been  no  appropriation  ma^e  therefor.  A  watchman  was  employed 
throQgliout  the  year  to  care  for  the  work  and  public  property  pertaining 
thereto.    The  work  and  property  are  in  fair  condition. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  1)0, 1S77. 

AppropriaCi<m  asked  for  next  fiscal  year $50,000 

Defenses  of  the  month  of  the  Columbia  River,  Oregon,  in  charge  of  Maj,  N, 
Michler,  Corps  of  Engineers,  until  December  28,  1875  ;  since  that  date  in 
charge  of  Maj.  John  M.  Wilson,  Corps  of  Engineers, — These  defenses  con- 
sist of  Fort  Stevens,  Point  Adams,  Oregon,  on  the  south  side,  and  Fort 
Canby,  Gape  Hancock,  Washington  Territory,  on  the  north  side  of  the 
entrance  to  the  river.  These  works  are  earthen  barbette  batteries,  and 
constitute  the  only  defenses  of  the  mouth  of  the  Columbia  River. 

Fori  Canby. — ^The  three  batteries  require  extensive  repairs ;  two  of 
the  service-magazines  are  unfit  for  use;  the  wooden  revetments  and 
platforms  are  rapidly  decaying ;  the  roads  leading  to  the  batteries  should 
be  repaired.  During  the  past  fiscal  year  the  magazine  of  the  west  bat- 
tery has  been  rebuilt,  two  lOinch-gun  platforms  in  the  east  battery  have 
been  rebuilt,  and  new  revetments  placed  in  front  of  them. 

Fort  Stevens. — ^This  work  is  in  a  very  dilapidated  condition ;  the 
wooden  revetments  have  badly  decayed ;  the  breast-height  walls  have 
given  way  and  the  traverses  are  in  ruins ;  the  platforms  and  magazines 
need  repairs,  and  the  drainage  of  the  ditch  requires  attention.  During 
the  past  fiscal  year  a  new  platform  has  been  constructed  for  the  15-inch 
pin  and  the  revetment  in  front  renewed.  The  revetment  has  also  been 
renewed  in  front  of  one  10-inch  and  three  8-inch  guns,  and  the  earth- 
work adjacent  graded  and  sodded.    Surveys  have  been  made  of  Sand 
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Island,  PoiDt  Adams,  Clatsop  Spit,  and  the  swash  channel,  and  charts 
prepared. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1677. 

Appropriation  asked  for  nest  fiscal  year $20,000 

BOARDS   OF   ENGINEERS. 

The  Board  of  Engineers  for  Fortifications,  stationed  in  New  York  City, 
consisting  of  Col.  J.  G.  Barnard,  Col.  Z.  B.  Tower,  and  Lieut.  Col.  H.  G. 
Wrifijht,  and,  for  the  time  being,  the  oflScer  in  charge  of  the  defenses 
under  consideration,  has,  during  the  past  fiscal  year,  been  chiefly  engaged 
upon  plans  for  casemated  work  with  iron  shields,  to  occupy  the  present 
site  of  Fort  Lafayette,  New  York  Harbor;  for  modification  of  proposed 
exterior  batteries  at  Fort  Taylor,  Florida ;  for  revision  of  proposed  bat- 
teries at  Points  Blunt  and  Knox,  and  Camp  Eeynolds,and  for  occupation 
of  Point  San  Jose,  San  Francisco  Harbor,  California ;  for  modification  of 
proposed  batteries  for  defense  of  Dutch  Island,  Khode  Island;  for  bat- 
tery for  defense  of  Tybee  Eoads,  at  the  mouth  of  the  Savannah  River, 
Georgia;  and  for  barracks  at  Fort  Monroe,  Virginia. 

Reports  have  also  been  made  upon  the  following  subjects :  Of  repairs  of 
injuries  to  the  cover-face  of  Fort  Taylor,  Florida,  and  construction  neces- 
sary to  prevent  its  further  damage  by  storms;  of  proposed  defenses  of 
Galveston,  Tex.;  of  allowing  the  use  of  the  Govertiment  buildings  on 
Cockspur  Island,  or  of  the  site  for  proposed  defenses  on  Tybee  Island, 
Georgia,  for  the  purpose  of  a  naval  station ;  in  reference  to  the  adaptation 
of  the  Gatling-gun  carriage  to  flank  embrasures ;  as  to  the  disposition 
of  a  casemate  shield  on  store  at  Pittsburgh,  Pa. ;  and  of  carriage  recom- 
mended for  the  lOinch  guns  now  being  converted  by  the  Ordnance  De- 
partment into  Sinch  rifles.  Reports  and  drawings  have  been  submitted 
showing  proposed  arrangement  of  torpedo  lines  for  the  harbors  of  Port- 
land, Me.,  Portsmouth,  N.  H.,  Boston,  Mass.,  New  London,  Conn., 
Charleston,  S.  C,  of  Patapsco  River,  Md.,  Newport  Harbor,  R.  I.,  Dutch 
Island,  R.  I.,  Potomac  River,  Md.,  Hampton  Roads,  Ya.,  Savannah  River, 
Ga.,  Pensacola,  Fla.,  Key  West,  Fla.,  and  Mobile  Bay,  Ala.  During 
the  month  of  March,  1876,  Generals  Tower  and  Wright  inspected  the 
defenses  at  Key  West  and  Tortugas,  Fla.,  '*  notes"  of  which  inspection 
were  submitted  May  3.  In  addition  to  the  foregoing,  the  board  has  had 
under  consideration  the  defense  of  the  Hussey's  Sound  entrance  to  Port- 
land Harbor,  Me.,  and  plans  of  batteries  to  command  this  entrance  and 
the  inner  anchorage  are  in  progress. 

TORPEDO    DEFENSE. 

In  this  connection,  Maj.  H.  L.  Abbot,  in  command  of  the  engineer  bat- 
talion and  the  post  of  Willet's  Point,  is  ex  officio  a  member  of  the  boards 
and  the  executive  officer  b^'  whom  the  experiments  have  mainly  been 
made  and  the  details  of  our  system  worked  out. 

In  the  last  annual  report  so  complete  a  general  summary  of  the  scope 
of  the  trials  now  making  for  the  development  of  the  torpedo  as  an 
auxiliary  in  harbor  defense  was  given,  that  it  is  only  needful  here  to 
refer  to  that  paper,  and  to  recapitulate  the  progress  made  during  the 
past  year. 

Experiments  with  the  iron  target  have  been  continued  with  results 
which  may  be  briefly  summed  up  as  follows:  Five  shots  were  fired,  viz,. 
50  pounds  of  dynamite  30  feet  below  the  bottom  of  target  and  o  feet 
horizontally  from  one  of  its  angles ;  75  pounds  30  feet  below  the  bottom 
and  8  feet  horizontally  from  an  angle;  100  pounds  in  a  position  similar 
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to  the  last;  100  pounds  30  feet  below  the  bottom  and  vertically  under 
an  edge ;  and,  lastly,  100  pounds  20  feet  below  the  bottom  an^. vertically 
nnder  another  edge.  The  last  shot  sunk  the  target,  and  when  it  was 
raised  and  examined,  the  whole  structure  was  found  to  be  so  weakened 
that  extensive  repairs  have  been  necessary.  The  plug  indications  have 
been  of  a  character  to  give  much  valuable  data  concerning  the  several 
shots,  as  has  been  already  reported  in  detail.  The  target  has  been  put 
in  perfect  order  and  the  trials  will  soon  be  resumed. 

The  experiments  with  the  torpedo-crate  have  been  brought  to  a  suc- 
cessful termination,  as  follows :  30  pounds  of  dynamite  were  exploded 
without  doing  any  injury  except  deeply  corrugating  the  buoys.  Fifty 
pouDils  collapsed  the  latter,  as  was  expected,  letting  crate  down;  but  it 
was  raised  uninjured.  It  was  then  placed  en  the  bottom,  in  19  feet  of 
water,  and  40  pounds  exploded  without  injury.  It  was  again  placed  on 
the  bottom,  in  13  feet  of  water,  and  100  pounds  were  exploded,  eft'ectually 
breaking  up  the  apparatus.  In  all  these  shots  the  plugs  were  safely  re- 
covered, and  their  indications,  in  connection  with  those  of  former  shots, 
supply  all  the  data  which  the  experiments  were  designed  to  secure. 

A  series  of  severe  trials  of  torpedo-cases  to  determine  their  strength 
to  resist  the  blows  of  large  steamers  moving  at  high  rate  of  speed  have 
been  carried  out  with  very  satisfactory  results.  All  parts  of  the  system 
perfectly  fulfilled  their  functions.  The  exact  time  of  each  blow  was 
antomatically  recorded,  and  the  guard  was  electrically  notified  not  only 
of  each  contact,  but  also  whether  it  caused  any  injury. 

Experiments  directed  to  improving  the  manufacture  of  the  cases  have 
proved  successful,  and  all  bolts  and  nuts  are  now  avoided  in  their  con-- 
struction.  A  perfect  disconnecter  has  been  devised  by  Major  Abbot, 
who  has  also  improved  his  circuit-closer,  so  that  without  extra  expense 
it  serves  now  equally  well  as  a  circuit-breaker.  Many  severe  tests  have 
shown  it  to  combine  certainty  of  action  with  great  simplicity  and  trifling 
cost. 

A  ground  torpedo,  rendered  unserviceable  bj'  a  crack,  was  planted  in 
the  autumn,  charged  with  200  pounds  of  dynamite.  After  remaining 
submerged  for  six  months,  with  the  charge  thoroughly  wet,  and  most  of 
the  time  frozen,  it  was  fired  with  tremendous  effect  on  the  first  trial,  the 
temperature  of  the  water  being  still  below  the  freezing-point  of  nitro- 
glycerine. 

Several  new  forms  of  battery  have  been  subjected  to  careful  measure- 
ments, with  valuable  results,  and  much  other  laboratory  investigation 
has  been  successfully  carried  out.  Incidentally,  the  general  theory  of 
simultaneous  ignition  of  mines  has  received  a  mathematical  and  expe- 
rimental study,  which  has  developed  the  principles  which  should  govern 
the  engineer  in  arranging  the  connections  and  determining  the  mini- 
mum battery-power.  The  value  of  this  investigation  for  many  works  of 
internal  improvement  is  apparent. 

Good  progress  in  preparing  the  Torpedo  Manual  has  been  made  by 
Major  Abbot,  and  it  is  expected  that  this  important  work  will  be  com- 
pleted during  the  coming  season. 

In  concliisioD,  the  board  would  repeat  its  opinion,  fully  stated  last 
year,  that  the  system  of  applying  torpedoes  to  harbor  defense  has  now 
reached  so  high  a  degree  of  perfection,  that  it  is  urgently  necessary  to 
provide  a  large  number  of  engineer  soldiers  instructed  in  the  details  of 
its  practical  application  to  our  harbors.  !N^ot  less  than  520  men  should 
be  kept  ready  for  instant  service,  a  number  which  is  considerably  less 
tliau  the  legal  organization  of  the  battalion,  although  larger  than  the 
force  now  authorized  to  be  kept  in  service. 
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For  continaing  tbe  parchase  of  such  parts  of  the  torpedo-material  as 
can  not  su^enly  be  procured  iu  case  of  war,  an  appropriation  of  $150,000 
is  recommended. 

The  Board  of  Engineers  for  the  Pacific  Coast  during  the  past  fiscal 
year  has  consisted  of  Lieut  Col.  B.  8.  Alexander,  Lieut  Ool.  G.  S. 
Stewart,  aud  Maj.  George  H.  Mendell.  Lieut  Gol.  B.  S.  Williamson 
was  assigned  as  a  member  of  this  board  by  special  orders  No.  6,  dated 
Headquarters  Corps  of  Engineers,  Washington,  D.  C,  January  18, 1876, 
and  has  acted  in  that  capacity  ever  since. 

During  the  year  the  board  has  acted  and  reported  upon  consideration 
of  project,  report  and  estimate  for  the  improvement  of  San  Diego 
Harbor;  consideration  of  encroachments  of  Columbia  River  and  the 
sea  on  the  shore  of  Point  Adams,  threatening  the  site  of  Fort  Stevens, 
Oregon ;  report  concerning  sea-wall  at  the  city  of  San  Francisco,  Cal. ; 
consideration  of  and  report  on  the  filling  up  of  the  channels  of  the 
Columbia  River  in  the  vicinity  of  Point  Adams,  Oregon ;  studies  on  the 
subject  of  a  harbor  of  refuge  on  the  Pacific  coast,  and  report  on  tbe 
value  to  the  United  States  of  certain  lands  adjacent  to  San  Diego. 

BATTALION  OF  ENGINEERS  AND  ENGINEER  DEPOTS. 

Battalion  of  engineers,  commanded  by  Ma},  Henry  L.  Abbot,  Corps  of  Engi- 
neers^ headquarters  Willefs  Point,  eastern  entrance  to  Neic  York  Har- 
bor, 

The  strength  of  the  engineer  battalion  on  June  30, 1876,  was  sixteen 
comissioned  officers  aud  two  hundred  and  forty-eight  enlisted  men. 

The  companies  were  stationed  and  commanded  as  follows :  At  Wil- 
let's  Point,  Company  A,  Capt.  James  Mercur ;  Company  B,  First  Lieut. 
J.  B.  Quiun;  Company  0,  Capt.  W.  R.  Livermore;  Company  D,  (a  skele- 
ton  organization,)  First  Lieut.  Edgar  W.  Bass,  battalion  adjutant. 

At  West  Point,  Company  E,  Capt.  O.  H.  Ernst,  also  instructor  in 
practical  engineering  at  the  Military  Academy  and  ex  officio  member  of 
the  academic  board. 

Detachments  have  served  as  follows:  Department  of  the  Missouri, 
three  non-commissioned  officers  and  four  privates ;  Department  of  Dako- 
ta, two  non-commissioned  officers  and  live  privates ;  under  Lieutenant 
Wheeler,  on  the  surveys  of  the  Territories,  two  privates ;  at  the  Centen- 
nial Exposition  at  Philadelphia,  one  commissioned  officer,  three  non- 
commissioned officers,  and  seven  privates. 

Recruiting  has  remained  discontinued,  the  only  exception  being  re- 
enlistments,  and  enlistments  at  West  Point  for  Company  E  to  supply 
vacancies  in  its  numbers.  During  the  year  thirteen  men  were  enlisted, 
thirty-five  were  re-enlisted,  thirteen  deserted,  and  three  were  appre- 
hended from  desertion. 

The  duties  of  the  battalion  have  consisted  in  guarding  the  depot,  and 
remodeling  public  buildings  at  Willet's  Point,  and  receiving  and  issuing 
the  property  as  ordered ;  in  instructing  the  cadets  at  the  Military  Acad- 
emy in  field  engineering,  including  military  signaling ;  in  experiment- 
ally developing  the  details  of  the  torpedo  service,  and  performing  the 
labor  required  to  carry  out  the  approved  project  of  trials  therefor ;  iu 
drilling  in  field  fortification,  military  bridge-making,  field  reconnais- 
sance, photography,  target  practice,  and  infantry  tactics.  The  detach- 
ments in  the  Indian  country  have  been  employed  in  military  map-mak- 
ing, under  the  direction  of  the  officers  of  the  corps  serving  with  tbe 
troops  in  those  departments,  and  their  efficiency  and  usefulness  have 
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received  high  commendation.  During  three  years,  24,014  miles  of  re- 
coDDaissance  have  been  made  and  the  results  mapped  by  these  enlisted 
men  of  engineers. 

The  officers  serving  with  the  companies  have  opportunities  not  only 
to  learn  their  military  duties  in  the  field,  and  in  planting  and  operating 
the  torpedo  defenses  of  the  coast,  but  also  to  acquire  familiarity  with 
many  other  duties  of  the  corps,  such  as  astronomy,  hypsometry,  current 
measorements,  surveying,  &c.  In  fine,  service  with  the  battalion  is 
made  to  take  the  place  of  the  more  formal  schools  of  application  com- 
mon with  other  nations  in  fitting  officers  for  the  wide  range  of  duties 
assigned  to  the  Corps  of  Engineers. 

In  onr  service,  as  in  that  of  Great  Britain  and  other  nations,  the  duty 
of  devising  and  perfecting  a  system  of  torpedo-defense  to  be  used  in 
combination  with  the  forts,  and  of  practically  applying  it  in  case  of  war, 
has  been  assigned  to  the  engineer  troops.  The  legal  organization  of 
the  battalion,  752  enlisted  men,  is  sufficient  to  warrant  a  reasonable  ex- 
pectation that,  with  the  needful  material  in  store,  this  highly  important 
daty  will  be  satisfactorily  performed.  Under  existing  orders  issued  at 
the  recent  reduction  of  the  Army,  the  force  authorized  to  be  kept  in 
service  is  fixed  at  200  men,  a  number  quite  insufficient  to  afford  any 
proper  grounds  for  believing  that  even  our  more  important  sea-ports 
could  be  properly  protected  by  torpedoes  in  time  to  prevent  their  de- 
struction. Every  effort  is  now  making  to  thoroughly  prepare  the  men 
for  these  duties,  which  involve  long  training  and  higher  intelligence 
than  it  is  common  to  find  in  the  ranks.  Individual  records  are  kept 
showing  the  qualifications  of  each  man  as  determined  by  his  instructors 
from  his  regular  drills  and  exercises.  But  still  the  fact  remains  that 
the  force  is  too  small  to  perform  the  responsible  duties  assigned  to  it, 
and  I  therefore  feel  it  my  duty  to  urge  that  the  organization  may  be  re- 
cruited to  520  men,  the  number  judged  to  be  the  minimum  consistent 
with  a  reasonable  state  of  preparation  for  unexpected  hostilities.  This 
number  is  but  little  more  than  two-thirds  of  the  maximum  fixed  by  law, 
and  no  increase  in  the  legal  organization  is,  therefore,  needed. 

Engineer  post  and  depot  at  Willefs  Foint^  Keio  York  Harhor^  com- 
manded by  Maj.  Henry  L.  Ahbot^  Corps  of  Engineers, — Willet's  Point  is 
the  principal  engineer-depot  of  the  Array,  where  are  stored,  ready  for 
issue,  the  torpedo-material  for  the  defense  of  our  coast  ]  the  bridge-trains 
and  equipage  of  the  Army ;  siege  and  mining  tools  ;  surveying  and  as- 
tronomical instruments  for  works  of  internal  improvement  and  military 
reconnaissance  ;  and,  in  general,  all  reserve  supplies  for  the  use  of  the 
engineer  service.  This  property  is  stored  in  suitable  buildings,  and  is 
yarded  and  issued  as  required,  by  engineer  troops. 

The  post  has  become  a  useful  school  of  application,  where  officers  and 
men  have  the  needed  facilities  for  learning  the  practical  details  of  the 
torpedo  service  as  applied  to  the  defense  of  harbors  and  rivers  ;  the 
ordinary  daties  of  engineer  troops  in  campaign,  including  military- 
bridge-making,  field  fortifications,  military  reconnaissance,  field  pho- 
tography, and  infantry  tactics,  and  also  many  of  the  civil  duties  of  the 
corps,  such  as  field  astronomy,  the  measurement  of  currents,  barome- 
tric hypsometry,  the  use  of  surveying  instruments,  etc.,  etc. 

The  general  post  and  depot  buildings  are  completed,  but  a  fire-proof 
huilding  for  use  as  a  torpedo-laboratory  is  greatly  needed.  The  impor- 
tance of  an  economical  use  of  the  funds  appropriated  for  the  torpedo 
service  has  been  steadily  kept  in  view,  and  the  money  has  been  stricty 
applied  to  the  investigations  needful  for  perfecting  the  details  of  the 
apparatus  and  to  the  purchase  of  the  most  essential  articles  for  storage 
3  £ 
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in  case  of  war.  An  old  wooden  carpenter's  shop  was  fitted  up  as  a 
temporary  laboratory  ;  and,  in  fine,  no  expenditures  on  buildings  for 
purposes  of  instruction  or  of  convenient  manipulation  have  been  made. 
Much  valuable  apparatus  has  thus  accumulated,  where  it  is  in  constant 
danger  of  destruction  by  fire.  Winter  instruction  is  restricted  on  ac- 
count of  deficient  accommodations,  and  the  time  has  come  when  ordi- 
nary prudence  requires  that  a  suitable  building  should  be  provided. 
The  project  includes  an  electrical  laboratory,  a  chemical  laboratory,  a 
library-room,  a  galvanometer-room,  a  model  operating  room,  two  tor- 
pedo-museum rooms,  one  public  and  the  other  confidential,  and  a  cellar 
for  storage  of  acids,  &c.  The  estimated  cost  is  $20,000;  and  1  urgently 
request  that  this  amount  may  be  appropriated. 

To  continue  the  torpedo  trials,  inaugurated  to  perfect  the  details  of 
this  most  important  branch  of  sea-coast  defense,  and  (or  training  the 
engineer  troops  in  practically  applying  it,  an  appropriation  of  $10,000 
is  asked. 

For  the  purchase  of  materials  for  instructing  the  engineer  troops  in 
field  engineering,  the  usual  appropriation  of  $1,000  is  asked. 

For  the  incidental  expenses  of  the  depot,  such  as  remodeling  ponton- 
trains,  repairing  instruments,  purchasing  fuel,  forage,  stationery,  chemi- 
cals, extra-duty  pay  for  soldiers  engaged  in  special  skilled  labor,  such  as 
wheelwright  work,  printing,  binding,  photographing,  and  lithographing 
engineer  documents,  &c.,  an  appropriation  of  $3,000  is  needed. 

Eittimate  of  funds  required  for  Battalion  of  Engineers  and  engineer  depot  at  WiUet^s  Point 

X,  Y.J  for  the  fiscal  year  ending  June  30,  1878. 

For  purchase  of  engineer-materials  to  continue  the  present  course  of  instruc- 
tion of  the  battalion  in  field  engineering. ,  .    $1,000 

For  the  incidental  expenses  of  the  depot,  such  as  remodeling  ponton-trains, 
repairing  instruments,  purchasing  fuel,  forage,  stationery,  chemicals,  extra- 
duty  pay  for  soldiers  engaged  in  special  skilled  labor,  such  as  wheelwright 
work,  printing,  binding,  photographing,  and  lithographing  engineer  docu- 
ments, &c 3,000 

To  continue  the  torpedo  trials,  inaugurated  to  perfect  the  details  of  this  most 
important  branch  of  sea-coast  defense,  and  for  training  the  engineer  troops 
in  practically  applying  it 10,000 

For  a  tire-proof  building  for  an  electrical  laboratory,  library-room,  galvanome- 
ter-room, model-torpedo  operating-room,  confidential  torpedo-museum,  public 
torpedo-museum,  chemical  laboratory,  and  cellar  for  storage  of  acids,  &c....  20,000 

Total 34,000 

RIVER    AND    HARBOR    IMPROVEMENT. 

The  "  act  making  appropriations  for  the  repair,  preservation,  and 
completion  of  certain  public  works  on  rivers  and  harbors,  and  for  other 
purposes,"  approved  March  3, 1875,  (Statutes  at  Large,  vol.  18,  part  3, 
page  456,)  provided  for  156  works  of  improvement,  in  sums  varying  from 
$1,000  to  $500,000,  and  amounting  in  the  aggregate  to  more  than 
$6,500,000. 

Including  the  balance  of  previous  appropriations,  the  sum  available 
on  the  1st  of  July,  1875,  for  the  several  works  was  $8,661,575.52.  And 
during  the  fiscal  ^ear  ending  June  30,  1876,  $6,271,009.19  were  ex- 
pended. 

A  brief  account  of  each  work,  together  with  a  money  statement  giv- 
ing an  estimate  of  the  probable  amount  required  for  completion  of  pro- 
iect,  and  also  the  amount  that  can  be  profitably  expended  upon  the 
work  during  the  fiscal  year  ending  June30, 1878,  is  given  below ;  but  for 
a  more  detailed  account  I  beg  to  refer  to  the  reports  of  the  officers  in 
charge,  to  be  found  in  the  appendix. 
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Section  2  of  the  act  required  that  examinations  or  surveys,  or  both, 
be  made  at  forty-six  specified  points  and  localities.  Owing  to  the  lim- 
ited amount  of  funds  it  was  not  practicable  to  make  in  all  cases  such 
surveys  as  are  necessary  for  the  preparation  of  projects  of  improve- 
ment with  detailed  estimates  of  cost,  but  in  each  case  an  examination 
or  general  survey  has  been  made  and  the  results,  as  far  as  received, 
were  submitted  during  the  last  session  of  Congress.  Some  of  these 
reports  were  printed,  but  for  convenience  of  reference  all  are  again  sub- 
mitted, and  may  be  found  in  the  appendix. 

The  act  approved  March  3, 1875,  (Statutes  at  Large,  vol.  18,  part  3, 
page  610,)  for  the  further  security  of  navigation  on  the  Mississippi 
Itiver,  directed  that  an  inquiry  be  made — 

loto  the  expediency  of  causing  shear-booms  to  be  placed  on  the  upper  end  of  all  or 
any  bridge-piers  on  the  Mississippi  River,  for  the  better  secnrity  and  convenience  of 
the  navigation  of  said  river  for  rafts  of  logs  and  timberj  with  spocitic  report  in  each 
caee. 

A  board  of  ofificers  of  the  Corps  of  Engineers  has  been  constituted 
and  ia  now  engaged  upon  the  consideration  of  the  subject.  It  is  ex- 
pected that  the  report  will  be  submitted  daring  the  next  session  of  Con- 
gress. 

Of  the  amounts  appropriated  for  public  works  on  rivers  and  harbors 
by  the  act  approved  August  14,  1876,  certain  allotments  have  been 
made  in  compliance  with  the  instructions  of  the  Secretary  of  War  of 
September  4,  limiting  the  expenditures  under  the  act  to  $2,000,000,  and 
directing  that  no  new  work  of  improvement  should  be  begun. 

The  following  statement  exhibits  these  allotments  in  detail: 


VTork. 


For  the  improTement  of  the  Boston  Harbor, 

MaeucbuBetts. 
For  removiDg  obstmcttons  In  tho  East  River 

sod  Hell  Gate.  New  York. 

For  llie  hnprorement  of  Hudson  River 

For  the  improvement  of  the  Delaware  River 

below  Petty's  Island. 
For  the  improvement  of  the  SchnylkiU  River, 

PeonsjIvsQift. 
For  the  oonstrnotion  of  piers  in  Delaware  Bay, 

near  Lewes,  DeL 

For  the  improvement  of  the  bnrhor  at  Balti- 
moTBiMd. 

For  the  improvement  of  Cape  Fear  River, 
North  Carolina. 

For  the  improvement  of  the  baxbor  at  Charles- 
ton. S.  C. 

For  the  improvement  of  the  harbor  at  Savan- 
nah. Ga. 

Ffft  the  improvement  of  the  mouth  of  the  Mis- 
sissippi River. 

For  8an,'eys  at  South  Paas  of  the  Mississippi 
lUver  Jn  connection  \fith  constmotion  of  }et- 
tifM,  Sec.  by  James  B.  E^s. 

For  oooiinutn^  the  improvement  on  the  outer 
bar  at  Galveston,  Tex. 

For  the  improvement  of  the  Mississippi,  Mis- 
loari,  and  Arkansas  Rivers. 

For  the  improvement  of  the  Mississippi  River 
between  the  moatbs  of  the  Blinoisand  Ohio 
Rivers. 

For  the  improvement  of  the  channel  of  the 
Miasiisippi  Biver  opposite  the  city  of  Saint 
Lonii,  Mo.  _ 

For  the  improvement  of  the  Des  Moines  Rap- 
id*. Mii«is«ippi  River. 

Fw  the  improvement  of  Bock  Island  Rapids, 
MinHiftrippj  Kiver. 


Allotment. 


Remarks. 


120,000 

223,000 

25,000 
35, 000 

15,000 

1,500 

40,000 
110, 000 
5,000 
35,000 
90,000 
15,000 

52,800 

50,000 

121,000 

25,000 

115, 000 
10,000 


Preservatian  of  materials.  An  indispensa- 
ble part  of  the  Delaware  breakwater 
harbor. 


Snagging  and  wrecking  operalions. 
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Work. 


For  the  improvement  of  tLe  Upper  Missis- 
sippi River.       • 

For  tlie  improvement  of  the  Falls  of  Saint 
Anthony,  Minnesota. 

For  the  annual  expense  of  ^auj^ing  the  waters 
of  the  lower  Mississippi,  its  tributaries,  &c. 

For  removing  raft  in  Ked  Elver  and  closing 
Tones  Bayou,  Louisiana. 

For  the  improvement  of  the  Ohio  River 

For  the  improvement  of  the  Tennessee  River. 

For  the  improvement  of  the  Groat  KanawhA 
River,  West  Virginia. 

For  the  improvement  of  the  Illinois  River, 
Illinois. 

For  the  improvement  of  Oakland  Harbor,  Cal- 
ifornia. 

For  the  improvement  of  the  Lower  Willa- 
mette and  Columbia  Rivers. 

For  the  improvement  of  the  Fox  and  Wiscon- 
sin Rivers. 

For  the  improvement  of  the  harbor  at  Green 
Bay,  Wis. 

For  tlie  improvement  of  the  harbor  at  Milwau- 
kee, Wis. 

For  the  improvement  of  the  harbor  at  Chi- 
cago, 111. 

For  the  improvement  of  the  harbor  of  refuge, 
Lake  Huron,  Michigan. 

For  the  improvement  of  the  Saginaw  River, 
Michigan. 

For  the  Improvement  of  the  harbor  at  Toledo, 
Oliio. 

For  a  breakwater  at  Cleveland  Harbor,  Ohio.. 

For  the  improvement  of  iho  harbor  at  Erie, 
Pa. 

For  the  improvement  of  the  harbor  at  Bufifalo, 
N.  T. 

For  the  improvement  of  the  harbor  at  Oswego, 
N.  Y. 

For  the  improvement  of  the  Connecticut  River 
below  Hartford,  Conn. 

For  the  improvement  of  James  River,  Vir- 
ginia. 

For  the  improvement  of  the  Appomattox 
River,  Virginia. 

For  the  improvement  of  the  harbor  at  Da 
Luth,  Minn. 

For  the  improvement  of  the  natural  entrance 
to  Superior  Bay,  Wisconsin. 

For  the  improvement  of  the  harbor  at  Onton- 
agon, M:ich. 

For  the  improvement  of  the  harbor  at  Mar- 
qnotte,  Midi. 

For  tlio  improvement  of  the  harbor  at  Ahna- 
pee.  Wis. 

For  the  iinprovement  of  the  harbor  at  Two 
Rivers,  Wis. 

For  the  improvement  of  the  hai  Dor  at  Manito- 
woc, Wis. 

For  the  invprovement  of  the  harbor  of  She- 
boygan, wis. 

For  the  improvement  of  the  harbor  of 
Calumet,  III. 

For  the  imj)rovement  of  the  harbor  at  White 
River,  l^iich. 

For  the  improvement  of  the  harbor  at  Grand 
Haven,  Mich. 

For  the  improvement  of  the  harbor  at  Sauga- 
tuck,  Mich. 

For  the  improvement  of  the  harbor  at  South 
Haven,  Mich. 

For  the  improvement  of  the  harbor  at  Saint 
Joseph's,  Mich. 

For  the  improvement  of  Au  Sable  River, 
Michigan. 

For  the  improvement  of  the  harbor  at  San- 
dusky City,  Ohio. 

For  the  Imnrovcment  of  the  harbor  at  Ver- 
million, Ohio. 

For  tlie  improvement  of  Fairport  Harbor 
Ohio. 


Allotment 


$10,000 

71,000 

5,000 

35,000 

120,000 
130,000 

15,000 

10.000 

35,000 

20,000 

120,000 

3.000 

5,000 

1.000 

75,000 

11, 000 

22,500 

10,000 
15, 000 


45.000 

25,000 

20,000 

40,000 

15,000 

6,000 

500 

1,000 

1.000 

1.000 

1,000 

5,000 

3,000 
1,000 

1.000 

15,000 

1,500 

3,500 

8,000 

1,000 

12.500 

1,000 

5,000 

Remarks. 


Muscle  Shoals,  $1 15,000.    Upper  Tcunci>> 
see.  $15,000. 


Indispensable  to  protect  the  work. 
Repair  of  piers  to  protect  the  work. 


Indispensably  necessary    to   protect   the 

piers. 
Indispensably  necessary  to  protect    the 

work. 
Indisponsablv  necessary  to   protect    the 

work,  and  for  the  safety  of  navigation. 
Indispensable  to  protect  the  breakwater. 

Indispensable  to  protect  the  work  and  for 
the  safety  of  navigation. 

Indispensable  to  protect  the  work  and  for 
the  safety  of  navigation. 

Indisponsaule  to  protect  the  work — har- 
bor of  refuge. 

Indispensably  necessary  to  protect  the 
work. 


Repairs  indispensably  necessary  to  pre- 
serve the  pier. 

Essential  for  the  preservation  of  the  chan- 
nel of  entrance  and  for  the   safety  ot 
navigation. 
To  secure  work  already  done— the  south 
pier. 

To  repair  north  pier  and  prevent  materia 
liyury  to  it. 

For  the  preservation  of  the  piers  and  har 
bor. 

For  the  preservation  of  the  work. 

For  the  safety  of  existing  navigation. 

Repairs  indispensably  necessary. 

Repairs  indispensably  necessary  for   the 
preservation  of  the  work. 
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Work. 


For  renur  of  piers  at  month  of  Black  River, 

Ohio. 
For  the  improvemont   of  Oaachita   River, 

Arkansas  and  Lonisiana. 
For  the  improvement  of  the  Yazoo  River, 

Mississippi. 
For  contiDaing  the  work  of  dredging  and  re- 

moving;  obKtmctiona  to  navigation  in  Cy- 
press Bayoa,  Texas. 
For  the  improvement  of  Chester  River  at 

Kent  IsUud  Xarrows.  Maryland. 
For  the  improvement  of  the  Upper  Willamette 

River,  Oregon. 
For  the  improvement  of  the  harbor  at  Michi- 
'  ganCity,  Ind. 
For  the  improvement  of  the  harbor  at  Bnr- 

lin^on,  VL 
For  the  improvement  of  the  harbor  at  Prov- 

incetowD,  Mass. 
For  the  improvement  of  the  harbor  at  Oak 

Orchard,  N.  Y. 


Allotment 


Remarks. 


1 


J 


$6,000 

2,000 

1,000 

3,000 

16,000 

'6,000 

4,000 

800 


Repairs  indispensably  necessary  to  pro- 
serve  the  work. 


For  preservation  of  boats,  machinery,  &c. 


Repairs  indispensably  necessary. 

Absolutely  necessary  for  the  preservation 
of  the  channel  secured  by  previous  work. 

To  secure  work  ali-eady  done— liarbor  of 
refuge. 

Repairs  indispensably  necessary. 

Preservation  of  the  harbor. 


In  determining  the  amonnts  to  be  allotted  to  each  work  named,  refer- 
ence has  been  had  to  the  balances  on  hand  of  previous  appropriations 
for  the  works  specified. 

All  these  improvements,  for  the  continuance  of  which  parts  of  the 
appropriations  have  been  allotted,  are,  in  my  judgment,  clearly  national. 

The  allotments  to  the  improvements  of  lesser  magnitude  and  conse- 
quence are  indispensably  necessary  to  protect  work  already  done. 

The  oflficers  in  charge  of  the  improvements  were  notified  of  the 
amonnts  allotted,  and  the  works  are  now  being  conducted  on  this  basis. 
Operations  have  not  been  commenced  upon  the  new  works  of  improve- 
ment provided  for  in  the  last  river  and  harbor  act. 


ATLANTIC    COAST. 

nrPROVElIENT  OF  BrVBRS  AND   HARBORS  IN  THE   STATES   OF  MAINE, 

NEW  HAMPSHIRE,  AND  MASSACHUSETTS. 

Officer  in  charge,  Lieut.  Col.  George  Thorn,  Corps  of  Engineers. 

1.  Saint  Croix  River^  above  the  ^^Ledge^^  Maine, — The  following  appro- 
priations have  been  made  by  Congress  for  the  improvement  of  this  river, 
viz: 

By  act  approved  March  2, 18(>7 §15,000 

Byactapproved  March  3, 1873 10,000 

By  act  approved  June  23,  1874 10,000 

Total 35,000 

The  act  of  March  2, 1867,  contained  the  proviso  that — 

The  province  of  New  Brunswick  contribute  and  pay  to  the  proper  disbursing  officer 
a  like  sum  for  said  purpose;  said  pa.ynient  beins  made  on  condition  that  iu  no  event 
shall  the  province  of  Now  Brunswick  be  called  upon  for  more  than  half  the  sum 
actaally  expended  for  said  purpose. 

An  accurate  survey  was  made  of  this  river,  under  the  direction  of 
Lieutenant-Colonel  Thorn,  in  1873,  from  the  "Ledge"  up  to  the  toll-gate, 
between  Calais  and  Saint  Stephens,  the  head  of  navigation,  and  a  pro- 
ject, with  an  estimate  for  its  improvement,  was  submitted  by  him  to 
both  governments ;  but,  owing  to  the  fact  that  the  obstructions  to  its 
navigation  have  been  caused  by  the  deposit  of  the  "waste"  from  the 


38  EEPOET   OF   THE   CHIEF   OF   ENGINEERS. 

sawmills  above,  and  that  no  law  is  in  force  for  preventing  the  continu- 
ance of  this  evil  practice,  a  correspondence  between  the  department  of 
public  works  of  the  Dominion  of  Canada  and  the  officer  in  charge  of 
the  work  has  resulted  in  an  agreement  to  defer  any  improvement  of  this 
channel  until  they  shall  become  satisfied  that  this  practice  shall  be  per- 
manently discontinued.  The  attention  of  Congress  is  again  respectfully 
asked  to  this  matter,  and  to  the  necessity  of  some  general  law  to  protect 
from  injury  and  obstructions  all  navigable  waters  under  the  control  of 
the  United  States,  and  for  the  improvement  of  which  appropriations 
have  already  been  or  may  hereafter  be  made  by  Congress. 

Amount  available  July  1,1 875 $34. 1^5  58 

Amount  available  July  1, 1876 34,185  58 

Amount  (estimated)  required  for  completion  of  existing  project,  on   the 
part  of  the  United  States 65,000  00 

(See  Appendix  A  1.) 

2.  Machias  RiveTj  Maine. — The  following  appropriations  have  been 
made  by  Congress  for  the  improvement  of  this  river,  viz : 

By  act  approved  March  3, 1873 |12,  000 

By  act  approved  June  23,  1874 10,000 

By  act  approved  March  3, 1875 10,000 

Total 32,000 

The  improvement  consisted  originally  in  the  removal  of  a  very  large 
and  dangerous  ledge,  (known  as  Middle  Rock,)  which  seriously  ob- 
structed the  channel  in  front  of  the  wharves  at  Machias,  and  in  the 
excavation  of  the  several  shoals  of  slabs,  edgings,  &c.,  below,  so  as  to 
obtain  a  channel  6  feet  in  depth  at  mean  low-water,  (or  19^^  feet  at 
ordinary  high-water,)  from  deep  water  near  East  Machias  bridge  up  to 
the  wharves  at  Machias,  a  distance  of  3  miles.  This  work  required 
1,350  cubic  yards  of  rock-excavation  and  50,000  cubic  yards  of  dredg- 
ing. A  contract  was  made,  June  23,  1873,  for  the  removal  of  Middle 
Rock,  and  on  the  28th  of  July,  1874,  its  removal  was  completed  down 
to  an  average  depth  of  about  half  a  foot  below  the  plane  of  mean  low- 
water.  A  contract  was  made,  August  29, 1874,  for  the  partial  removal 
of  tbe  Middle  Ground,  situated  about  two-thirds  of  a  mile  below  "  the 
falls  5"  also  for  the  removal  of  other  shoals  above  and  below  the  Middle 
Ground.  Another  contract  was  also  made.  May  13, 1875,  for  completing 
the  dredging  at  the  Middle  Ground  and  below.    On  the  1st  of  July, 

1875,  the  shoal  above  the  Middle  Ground  had  been  completed,  and  some 
progress  made  at  the  Middle  Ground.  On  the  24th  of  July,  1875,  tbe 
work  contracted  for  in  August,  1874,  was  completed,  whereby  the  pro- 
jected channel  was  excavated  through  the  shoal  above  the  Middle 
Ground  for  a  length  of  850  feet  and  a  width  of  not  less  than  100  feet, 
and  through  the  upper  part  of  the  Middle  Ground  for  a  length  of  800 
feet  and  an  average  width  of  125  feet ;  the  shoal  near  the  draw-bridge, 
three  miles  below  Machias,  was  also  removed  to  the  extent  contem- 
plated. The  dredging  contracted  for  in  May,  1875,  was  commenced 
July  5, 187G,  and  is  to  be  completed  on  or  before  the  30th  of  September, 

1876.  The  dredging  under  these  two  contracts  will  open  a  channel,  to 
the  depth  required,  for  a  width  of  not  less  than  100  feet ;  but  as  these 
shoals  have  been  caused  chiefly  by  the  slabs,  edgings,  and  saw-dust 
from  the  saw-mills  at  and  above  Machias  Falls,  they  will,  of  course, 
continue  to  form,  so  long  as  the  mills  shall  bepermitted,  as  at  present, 
to  throw  their  "waste'-  into  the  river;  so  that  the  improvement  now 
being  made  will  doubtless  be  but  temporary.    It  is  therefore  recom- 
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mended  that  no  further  appropriation   be  made  for  continuing  the 
improvement  of  this  river. 

It  is  respectfully  recommended  that  Machias  River,  Saint  Croix  River, 
and  all  other  navigable  waters  under  the  control  of  the  United  States, 
for  the  improvement  of  which  appropriations  have  been  or  hereafter 
may  be  made  by  the  United  States  Government,  be  protected  from 
injury  and  obstruction  by  suitable  legislation. 

Amount  available  July  1,  1875 $22,011  53 

A monnt  expended  daring  fiscal  year  ending  June  30,  1676 1*2,661  03 

Amount  available  July  1,  1876 9,350  50 

(See  Appendix  A  2.) 

3.  Tenohscot  River^  Maine, — The  work  originally  projected  for  the 
improvement  of  this  consisted — 

A.  In  the  enhirgement  and  straightening  of  its  channel  through  the 
several  bars  and  shoals  at  and  near  Bangor,  so  as  to  have  a  width  of 
not  less  than  200  feet  and  a  depth  of  12  feet  at  low  tide,  (25  feet  at  high 
tide,)  in  the  lowest  stages  of  the  river,  giving  about  15  feet  at  low  tide 
in  its  ordinary  stages. 

B.  In  breaking  up  and  removing  all  the  sunken  rocks  down  to  the 
level  of  the  general  bed  of  the  river,  so  as  to  have  not  less  than  7  feet 
of  water  over  them  in  the  lowest  stages  of  the  river,  except  "Green's 
Pier  Ledge,"  so  called,  which  is  to  have  about  5  feet  of  water  over  it 
in  those  stages,  or  8  feet  at  low  tide  in  its  ordinary  stages. 

At  the  beginning  of  the  fiscal  year,  (July  1,  1875,)  the  projected 
improvement  of  all  the  bars  and  shoals  had  been  completed,  with  the 
exception  of  the  channel  through  the  Middle  Ground  at  Bangor;  and 
all  the  sunken  rocks  had  been  broken  up  and  removed  to  the  extent 
projected,  with  the  exception  of  Green's  Pier  Ledge,  and  some  others 
discovered  in  October,  1875. 

Contracts  have  already  been  made  for  completing  all  the  dredging  on 
the  Middle  Ground,  and  for  completing  the  removal  of  Green's  Pier 
Ledge,  and  it  is  probable  that  they  will  all  be  completed  before  the 
close  of  the  present  season,  leaving  only  the  removal  of  the  recently- 
discovered  ledges  to  be  provided  for. 

Under  the  appropriation  of  110,000,  made  by  act  of  March  3,  1875,  to 
be  expended  for  the  improvement  of  the  river  at  and  near  Bucksport 
Narrows,  (eighteen  miles  below  Bangor,)  a  survey  was  made  to  ascer- 
tain the  object  of  the  appropriation,  which  resulted  in  a  project  for  the 
improvement  of  navigation  by  the  removal  of  the  middle  ground  in  front 
of  the  wharves  at  Bucksport  to  a  depth  of  12  feet  at  mean  low- water,  or 
22.3  feet  at  ordinary  high-water.  A  contract  was  made  for  this  work, 
after  advertising  for  proposals  therefor,  at  12J  cents  per  cubic  yard,  and 
it  was  completed  on  the  21st  of  October,  1875,  by  61,910  cublic  yards  of 
dredging. 

The  officer  in  charge  of  this  work  states  that  the  throwing  of  saw-dust 
ioto  this  river  is  still  continued  to  a  very  great  extent,  and  to  the  serious 
detriment  of  its  navigation.  In  view  of  this,  and  of  the  fact  that  several 
other  navigable  rivers  in  his  district,  now  being  improved  by  the  Uuited 
States  Government,  are  also  being  injured  by  the  throwing  in  of  slabs, 
edgings,  and  saw-dust,  by  the  building  of  piers  and  bridge-draws  in 
improper  places,  and  otherwise,  he  suggests  the  passage  of  some  general 
law  for  the  protection  and  preservation  of  all  navigable  waters  under 
the  control  of  the  Uuited  States  Government,  for  the  improvement  of 
which  Congress  lias  already  or  may  hereafter  make  appropriations. 

Amount  avaUable  July  1,  1875 $68,^85  18 

Amount  expeuded  during  fiscal  year  ending  Juno  30,  187G 23,  840  90 
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Amount  available  Jaly  1, 1876,  iDolnding  $1,022  due  on  contracts $45, 044  2S 

Amount  appropriated  by  act  approved  August  14,  1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 6, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.       6, 000  00 

(See  Appendix  A  3.) 

4.  Camden  Harbor^  ilfaine.— All  the  work  projected  for  the  improve 
ment  of  this  harbor  has  been  completed  during  the  past  fiscal  year^ 
being  as  follows,  viz : 

liegalating  the  entrance,  by  dredging  between  Portland  steamer 
and  Sanford's  steamer  wharves,  and  dredging  a  channel  2,000  feet  long, 
80  feet  wide,  and  7  feet  deep  at  mean  low-water,  (or  ICJ  feet  at  mean 
high-water,)  from  said  entrance  up  to  the  upper  wharves  on  the  east 
side  of  the  harbor;  and  another  channel  of  same  depth,  and  for  a  width 
of  80  to  100  feet,  connecting  with  the  eastern  channel  near  the  lime-kilu 
wharf,  extending  up  to  the  head  of  the  harbor  on  its  western  side. 

In  1873,  the  eastern  channel  and  the  entrance  to  it  were  opened  to  a 
depth  of  7  to  9  feet  at  mean  low-water,  and  for  a  width  of  60  to  100 
feet,  extending  from  the  9-foot  curve,  near  the  Portland  steamer  wharf, 
up  to  the  head  of  the  wharves  on  the  eastern  side  of  the  harbor,  alto- 
gether a  distance  of  about  2,000  feet.  Under  the  appropriations  since 
made,  two  contracts  were  made  for  completing  the  dredging,  which  was 
accomplished  on  the  30th  of  September,  1875,  82,199  cubic  yards  of 
dredging  having  been  done  under  those  two  contracts,  making  altogether 
104,952  cubic  yards  of  dredging  done  for  the  improvement  of  this  har- 
bor and  in  completion  of  same. 

Amount  available  July  1, 1875 $19,393  30 

Amount  expended  during  fiscal  year  ending  June  30,  1876 19, 393  30 

(See  Appendix  A  4.) 

5.  Kennebec  RiveVj  Maine. — All  the  work  projected  for  the  improve- 
ment of  this  river  has  been  completed,  with  the  exception  of  the  removal 
of  Dry  Bock,  situated  in  The  Narrows,  about  one  and  one-half  miles  be- 
low Bichmond.  From  Bichmond  up  to  Gardiner,  a  distance  of  eleven 
miles,  the  channel  has  been  made  safe  and  navigable  for  a  width  of  not 
less  than  100  feet  and  for  a  depth  of  10  feet  at  low  tide  (or  15J  feet  at 
high  tide)  in  its  lowest  summer  stages ;  and  from  Gardiner  to  Augusta, 
a  distance  of  seven  miles  more,  it  has  also  been  improved  for  a  width  of 
not  less  than  100  feet,  so  as  to  have  not  less  than  6J  feet  at  low  tide  (or 
11^  feet  at  high  tide)  in  the  lowest  summer  stages  of  the  river. 

Under  a  contract  made  May  6, 1875,  for  the  removal  of  Dry  Bock  to  a 
depth  of  12  feet  at  mean  low-water,  operations  have  been  carried  on  dur- 
ing the  past  fiscal  year,  resulting  in  the  removal  of  about  375  cubic  yards 
of  the  rock.  This  work  will  probably  be  nearly,  if  not  quite,  completed 
in  the  course  of  the  present  season,  the  funds  available  being  sufficient 
for  the  purpose. 

Amount  available  July  1, 1875 828,548  34 

Amount  expended  during  fiscal  year  ending  June  30,  lti7G 733  05 

Amount  available  July  1,  1876 27,815  33 

(See  Appendix  A  5.) 

6.  Portland  HarboVj  Maine. — All  the  work  projected  for  the  improve- 
ment of  this  harbor  has  been  completed,  with  the  exception  of  the  dredg- 
ing in  front  of  the  harbor  commissioners'  line  above  Merrill's  wharf;  but 
this  work  will  be  done  only  on  condition  that  the  several  wharves  above 
Merrill's  wharf  will  be  removed  so  far  as  they  extend  beyond  the  harbor 
line.    The  funds  now  available  are  sufficient  for  this  purpose. 

During  the  past  fiscal  year  the  work  done  in  this  harbor  has  been  ap- 
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plied  to  deepening  the  dock  at  castom-honse  wharf,  for  the  benefit  of 
the  United  States  revenue-cntter,  in  compliance  with  the  request  of  the 
Secretary  of  the  Treasury.  An  accurate  triangulation  and  survey,  much 
needed,  has  also  been  made  of  the  wharves  and  harbor  lines. 

Amount  available  July  1, 1-75 $47,074  38 

AmoQDt  expended  dnring  fiscal  year  ending  Jane  30,  1876 2, 505  40 

Amount  available  July  1,  ltf76 44,568  98 

(See  Appendix  A  6.) 

7.  RichmoncPs  Island^  Maine, — ^The  improvement  projected  for  this 
p3ace  consists  in  making  a  harbor  of  refuge  by  means  of  a  rubble-stone 
breakwater,  to  connect  the  island  with  the  main-land.  The  length  of 
the  proposed  breakwater  is  about  2,000  feet,  with  an  average  thickness 
of  25  to  30  feet,  and  a  height  of  4  feet  above  ordinary  high- water.  Dur- 
ing the  past  fiscal  year  4,093  tons  of  stone  have  been  added  to  the  work, 
making  a  total  of  about  58,143  tons  to  date.  To  complete  this  work  in 
accordance  with  the  original  estimate,  10,000  tons  more  of  stone  will  be 
needed,  for  which  an  appropriation  of  $15,000  will  be  required. 

Amount  available  Jnly  1, 1875 ?7,269  83 

Amount  expended  dnring  fiscal  year  ending  J une  30, 1876 7, 269  83 

Amount  (estimated)  required  for  completion  of  existing  project 15,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  15, 000  00 

(See  Appendix  A  7.) 

8.  Kennebunk  River ^  Maine, — ^The  work  hitherto  done  for  the  improve- 
ment of  this  river  consists  in  the  extension  and  repair  of  the  two  stone 
piers  at  its  month,  and  the  repair  of  the  United  States  Government 
wharf,  a  short  distance  above  its  month. 

For  the  entire  completion  of  all  the  improvements  necessary  for  this 
river,  there  remains  only  the  deepening  of  the  channel  at  the  Wading 
Place  and  at  Mitchell's  Point,  the  estimated  cost  of  which,  $5,000,  was 
provided  in  the  act  approved  August  14, 1876. 

Amount  appropriated  by  act  approved  August  14, 1876 $5, 000 

(See  Appendix  A  8.) 

9,  Cocheco  River^  Xeic  Hampshire* — ^The  improvement  projected  for 
this  river  consists  in  making  a  channel  not  less  than  40  feet  in  width  and 
4  feet  in  depth  at  mean  low- water  (or  10.8  feet  at  mean  high- water)  from 
the  Lower  Narrows  up  to  the  Packet  Landing. 

The  several  appropriations  made  from  March  3,  1871,  to  March  3, 
1S75,  for  this  river  have  been  ax)plied  to  the  following  improvements, 
viz: 

A.  The  excavation  and  removal  of  about  400  cubic  yards  of  ledge  at 
the  Lower  Narrows,  and  of  numerous  sunken  rocks  which  obstructed 
the  channel  between  the  Lower  and  Upper  Narrows,  (including  Wat- 
son's Rocks,)  as  well  as  some  rocks  below  the  Lower  Narrows. 

B.  Opening  a  channel  through  the  ledge  at  the  Upper  Narrows  for  a 
length  of  430  feet  and  for  a  width  of  40  feet  and  a  depth  of  4  feet  at 
mean  low- water. 

C.  Opening  a  channel  through  the  ledge  in  front  of  Collins's  wharf 
(above  the  Upper  Narrows)  for  a  length  of  260  feet  and  for  a  width  of 
10  feet  and  a  depth  of  4  feet  at  mean  low- water. 

D.  Excavating  (by  dredging)  a  channel  40  feet  wide  and  4  feet  deep 
at  mean  low-water,  from  Clement's  Point  Shoal  up  to  Packet  Lauding, 
a  distance  of  about  half  a  mile. 

The  work  done  during  the  past  fiscal  year  has  been  the  opening  of  a 
channel  through  the  ledge  in  front  of  Collins's  wharf,  under  a  contract 
made  May  8,  1875,  for  the  sum  of  $15,000,  which  work  was  completed 
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on  tlie  30th  of  September,  1875;  and  in  7,108  cubic  yards  of  dredging 
between  Clement's  Point  Shoal  and  Packet  Landing,  under  a  contract 
ma<le  May  13,  1875,  which  was  completed  on  the  24th  of  i^ovember, 
1875 ;  and  in  the  removal  of  sunken  bowlders  and  ledges  in  and  near 
the  Lower  Narrows. 

The  work  that  now  remains  to  be  done  for  completing  the  improve- 
ment of  this  river,  as  now  projected,  consists  in  the  completion  of  the 
channel  by  dredging  near  Packet  Landing,  and,  where  necessary,  at  the 
shoals  below,  and  the  removal  of  sunken  ledges  and  bowlders  still  neces- 
sary at  and  near  the  Lower  Narrows,  to  effect  which  will,  as  estimated, 
require  an  additional  appropriation  of  $6,000. 

Amount  available  July  1,  1875 $24,865  98 

Amount  expended  during  fiscal  year  eudiug  June  30,1876 21,984  42 

Amount  available  July  1,1876 i 2,881  56 

Amount  appropriated  by  act  approved  August  14,  1876 14, 000  00 

Amount  (estimated)  required  ror  completion  of  existing  project 6, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1878 6,000  00 

(See  Appendix  A  9.) 

10.  Merrimac  Rivevy  Massachusetts, — All  the  work  projected  for  im- 
proving the  falls  of  this  river  above  Haverhill,  Mass.,  has  been  completed 
to  the  extent  now  deemed  necessary.  Newburyport  Harbor,  at  the 
month  of  the  river,  has  also  been  improved  by  the  removal  of  South 
Gangeway  Bock,  and  of  a  wrecked  schooner ;  and  some  progress  has 
been  made  in  the  removal  of  North  Gangeway  Bock.  Between  New- 
buryport  and  Haverhill  the  river  has  been  improved  by  deepening  the 
shoals  and  the  removal  of  numerous  bowlders  (including  Little  Currier 
Bock)  which  obstructed  the  channel  above  and  below  Bocks  'Bridge. 
During  the  past  fiscal  year  the  river  below  Bocks  Bridge  has  been  further 
improved  by  the  removal  of  Petty  Bock  and  a  large  number  of  other 
dangerous  rocks.  Some  progress  has  also  been  made,  under  the  con- 
tract of  May,  1875,  in  the  improvement,  by  dredging,  of  Currier's  Shoal, 
about  4  miles  below  Haverhill,  with  a  probability  of  its  completion 
about  the  end  of  July.  After  its  completion  the  balance  then  available 
will  be  applied  to  other  projected  improvements  between  ISTewburyjiort 
and  Haverhill.  For  completing  the  removal  of  North  Gangeway  Bock 
and  imi)roving  the  Boilers  in  Newburyport  Harbor  an  additional  appro- 
priation of  $25,000  will  be  required. 

Amount  available  July  1,  1875 §13,103  5^ 

Amount  expended  during  fiscal  year  ending  June  30,  1876 2, 703  01 

Amount  available  July  1, 1876 10,4()0  54 

Amount  (estimated)  required  for  completion  of  existing  project 25,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  25, 000  00 

(See  Appendix  A  10.) 

11.  Gloucester  Harbor ,  Massachusetts, — Under  the  appropriation  of 
June  10, 1872,  the  removal  of  the  following  sunken  rocks  has  been  com- 
pleted, viz :  Glam  Rock,  Pinnacle  Rocks,  rocks  off  J.  Friend's  wharf, 

,rock  off  Pew's  wharf,  and  Babson's  Ledge,  to  the  extent  projected. 

Amount  available  July  1,  1875 .?t)8r)  8A 

Amount  expended  during  fiscal  year  ending  June  30,  1876 579  10 

Amount  available  July  1,  1870 107  74 

(See  Appendix  A  11.) 

Salem  ITarhor.  Massachusetts. — The  work  projected  for  the  improve- 
ment of  this  harbor  consisted  in  the  excavation,  by  dredging,  of  a  chan- 
nel 1,730  feet  long  and  300  feet  wide  to  a  depth  of  8  feet  at  mean  low- 
water  (or  17.3  feet  at  mean  high-water)  from  deep  water  to  the  entrance 
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of  South  River;  and  for  the  building  of  a  sea-wall  and  breakwater  for 
the  protection  and  preservation  of  Long  Point.  Under  the  appropria- 
tion of  March  3,  1873,  this  channel  was  opened  for  a  width  of  about  160 
feet,  and  nnder  that  of  June  23,  1874,  it  has  been  completed  to  the  pro- 
jected width  of  300  feet.  To  complete  the  sea-wall  and  breakwater,  which 
are  comparatively  unimportant  works,  will  require  an  additional  appro- 
priation of  $23,000. 

AiiiooDt  (estimated)  required  for  completion  of  exintinfr  project 823, 000 

Aiiiouot  that  can  be  protitably  expended  in  fiscal  year  ending  Juu^  30, 1878 23, 000 

(See  Appendix  A  12.) 

13.  Boston  Harbor  J  Massachusetts. — The  following  is  a  statement  of  the 
])Fe8ent  condition  of  the  several  works  completed,  projected,  and  in  prog- 
ress for  the  improvement  of  this  harbor,  and  the  progress  made  upon 
them  daring  the  fiscaFyear,  viz : 

A.  Sea-tcall  on  Point  Allerton, — This  wall  was  comi)leted  in  May,  1874, 
together  with  a  riprap  apron-work  for  the  protection  of  its  foundation. 
Its  total  length  is  1,202  feet.  It  is  now  iii  excellent  condition  in  every 
respect,  and  fully  answers  the  purpose  intended. 

B.  Seawall  on  Great  Brewster  Island. — This  wall  is  2,840  feet  in 
length,  and  was  built  for  the  protection  of  the  north  and  south  heads 
of  that  island,  having  been  completed  in  1870.  It  is  in  good  condition, 
and  requires  but  few  repairs. 

C.  Seawalls  on  LoveWs  Island. — The  two  sea- walls  on  this  island  were 
built  by  the  United  States  Government,  one  in  1843,  for  the  protection 
of  its  north  head,  and  the  other  in  1867-'68,  for  the  protection  of  its 
southeast  bluff,  for  a  length  of  about  800  feet.  For  the  protection  of 
the  shore-line  next  south  of  the  north  head  wall,  and  next  south  of  the 
soatheastern  wall,  apron-work  and  jetties  of  rubble-stone  were  added,  in 
1873.  The  wall  on  the  southeast  bluff  has  been  much  damaged  by  re- 
cent storms,  and  it  is  recommended  that  its  height  be  increased  4  feet 
by  adding  two  more  courses,  and  that  it  be  otherwise  repaired,  at  a  prob- 
able cost  of  815,000.  The  other  wall  and  apron-work  are  now  in  good 
condition,  requiring  no  repairs,  and  fully  answer  the  purpose  intended. 

D.  Seatcall  on  Gallop^s  Island. — This  wall  was  commenced  in  1868, 
and  completed  in  September,  1871.  It  is  l,78o.J  feet  in  length,  and  has 
its  foundation  protected  for  nearly  its  whole  extent  by  a  riprap  apron- 
work  and  stone  jetties,  which  were  added  in  l87;3-'74.  This  work  is  in 
good  condition,  and  fully  answers  in  every  respect  the  purpose  for  which 
it  was  intended. 

E.  Seoricall  on  the  north  head  of  Long  Island. — This  wall  was  com- 
menced in  1870,  and  completed  in  the  latter  part  of  July,  1874,  to  a  total 
length  of  2,081  g  feet.  For  the  protection  of  its  concrete  foundation,  a 
riprap  apron,  with  jetties,  has  been  built  on  those  parts  where  most  ex- 
posed to  injury  by  storms  and  currents,  having  been  completed  early  in 
August,  1874.  This  work  is  in  good  condition,  requiring  no  repairs,  and 
fully  answers  the  i)urpose  intended. 

F.  Sea-walls  on  Beer  Island. — The  three  sea-walls  on  this  island  were 
built  about  35  years  ago,  for  the  protection  and  preservation  of  the 
north,  middle,  and  south  heads,  and  were  respectively  1,740,  840, 
and  380  feet  in  length.  The  injury  which  these  walls  had  suvstained 
from  the  violence  of  the  storms  was  such  as  to  necessitate  the  rebuild- 
ing of  them  to  a  great  extent.  This  was  commenced  in  1865,  and  com- 
pleted in  1869.  The  violent  storms  of  the  past  winter  and  spring  have, 
to  some  extent,  injured  this  wall  at  the  north  head,  which  will  have  to 
be  repaired. 


44  REPORT   OF   THE    CHIEF    OF   ENGINEERS. 

G.  Straightening^  tcidening,  and  deepening  the  main  ship-channel  at  the 
west  end  of  Great  Bretcster  Spit, — This  work  consists  in  the  removal,  by 
dredging,  of  the  southern  portion  of  this  spit,  so  as  to  give  to  the 
channel  a  width  of  600  feet  for  a  depth  of  23  feet  at  mean  low-water. 
Under  a  contract  made  in  September,  1874,  the  dredging,  which  was 
commenced  in  October,  1874,  was  completed  in  August,  1875.  During 
these  operations  a  l^dge  was  laid  bare,  of  which  112^  cubic  yards  will 
have  to  be  broken  up  and  removed  for  obtaining  the  required  depth  of 
23  feet  at  mean  low-water.  Some  progress  has  been  made  in  the  removal 
of  this  ledge  under  the  contract  of  September,  1874,  with  a  probability 
of  its  completion  in  September  next,  (1876.) 

H.  Straightening,  tcidening,  and  deepening  tJie  main  ship  channel  at  ilie 
soutfieast  and  southwest  points  of  LovelVs  Island, — This  improvement  con- 
sists in  widening  the  channel  so  as  to  have  a  width  of  600  feet  for  a 
depth  of  23  feet  at  mean  low-water.  Under  the  appropriation  of  June 
23, 1874,  a  contract  was  made  in  September,  1874,  for  the  dredging  at 
the  southeast  point  of  this  island.  Work  under  this  contract  was  com- 
menced in  October,  1874,  and  was  completed  in  September,  1875,  For 
completing  the  improvement  at  the  southwest  point  of  this  island  an 
additional  appropriation  will  be  required. 

I.  Straightmiing^ioidening^and  deepening  the  main  ship  channel  at  the 
Upper  Middle  Bar. — ^The  improvement  projected  for  this  bar  consists  in 
excavating  a  channel  to  a  width  of  600  feet  and  for  a  depth  of  23  feet 
at  mean  low-water,  the  mean  rise  and  fall  of  the  tide  being  10  feet- 
Dredging  operations  were  commenced  on  the  bar  in  1870,  and  have 
been  continued,  with  intervals  of  suspension,  for  want  of  funds,  up  to 
the  present  time.  During  the  past  fiscal  year  work  has  been  carried 
on  under  three  separate  contracts,  (one  made  March  5, 1874,  one  Sep- 
tember 1,  1874,  and  the  other  May  19, 1875,)  by  which,  with  the  dredg- 
ing previously  done,  a  channel  has  been  opened,  to  the  required  depth, 
for  an  average  width  of  450  feet.  For  completing  the  work  on  this  bar 
and  the  continuous  shoals  below  it  to  the  projected  width  and  depth, 
will  require  about  90,000  cubic  yards  more  of  dredging  (65,000  of  which 
are  already  contracted  for)  and  the  breaking  up  and  removal  of  some 
recently-discovered  ledges. 

J.  Removal  ofNash^s  Rock,  (Shoal) — This  shoal  lies  in  the  entrance  to 
Boston  Harbor,  about  one-third  of  the  way  over  from  Brewster  Spit  to 
Point  Allerton.  By  a  survey  made  in  1873,  under  the  direction  of  the 
engineer  oflBcer  now  in  charge,  it  was  ascertained  that  this  shoal  (previ- 
ously known  as  Nash's  Rock)  is  covered  with  bowlders,  shingle,  gravel, 
&c.,  and  has  an  area  of  about  640  superficial  yards  with  less  than  21 
feet  of  water  over  it  at  mean  low-water,  and  an  area  of  about  9  acre^s 
with  less  than  23  feet  of  water  over  it.  The  improvement  here  projected 
consists  in  its  removal  to  a  depth  of  21  feet  at  mean  low- water,  for  which 
a  contract  was  made  May  19, 1875,  the  work  to  be  completed  on  or  be- 
fore the  30th  of  September,  1876. 

K.  Removal  of  Kelly* s  Rock, — This  rock  lies  in  the  main  ship-channel, 
distant  about  700  yards  in  a  direction  southeast  by  south  from  Bug 
Light,  (at  "the  Narrows,")  and  in  the  line  of  the  entrance-buoy  No.  1  and 
Bug  Light,  and  has  always  been  a  very  dangerous  obstruction  to  navi- 
gation. In  1869  work  was  commenced  upon  the  removal  of  this  ledge 
to  the  depth  of  23  feet  at  mean  low-water,  and  was  continued  up  to  the 
end  of  1870,  leaving,  as  shown  by  surveys  since  made,  a  large  area  not 
having  the  required  depth.  Under  the  appropriation  of  March  3,  1875, 
a  contract  was  made  May  14,  1875,  for  completing  the  removal  of  this 
rock.    Work  was  commenced  under  this  contract  in  the  latter  part  of 
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May,  and  was  satisfactorily  completed  in  September,  1875.  During: 
tbese  operations  of  1875,  new  ledges  were  discovered  in  the  vicinity  of 
Kelly's  Bock,  above  and  below  it,  having  on  the  sboalest  parts  a  depth 
of  20  to  21  feet  at  mean  low- water.  To  reduce  them  to  the  projected 
depth  of  23  feet  at  mean  low- water,  will  require  189  cubic  yards  of  ex- 
Ciivatiou,  at  an  estimated  cost  of  $11,340,  for  which  an  additional  ap- 
propriation will  be  required. 

L.  Removal  of  Totcer  Bock, — This  rock  was  situated  in  the  main  ship- 
channel  at  the  iN^arrows,  about  100  yards  to  the  southwest  of  Great 
Brewster  Spit  Light.  It  was  blasted  out  and  removed  in  1867  to  the 
projected  depth  of  23  feet  at  mean  low- water. 

M,  Removal  of  Corucin  Rock, — This  rock  was  situated  in  the  main  ship- 
channel  at  the  Narrows,  about  200  yards  to  the  southwest  of  Great 
I>rewster  Spit  Light.  It  was  blasted  out  and  removed  in  the  years 
18Gd  and  1869  to  the  projected  depth  of  23  feet  at  mean  low- water. 

N,  Removal  of  sunken  ledge  between  George^s  Island  and  Great  Breicster 
Spit — ^This  ledge  was  discovered  in  September,  1872,  in  a  resurvey  of 
"  the  Narrows  "  made  under  the  direction  of  the  engineer  officer  now  in 
charge.  It  was  situated  near  the  middle  of  the  main  ship-channel,  dis- 
tant about  317  yards  in  a  direction  west  by  south  from  Bug  Light.  It 
bad  but  18.9  feet  of  water  over  it  at  mean  low-water,  and  was  conse- 
quently a  dangerous  obstruction  to  navigation  for  the  European  steam- 
ers and  other  large  vessels.  Under  a  contract  made  August  31, 1874,' 
the  removal  of  this  ledge  was  completed  in  September,  1874,  to  the  pro- 
jected depth  of  23  feet  at  mean  low-water. 

0.  Removal  of  Barrel  Rock  in  Broad  Sound, — This  was  a  bowlder  lying 
about  1  mile  a  little  north  of  west  from  Green  Island,  and  near  the  sail- 
ing line  of  the  Portland  and  other  Maine  steamers.  It  had  only  4  feet 
of  water  over  it  at  low  tide,  and  in  thick  weather  was  a  dangerous  ob- 
Htacle  to  navigation.    It  wa4  removed  in  1869. 

P.  Removal  of  State  and  Palmyra  Rocks. — By  a  survey  made  in  1873, 
under  the  direction  of  the  engineer  officer  now  in  charge  of  this  work,  it 
was  ascertained  that  these  dangerous  rocks,  the  position  and  character 
(»f  which  had  previously  been  but  little  known,  consisted  of  bowlders  and 
ledges  lying  on  the  southern  spurs  of  the  "  Lower  Middle,"  which  ocean 
Kteamers  and  other  large  vessels  had  occasionally  struck.  Under  a  con- 
tract made  August  31, 1874,  for  the  removal  of  these  sunken  rocks,  work 
was  commenced  npon  them  in  September,  1874,  and  on  the  15th  of  June, 
1675,  their  removal  was  completed. 

Q.  Removal  of  wreck  of  Schooner  Delos. — This  vessel  was  sunk  in  1872 
m  Nantasket  lioads,  about  100  yards  from  Fort  Warren  wharf,  in  about 
-2  feet  of  water  at  mean  low- water,  and  was  broken  up  and  removed  in 
May  and  June,  1873. 

E.  Improvement  of  Bingham  Harbor,  Massachusetts, — In  the  appropri- 
ation for  Boston  Harbor,  made  by  act  of  March  3, 1875,  provision  was 
made  for  the  improvement  of  Ilingham  Harbor,  Massachusetts,  to  an  ex- 
tent not  exceeding  in  cost  810,000.  The  project  for  its  improvement  con- 
sisted in  widening  and  deepening  the  main  channel  so  as  to  have  a  width 
of  not  less  than  100  feet  and  a  depth  of  8  feet  at  mean  low-water  (or 
about  6  feet  at  low-water  in  spring  tides)  up  to  the  wharves  of  Hing- 
bam,  requiring  25,160  cubic  yards  of  dredging  and  80  cubic  yards  of 
ledge  excavation.    This  work  has  been  completed  at  a  cost  of  $9,116.58. 

From  the  report  of  the  engineer  officer  in  charge  it  is  seen  that  nearly 
all  the  works  hitherto  projected  for  the  improvement  of  Boston  Harbor 
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have  been  completed,  and  that  the  following  only  remain  to  be  com- 
pleted, viz : 

a.  The  removal  of  a  recently-discovered  ledge  near  the  southwestern 
extremity  of  Great  Brewster  Spit.  Work  has  been  commenced  upon 
this  ledge  by  contract,  and  it  is  probable  that  it  will  be  completed  in 
September,  1876. 

b.  About  40,000  cubic  yards  of  dredging  at  the  southwest  point  of 
Lovell's  Island,  in  order  to  obtain  the  contemplated  width  and  depth  of 
channel,  for  which  no  funds  are  now  available. 

c.  About  90,000  cubic  yards  of  dredging  at  the  Upper  Middle  Bar,  for 
obtaining  a  channel  to  the  projected  width  of  600  feet  and  a  depth  of 
23  feet  at  mean  low-water.  A  contract  has  been  made  for  65,000  cubic 
yards  of  this  dredging,  to  be  completed  this  season,  leaving  only  25,000 
cubic  yards  to  be  provided  for  by  future  appropriations. 

d.  Removal  of  NasWs  Rock,  (Shoal) — This  work  has  not  yet  been  com- 
menced; but  a  contract  has  been  made  requiring  it  to  be  completed  on 
or  before  the  30th  of  September  next. 

e.  The  removal  of  about  189  cubic  yards  of  sunken  ledges,  discovered  in 
1875,  in  the  vicinity  of  Kelly's  Kock,  for  which  no  funds  are  now  available. 

In  addition  to  the  above,  the  southeastern  sea-wall  on  Lovell's  Island 
will  require  raising  and  repairing;  and  some  few  repairs  are  needed  by 
the  sea-walls  on  Great  Brewster  Island  and  Deer  Island,  for  which  no 
funds  are  now  available. 

Amount  available  July  1, 1875 $191,930  78 

AmouDt  expended  during  fiscal  year  ending  June  30, 1876 111,475  4U 

Amount  available  July  1,  1876,  iuclndiug  $17,811.28  due  on  contracts 80,  455  29 

Amount  appropriated  by  act  approved  August  14, 1876 50,  000  00 

Amount  (estimated)  required  for  completion  of  existing  project '    25, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.      25, 000  00 

(See  Appendix  A  13.) 

14,  Plymouth  Harbor j  Massachusetts. — The  several  appropriations  here- 
tofore made  for  this  harbor  have  been  applied  to  the  construction  of 
bulkheads,  jetties,  and  groins  for  the  preservation  and  strengthening  of 
Long  Beach,  upon  which  the  harbor  depends  for  its  existence.  During 
the  past  year  these  works  have  been  repaired  and  strengthened  where 
most  necessary,  being  now  in  a  very  good  and  effective  condition.  Re- 
pairs will,  however,  be  required  hereafter  upon  these  works  from  year 
to  year  as  heretofore,  for  which  Congress  will  continue  to  be  called  upon 
for  suitable  appropriations. 

By  act  of  March  3, 1875,  the  sum  of  $10,000  was  appropriated  for 
this  harbor,  to  be  applied  in  part  to  improving  the  harbor  itself.  The 
project  adopted  consists  in  opening  by  dredging  a  channel  leading  from 
the  middle  ground  up  to  the  wharves  of  Plymouth,  to  a  depth  of  6  feet 
at  mean  low-water,  or  16  feet  at  mean  high-water,  and  for  a  towing 
width  of  100  feet.  Under  a  contract  made  May  13,  1875,  dredging 
operations  were  commenced  in  April  and  finished  in  June,  1876,  result- 
ing in  34,985  cubic  yards  in  completion  of  the  contract,  by  which  the 
projected  channel  has  been  opened  for  a  width  of  50  feet  and  to  the 
depth  required.  For  completing  this  channel  as  now  recommended  by 
the  engineer  in  charge,  and  for  the  annual  repairs  of  the  works  built 
for  the  preservation  and  protection  of  Long  Beach,  an  additional  appro- 
priation of  $30,000  will  be  required. 

Amount  available  July  1, 1875 $11,075  C7 

Amount  expended  during  fiscal  year  ending  June  30, 1876 10,748  25 

Amount  available  July  1, 1876 327  42 

Amount  (estimated)  required  for  completion  of  existing  project 30, 000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  30, 000  00 

(See  Appendix  A  14.) 
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15.  Provincetmon  Harbor,  Massachusetts, — The  several  appropriations 
heretofore  made  for  the  preservation  and  improvement  of  this  b arbor 
bave  been  applied  to  the  construction  of  the  following  works,  viz  : 

A.  Balkheads  and  jetties  of  various  descriptions  have  been  built  from 
time  to  time  along  Beach  Point,  for  its  preservation  and  protection,  both 
by  the  United  States  Government  and  by  the  local  authorities. 

B.  A  dike  was  built  in  1868  and  1869  by  the  State  of  Massachusetts 
across  the  outlet  of  East  Harbor  Creek. 

C.  A  dike  was  built  in  1868  and  1869  by  the  United  States  Govern- 
ment across  East  Harbor  Creek,  at  the  Wading  Place,  near  High  Head, 
about  2  miles  above  the  outlet  of  the  creek. 

D.  Wooden  bulkheads  and  jetties  have  been  built  at  diflferent  times 
for  the  protection  and  preservation  of  the  beach  on  Long  Point. 

E.  A  stone  bulkhead  has  been  nearly  completed  for  the  protection 
and  preservation  of  the  outer  end  of  Long  Point,  the  light-house,  and 
three-gun  battery. 

F.  A  substantial  dike  (272  feet  in  length)  was  built  in  1871-'72  across 
the  head  of  Lancey's  Harbor,  near  Abel  Hill. 

G.  Beach-grass  planted  on  Beach  Point,  Long  Point,  Abel  Hill,  Cove 
Section,  and  Oblique  Section,  and  at  the  last  two  places  brush  has  also 
been  laid  for  their  further  protection. 

H.  The  projected  extension  of  the  several  jetties  on  Beach  Point  and 
State  Dike  has  been  completed. 

I.  A  bulkhead  and  6  jetties  built  for  the  preservation  and  protection 
of  the  beach  at  Cove  Section,  near  High  Head,  were  encroached  upon 
by  the  extraordinary  gales  of  November,  1873,  and  January,  1874. 
This  bulkhead  is  607  feet  in  length,  and  the  jetties  have  an  aggregate 
length  of  126  feet  They  consist  of  a  frame-work  filled  with  brush  and 
ballasted  with  stone,  and  were  completed  in  December,  1874. 

J.  Accurate  resurveys  made  in  1871-'72-'73  and  '74  of  Cove  Section, 
Oblique  Section,  Beach  Point,  and  Long  Point,  together  with  elaborate 
soaudings  and  current  observations  in  the  inner  harbor. 

On  the  1st  of  July,  1875,  there  was  available  for  the  further  improve- 
ment of  this  harbor  the  sum  of  $3,326.07^  amount  expended  during 
the  fiscal  year  ending  June  30, 1876,  $2,830. 

The  amount  expended  during  the  fiscal  year  ending  June  30,  1876, 
has  been  applied  to  the  completion  of  the  sluice-way  and  other  re- 
pairs of  High  Head  Dike;  to  strengthening  and  extending  the  bulk- 
head and  jetties  at  Cove  Section,  repairing  bulkhead  and  jetties  on 
Beach  Point,  extending  the  stone  bulkhead  on  Long  Point,  and  plant- 
ing beach'grass  at  Cove  Section,  Olique  Section,  Beach  Point,  Long 
Point,  and  on  the  sand-hills  between  Beach  Point  and  Cove  Section. 
These  works  and  all  the  others  built  for  the  preservation  and  protection 
of  this  harbor  require  continuous  watching  and  repairs,  for  which  and 
for  an  extension  of  the  stone  bulkhead  on  Long  Point  the  additional 
sum  of  $5^000  will  be  required  for  the  next  fiscal  year. 

AmooDt available  July  1,1875 $3,326  07 

Amoaot  expended  during  fiscal  year  endiDg  Jane  30, 1876 2, 830  00 

Amoant  available  July  1, 1876 496  07 

Anioant  appropriated  by  act  approved  August  14, 1876 4, 000  00 

Amoaut  (eetimated)  required  for  completion  of  existing  project 1, 000  00 

AiDoout  tiiat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     1, 000  00 

(See  Appendix  A  15.) 
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EXAMINATIONS  AND  SURVEYS  FOR  IMPROATPMENT. 

Lieutenant-Colonel  Thorn  was  charged  with,  and  has  completed  dur- 
iug  the  past  fiscal  year,  the  following  examinations  and  sarveys,  pro- 
vided for  by  act  of  March  3, 1875: 

1.  Belfast  Bay  and  Harbor^  Maine. 

2.  Harbor  Matinictis  Island,  Maine, 

3.  Ipswich  River  and  Harbor^  Massachusetts. 

The  several  reports  upon  these  surveys  have  been  transmitted  to  Con- 
gress, and  printed  in  Ex.  Doc.  No.  ]!]  Forty-fourth  Congress,  1st  ses- 
sion. 

(See  Appendixes  A  16,  A 17,  and  A  18.) 

IMPROVEMENT  OF  THE  HARBORS  OF  HYANNIS,  WAREHAM,  NEW  BED- 
FORD, AND  FALL  RIVER,  MASSACHUSETTS,  AND  OF  WICKFORD  AND 
NEWPORT  HARBORS,  RHODE  ISLAND;  CONSTRUCTION  OF  BREAK- 
WATER AT  BLOCK  ISLAND;  IMPROVEMENT  OF  TAUNTON,  PAWTUCKET, 
PROVIDENCE,  AND  PAWCATUCK  RIVERS,  AND  OF  CONNECTICUT  RIVER, 
INCLUDING  SAYBROOK  BAR. 

Officer  in  charge,  Maj.  G.  K.  Warren,  Corps  of  Engineers. 

1.  Hyannis  Harbor,  Massachusetts, — There  being  no  funds  available 
for  this  work,  nothing  was  done  during  the  past  fiscal  year.  To  com- 
plete the  strengthening  of  the  work  at  the  breakwater  will  require  an 
appropriation  of  $10,000. 

Amount  available  July  1, 1875 $42  94 

Amount  available  July  1, 1876 42  94 

Amount  (estimated)  required  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  10, 000  00 

(See  Appendix  B  1.) 

2.  Wareham  Harbor,  Massachusetts, — ^The  continuation  of  the  dredg- 
ing under  the  last  appropriation  was  unavoidably  delayed  until  June, 
1876.  It  has  since  been  completed.  There  is  now  a  channel  up  to  the 
wharves  9  feet  deep  at  mean  low-water,  having  a  width  of  100  feet  in 
the  narrowest  part,  and  throughout  the  greater  part  of  the  harbor  not 
less  than  200  feet.    The  mean  rise  of  the  tide  is  about  4  feet. 

Amount  available  July  1,1875 $9,998  95 

Amount  expended  during  fiscal  year  ending  June  30, 1876 2,974  17 

Amount  available  July  1 ,  1676,  including  $244.83  due  on  contracts 7, 0t4  78 

(See  Appendix  B  2.) 

3.  New  Bedford  Harbor,  Massachusetts, — In  the  season  of  1875  a  chan- 
nel 105  feet  wide  was  dredged  from  deep  water  near  Fair  Haven 
wharves,  across  the  shoal,  to  the  wharves  at  New  Bedford.  The  depth 
secured  was  15  feet  at  mean  low- water.  The  mean  rise  of  the  tide  is 
about  3  feet.  To  complete  this  channel  to  the  width  of  200  feet  will, 
according  to  the  original  estimate,  require  an  additional  appropriation 
of  $14,000. 

Amount  available  July  1, 1R75 $9,699  49 

Amount  expended  during  fiscal  year  ending  June  30, 1876 9, 625  62 

Amount  available  July  1,1876 73  87 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 4, 000  00 

Amount  that  can  bo  profitably  expended  in  fiscal  year  ending  June  30, 1878.  4, 000  00 

(See  Appendix  B  3.) 

4.  Taunton  River,  Massachusetts, — ^The  work  under  the  appropriation 
of  March  3,  1875,  consisting  of  dredging  and  removing  rocks  from  the 
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chanue],  has  been  completed.  There  are  yet  shoal  places  to  be  deep- 
ened and  scattering  rocks  to  be  removed,  which  will  require  an  addi- 
tional appropriation  of  95,000.  The  channel  is  now  essentially  9  feet 
deep  at  mean  high-water ;  in  the  narrowest  cuts  45  feet  wide,  and  in 
others  60  feet  wide.  The  river  is  not  navigable  at  low  tide  in  the  upper 
))art. 

Amount  available  July  1,1H75 $9,856  84 

Aruoaii t  expeudecl  during  fiscal  year  euding  Juue  30, 1676 8, 650  94 

Aniouat  available  July  1,1?!<76 1,205  90 

Amount  (estimated)  required  for  completion  of  existing  project 5, 000  00 

Amount  that  can  be  protitably  expended  in  tiscal  year  ending  June  30, 1878.     5, 000  00 

(J^ee  Appendix  B  4.) 

5.  Fall  River  Harbor^  Massachusetts, — The  work  under  the  last  appro- 
priatiju  has  completed  the  projected  channel  to  a  width  of  100  feet 
«ml  depth  of  12  feet  at  mean  low-water.  Tlie  mean  rise  of  the  tide  is 
about  4.7  feet. 

The  oiiginal  project  contemplates  a  gradual  widening  of  this  new 
channel  to  300  feet  at  each  end,  for  which  $5,000  will  be  required. 

Amount  available  July  1, 1875 814,386  77 

AmouDt  expended  during  the  fiscal  year  ending  June  30, 1876 13, 789  22 

Amount  available  July  1, 1876 597  55 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 5, 000  00 

Amount  that  cau  be  profitably  expended  in  fiscal  year  ending  June  30, 

1878 5,000  00 

(See  Appendix  B  5.) 

6.  Pawtucket  River  or  Seekonlc  Biver,  Rhode  Island, — During  the 
past  tiscal  year  the  dredging  required  in  this  river  was  completed.  The 
improved  channel  has  a  least  width  of  75  feet,  and  a  depth  of  7  feet  at 
mean  low-water.  The  mean  rise  of  the  tide  is  4^  to  5  feet.  At  Dun- 
nelPs,  Bass  Bock,  and  Swan  Point,  where  there  is  a  tendency  to  fill,  the 
depth  was  dredged  to  9  feet  at  mean  low- water.  The  stones  and  piles  of 
ao  old  bridge,  which  obstructed  the  east  opening  of  the  pivot-draw  of 
the  new  bridge,  were  removed. 

AmoDut  available  July  1,1875 §7,544  83 

Amount  expended  daring  fiscal  year  euding  June  30, 1876 5, 950  22 

Amount  available  July  1,1876 1,594  61 

(See  Appendix  B  6.) 

7.  Jtemoval  of  Bulkhead  Boclc^  Providence  Biver^  Rhode  Island, — Under 
an  appropriation  of  $2,500  in  1870,  this  rock  was  reduced  so  as  to  give  a 
depth  of  14  feet  at  mean  low- water.  Mean  rise  of  tide  is  about  4^  feet. 
The  safety  of  vessels  requires  that  there  should  be  a  depth  of  18  feet  at 
mean  low-water  over  this  rock,  for  which  $5,000  will  be  required. 

Amount  available  July  1, 1875 $74  98 

Amount  available  July  1,1876 ^      74  98 

Amount  (estimated)  required  for  completion  of  existing  project 5, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    5, 000  00 

(8ee  Appendix  B  7.) 

8.  Wickford  Harbor^  Rhode  Island. — Work  during  the  past  fiscal  year 
consisted  in  dredging  in  the  inner  part  of  the  harbor,  to  straighten  the 
channel.  No  further  improvement  is  required  at  present,  except  in  the 
vay  of  facilitating  the  approaches,  by  means  of  a  beacon  on  James 
liCdge,  and  a  change  of  the  light-house  to  the  vicinity  of  Old  Oay  Rock. 
This  harbor  is  now  used  as  part  of  the  daily  route  of  passengers  and 
mail  between  Newport  and  New  York,  and  requires  facilities  not  form- 

4  B 
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erly  demauded.    There  is  now  a  draught  of  from  9  to  10  feet  at  mean  low- 
water  into  the  harbor.    The  mean  rise  of  the  tide  is  about  3.7  feet. 

Amount  available  July  1, 1875 81,452  24 

Amount  expended  during  fiscal  year  ending  June  30,  lc^6 1|452  24 

(See  Appendix  B  8.) 

9.  Netcport  Harbor  J  Rhode  Island, — The  dredging  during  the  past  fiscal 
year  has  completed  the  project  originally  made,  with  the  exception  of 
the  cut  through  the  shoal  between  Lime  Eock  and  Goat  Island,  where 
it  was  designed  to  increase  the  depth  from  12|  feet  to  15  feet  at  mean 
low- water  for  a  width  of  300  feet.  The  material  was,  however,  found  so 
hard  that  a  cut  of  only  45  feet  in  width  could  be  made.  This  work,  with 
the  removal  of  the  sandshoal  at  the  southeast  of  Ooat  Island,  and  the 
construction  of  the  jetty  on  the  island  to  arrest  the  sands,  exhausted 
the  first  appropriation  of  $8,500.  The  two  subsequent  appropriations 
of  $10,000  each  have  been  used  in  dredging  a  channel  along  the  harbor 
line  and  two  approaches  to  the  wharves.  The  depths  in  these  channels 
yary  from  13  feet  to  10  feet  at  mean  low- water,  and  widths  from  250  feet 
to  50  feet,  depending  upon  the  importance  of  the  locality.  The  mean 
rise  and  fall  of  the  tide  is  about  3|  feet.  Further  dredging  would  in- 
crease the  anchorage  in  the  harbor,  which  is  much  used  as  one  of  refuge 
in  storms  and  adverse  winds.  The  amount  unexpended  will  be  needed 
to  mark  the  channel  and  close  up  the  work. 

Amount  available  July  1, 1875 $11,396  42 

Amount  expended  during  fiscal  year  ending  June  30, 1876 10, 442  36 

Amount  available  July  1,  1876 954  06 

(See  Appendix  B  9.) 

10.  Block  Island  Breakwater j  Rhode  Island, — The  condition  of  this  work 
is  substantially  as  reported  in  the  last  annual  report.  There  not  being 
sufficient  funds  available  to  proceed  advantageously  with  the  construc- 
tion, work  was  suspended  until  such  time  as  the  proper  amount  should 
be  secured.  The  next  work  to  be  done  is  the  building  of  a  detached 
breakwater,  to  guard  against  northeast  storms.  This  will  cost  about 
$60,000.  When  begun  it  should  be  built  rapidly,  without  interruption, 
for,  in  a  partially  finished  state,  it  would  be  of  little  benefit,  and  might 
prove  a  very  dangerous  obstruction. 

Amount  available  July  1, 1875 §26,449  53 

Amount  expended  during  fiscal  year  ending  June  30, 1876 4, 00 1  b3 

Amount  available  July  f,  1876 22,447  70 

Amount  appropriated  by  act  approved  August  14, 1876 40, 000  00 

•(See  Appendix  B  10.) 

11.  Pawcatuck  Biver^  Ehode  Island  and  Connecticut, — During  the  past 
fiscal  year  this  improvement  was  completed,  the  wharf-owners  at  the 
head  of  navigation  contributing  to  extend  the  dredging  in  front  of  their 
wharves.  There  is  now  5J  feet  depth  at  mean  low-water  throughout, 
with  a  dredged  channel  not  less  than  75  feet  in  width  up  to  Swann's 
wharf  in  Westerly.    The  mean  rise  of  the  tide  is  about  2y'^  feet. 

Amount  available  July  1, 1875 $9,793  34 

Amount  expended  during  fiscal  year  end  ing  June  30, 1876 9, 616  97 

Amount  available  July  1, 1876 176  37 

(See  Appendix  B  11.) 

12.  Connecticut  River  beloio  Hartford^  Conn. — During  the  low-water 
succeeding  the  freshet  in  1875,  shoals  became  troublesome  at  Hartford 
Bar,  Pratt's  Ferry  Bar,  and  Glastonbury  Bar,  at  which  places  dredging 
was  done  so  as  to  secure  a  depth  of  9  feet  at  low  tide. 

A  considerable  extension  was  made  to  the  east  jetty  over  Saybrook 
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Bar,  at  the  entrance  of  the  river  into  Long  Island  Sound.  So  far  this 
jetty  has  given  no  increase  of  depth  for  navigation,  as  it  continues 
shoal  beyond  the  end  of  the  jetty,  and  probably  will  continue  so  until 
the  structure  reaches  beyond  the  crest  of  the  bar  and  meets  the  deep 
water  and  strong  littoral  current  occasioned  by  the  Sound  tidal  currents. 
To  complete  this  jetty  $45,000  is  required,  which  can  only  be  done 
economically  by  having  the  amount  in  one  appropriation.  About  $5,000 
will  be  annnally  required  for  dredging  in  the  river. 

Amount  available  July  1, 1875 (19,705  61 

Amount  expended  during  fiscal  year  ending  June  30, 1876 19, 540  19 

Amount  available  July  1, 1876 165  42 

Amount  appropriated  by  act  approved  August  14, 1876 20, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 35, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    35, 000  00 

(See  Appendix  B  12.) 

13.  Cannectieut  River^  above  Hartford  and  below  Holyoke^  Connecticut 
and  Massachusetts, — ^There  has  been  do  low  water  during  the  past  fiscal 
year  to  require  any  expenditures  to  aid  navigation  on  this  portion  of  the 
river. 

The  results  of  the  surveys  of  former  years  have  been  prepared  for 
publication.  Some  interesting  results  of  measurements  on  the  resist- 
ances of  cords  of  different  sizes  to  currents  of  different  velocities  are 
given  in  Appendix  B  13  of  this  report.  There  have  been  three  appro- 
priations for  this  part  of  the  river,  which  have  been  but  partially  ex- 
pended. 

Above  Hartford  and  Mow  Enfield  Falls, 

Amount  available  July  1, 1875 J12,272  04 

Amount  available  July  1,1876 12,272  04 

Above  Enfield  Falls  and  below  Holyoke. 

Amount  available  July  1,  1875 10,702  92 

Amount  available  July  1,  lti76 10,702  92 

Above  Hartford  and  below  Holyoke. 

Amonnt  available  July  1,  1875 6,606  65 

Amount  expended  during  fiscal  year  ending  June  30,  1876 2, 774  82 

Amount  available  July  1,  1876 3.831  83 

(See  Appendix  B  13.) 

EXA^ONATIONS  AND  SURVEYS  FOB  IMPROVEafBNT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  March  3, 
1875,  Major  Warren  was  charged  with  the  following,  the  results  of  which 
were  transmitted  to  Congress  in  a  report  which  was  printed  iu  H.  B.  Ex. 
Doc.  No.  70,  44th  Cong.,  1st  sessioD. 

Survey  of  Idttle  Narragansett  Bay,  Rliode  Island  and  Connecticut. — (See 
Appendix  B  14.) 

HABBOBS  ON  LONG  ISLAND  SOUND. 

OfiQcer  in  charge,  Maj.  J.  W.  Barlow,  Corps  of  Engineers. 

1.  Stoningtan  Harbor,  Connecticut. — The  dredging  of  the  northern  half 
of  Penguin  Shoal  to  a  depth  of  12  feet  at  mean  low- water  has  been  com- 
pleted, increasing  the  area  of  anchorage-ground  about  22  acres. 

The  new  breakwater  was  begun  and  770  feet  built  by  contract,  com- 
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mencing  at  its  northwest  end,  in  35  feet  water.  This  work  will  extend 
from  the  vicinity  of  Wampassett  Point  (the  west  point  of  entrance  from 
Fisher's  Island  Sound)  in  a  general  southeasterly  direction  for  a  length 
of  about  2,000  feet. 

Amount  available  July  1, 1875 $37,489  52 

Amount  expended  during  fiscal  year  ending  June  30, 1676 36, 529  77 

Amount  available  July  f,  1876 959  75 

Amount  (estimated)  required  for  completion  of  existing  project 206,536  UO 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    50, 000  00 

(See  Appendix  0  1.) 

2.  New  Haven  Harbor^  Connecticut, — The  appropriation  of  March  3, 
1875,  is  being  applied  to  widening  the  channel  between  Long  wharf  and 
Belle  dock  to  400  feet,  with  a  depth  of  13  feet  at  mean  low-water. 

In  answer  to  a  resolution  of  the  Honse  of  Eepresentatives  of  Janu- 
ary 21,  1875,  estimates  were  prepared  by  the  officer  in  charge  for  the 
enlargement  of  the  channel  of  this  harbor  and  for  the  construction  of  a 
breakwater  to  afford  a  secure  anchorage  in  stormy  weather.  These  esti- 
mates were  submitted  in  my  last  annual  report.  Should  Congress  see  fit 
to  approve  this  project,  the  sum  of  8150,000  could  be  profitably  ex- 
pended during  the  next  fiscal  year. 

Luddington  Rock. — A  small  portion  of  this  rock  still  remains  above  the 
plane  of  removal.  The  amount  so  left  is  quite  small,  and  will  be  removed 
this  season.    No  additional  appropriation  is  required. 

Amount  available  July  1, 1875 §16,237  29 

Amount  expended  during  fiscal  year  ending  June  30,  1876 4,539  95 

Amount  available  July  1, 1»76,  including  82,496.21  due  on  contracts 11, 697  34 

(See  Appendix  C  2.) 

3.  Milford  Harbor^  Connecticut, — The  work  during  the  past  year  has 
been  the  construction  of  a  jetty  to  concentrate  the  effect  of  the  water 
from  Indian  Eiver  and  the  dredging  of  a  channel  100  feet  wide  and  4 
feet  deep  through  the  bar  at  the  upper  end  of  the  harbor. 

The  contract  for  the  latter  work  is  not  yet  completed.  It  is  desired 
to  continue  this  channel  to  the  town  docks,  and  for  this  purpose  $9,000 
is  asked. 

The  estimate  for  the  completion  of  the  breakwater  is  $55,000. 

Amount  available  July  1,1875 $13,059  11 

Amount  expended  during  fiscal  year  ending  June  3d,  1876 8,352  46 

Amount  available  July  1, 1876,  including  81^399.95  due  on  contracts 4, 706  65 

Amount  (estimated)  required  for  completion  of  existing  project 64,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878.  64, 000  00 

(See  Appendix  0  3.) 

4.  Housatonic  BiveVj  Connecticut — The  work  at  this  place  during  the 
past  fiscal  year  has  been  with  a  view  to  restoring  the  seven-foot  channel 
in  such  places  as  had  become  shoal. 

Ten  thousand  dollars  will  be  required  to  keep  the  channel  open  to 
seven  feet  depth  during  the  ensuing  year. 

Amount  available  July  1, 1875 $8,950  05 

Amount  expended  daring  fiscal  year  ending  Jnne  30, 1876 4, 489  94 

Amount  available  July  1, 1876 4, 460  11 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878.  10, 000  00 

(See  Appendix  G  4.) 

5.  Bridgeport  Harhor^  Connecticut — A  channel  of  12  feet  depth  at  mean 
low-water  has  been  dredged  to  a  width  of  100  feet,  extending  from  the 
head  of  the  harbor  to  Long  Island  Sound. 

An  increase  of  the  width  of  this  channel  to  200  feet,  it  is  estimated, 
will  cost  $25,000. 
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Amonnt  available  JD]y  1,1875 822,817  09 

Amount  expended  daring  fiscal  year  ending  Jane  '<S0, 1876 22, 762  24 

AmoQDt  available  Jnly  1, 1876 54  85 

Amoaat  appropriated  by  act  approved  Aagnst  14, 1676  ^ 10, 000  00 

Amonnt  (estimated)  req  aired  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  profitably  expended  ia  fiscal  year  ending  Jane  30, 1878.  25, 000  00 

(See  Appendix  C  5.) 

6.  Sauthport  Harbor,  Connecticut. — A  coping  has  been  built  on  the 
breakwater,  increasing  its  height  2  feet.  This,  with  a  fence  135  feet 
long  and  2^  feet  high,  it  is  expected  will  prevent  the  sand  washing  over 
into  the  channel. 

No  appropriation  is  asked  for  the  next  fiscal  year. 

Amoantayailable  July  1, 1875 $5,000  00 

Amoimt  expended  daring  fiscal  year  ending  Jaae  30, 1876 4, 616  01 

Amonnt  available  July  1, 1876 383  99 

Amount  appropriated  by  act  approved  August  14, 1876 5, 000  00 

(See  Appendix  0  6.) 

7.  NortraJJc  BivcF,  Connecticut. — The  channel  below  the  wagon-bridge 
at  Soath  Norwalk  has  been  widened  to  100  feet,  and  the  channel  60  feet 
wide  has  been  made  continnons  from  the  wagon-bridge  to  Norwalk. 

It  is  prmosed  to  widen  this  npper  channel  to  100  feet,  at  an  estimated 
cost  of  $30,000,  and  for  this  pnrpose  $15,000  is  asked  for  the  next  fiscal 
year. 

Amount  available  July  1,  1875 $12,566  94 

AmoDQt  expended  daring  fiscal  year  ending  Jane  30, 1876 12, 376  32 

Amount  available  July  1, 1876 190  62 

Amount  (estimated)  required  for  completion  of  existing  project 30, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1878.     15, 000  00 

(See  Appendix  C  7.) 

8.  Port  Jefferson  Harbor,  Long  Island,  New  TorJc. — Daring  the  past 
fiscal  year  a  jetty  475  feet  long  has  been  built  on  the  west  side  of  the 
entrance  with  a  beneficial  result  already  evident.  It  is  desirable  to  ex- 
tend this  jetty  and  to  repair  and  lengthen  the  one  on  the  east  side. 

For  these  purposes  $20,000  can  be  profitably  expended. 

Amount  available  July  1, 1875 §15,988  1^7 

Amount  expended  daring  fiscal  year  ending  June  30,  1876 4, 982  14 

Amount  available  July  1,  1876,  including  ^2,022.90  doe  on  contracts 1 1 ,  006  23 

Amount  appropriated  by  act  approved  August  14,  1876 6, 000  00 

Amonnt  (estimated )  required  for  completion  of  existing  project 22, 250  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878.  20, 000  00 

(See  Appendix  0  8.) 

9.  Peconic  River,  Long  Island,  Neic  York. — No  work  was  done  on  the 
improvement  of  this  river  daring  the  past  fiscal  year.  The  dredged 
channel  remains  in  good  condition. 

There  is  a  balance  of  $285.45  of  the  appropriation  of  March  3, 1873. 
(See  Appendix  G  9.) 

EXAMINATIONS  AND  SURVEYS  FOB  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  March  3, 
1875,  Marjor  Barlow  was  charged  with  the  survey  of  the  channel  of  West 
Haven  Harbor ,  Connecticut    For  his  report  thereon  see  Appendix  0  10 . 
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IMPROVEMENT  OP  HUDSON  RIVER— REMOVAL  OF  OBSTRUCTIONS  IN 
EAST  RIVER,  INCLUDINO  HELL  OATE— IMPROVEMENT  OF  HARLEM 
RIVER  AND  EAST  CHESTER  CREEK,  AND  OF  THE  HARBORS  OF  PORT 
CHESTER  AND  RONDOUT,  IN  NEW  YORK— PASSAIC  RIVER  AND  THE 
CHANNEL  BETWEEN  STATEN  ISLAND  AND  NEW  JERSEY— HARBORS 
ON  LAKE  CHAMPLAIN. 

Officjer  in  charge,  Lieut.  Col.  John  Newton,  Corps  of  Engineers,  who 
has  ander  his  immediate  ordei'S  Capt.  W.  H.  Heuer  and  Lieut.  J.  U. 
Willard,  Corps  of  Engineers. 

1.  Improvement  of  Hudson  River^  New  York. — The  operations  during 
the  fiscal  year  have  been  as  follows : 

1.  Surveys  were  made  and  maps  constructed  of  Round  and  Fish-house 
Shoals,  Cuylers  Bar,  Old  State  Dam^  Winnie's  Bar,  Cedar  Hill  Bar, 
Coeymans,  New  Baltimore,  and  Overslaugh. 

2.  At  New  Baltimore  there  were  begun  and  finished — 

Of  the  new  dike 2,914  feet- 

Of  the  cross  dike *.---      314  feet* 

3.  Five  thousand  cubic  yards  were  dredged  from  channel  at  New  Bal- 
timore, 7,000  cubic  yards  from  Cedar  Hill  Bar,  and  12,000  cubic  yards 
from  Coeymans  Bar. 

4.  liepairs  were  made  to  crib-dikes  at  Hill  House,  Base  and  Patroon's 
Islands,  the  Bath,  Van  Wies,  and  Cow  Island  dikes,  (the  latter  raised 
one  foot, )  to  the  Cedar  Hill  and  Castleton  dikes,  and  the  dikes  at 
Coeymans. 

5.  Willows  were  planted  along  Cow  Island  dike,  at  Staats  dike,  on 
the  shoal  northeast  of  Coeymans,  and  on  the  lower  end  of  Schermerhorn 
Island.  ' 

Amount  available  July  1, 1875 ?39,770  63 

Amoant  expended  daring  fiscal  year  ending  June  30, 1876 34, 255  54 

Amount  available  July  1,1876 5,515  09 

Amount  appropriated  by  act  approved  August  14,  1876 50, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 164, 116  47 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J  une  30, 1&76 .  66, 000  00 

(See  Appendix  D  1.) 

2.  Removing  obstructions  in  East  River  and  Hell  Gate,  New  York, — 
HalleVs  Point. — During  the  year  the  work  has  been  confined  to  drilling 
holes  in  the  roof  and  piers  preparatory  to  the  final  blast.  The  roof  of 
the  mine  contains  5,375  holes,  each  3  inches  in  diameter,  and  averaging 
9  feet  in  length ;  the  piers  contain  1,385  holes,  of  which  288  are  2 
inches  in  diameter,  the  balance  being  3  inches  in  diameter,  and  aver- 
aging 9  feet  in  length. 

Flood  Rock. — During  the  year  two  shafts,  65  feet  apart,  have  been  par- 
tially completed,  the  larger  one  being  10  by  20  feet  in  plan  and  51  feet 
deep,  the  bottom  being  41  feet  below  mean  low  water ;  the  smaller  shaft 
is  about  12  feet  square  in  plan  and  is  32  feet  deep.  The  aggregate 
length  of  tunnels  driven  from  the  two  shafts  is  229  feet. 

Number  of  holes  drilled 13,826 

Number  of  drills  sharpened 4,691 

Loss  of  steel  by  abrasion  and  dressing,  pounds 359 

Cost  of  drilling  per  linear  foot  of  holes,  cents.. 42 

Cubic  yards  or  rock  removed 1,462 

Operations  of  Steam-drilling  Scoic. — Coenties  Reef — The  removal  of 
this  reef  was  completed  August  27,  1875,  a  depth  of  25}  feet  at  mean 
low  water  having  been  obtained. 

Cubic  yards  of  rock  removed 1,375 

Number  of  drill-hole  blasts  made 40 
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Nomberof  sarfaoe-blasts  made 5 

Nomber  of  holes  drilled 271 

Number  of  feet  drilled 2,017.93 

Nitro-glycerine  need,  pounds 13,840^ 

Dynamite,  pounds.... «. 88 

Cost  per  cQDic  yard $33.89 

Diamand  Eeef. — The  scow  was  engaged  on  this  reef  from  October  8, 
1875f  to  November  24, 1875,  and  resulted  in  the  removal  of  a  part  of 
the  reef  to  a  depth  of  26  feet  at  mean  low  water.  Work  had  to  be  sus- 
pended for  want  of  fands* 

Cabio  yards  of  rock  removed 971.7 

Namberof  driU-hole  blasts  made 19 

Number  of  snrfaoe-blasts  made .  4 

Number  of  holed  drilled.... 131 

Number  of  feet  drilled l,318i 

Nitro-glycerine,  i>ounds 8,581 

Cost  per  cubic  yard $24  53 

Amonnt  available  Jnly  1, 1875 $252,718  46 

Amount  expended  during  fiscal  year  ending  June  30, 1876 198, 577  00 

Amount  available  July  1, 1876 54,141  46 

Amount  appropriated  by  act  approved  August  14, 1876 250, 000  00 

Amonnt  (estimated)  required  lor  completion  of  existing  project 3,213,278  55 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

l:?rrf 600,000  00 

(See  Appendix  D  2.) 

3.  Dredging  in  Hudson  River^  opposite  Jersey  City, — CTnder  contract, 
105,924  cabic  yards  of  soft  material  were  dredged  from  the  river  in  the 
Wcinity  of  the  Canard  Docks  and  Jersey  Ferry  slips,  and  by  hired  labor 
57,715  cabic  yards,  making  a  total  of  163,639  cabic  yards  of  material 
removed. 

Amount  available  July  1,1875 $23,756  63 

Amount  expended  during  fiscal  year  ending  Jane  30, 1876 23, 655  58 

Amount  available  July  1, 1876,  including  S93  due  ou  contracts 101  05 

AmOQut  (estimated)  required  for  completion  of  existing  project 76, 807  20 

Amonnt  tbat  can  he  profitably  expended  in  fiscal  year  ending  June  30, 1878.     76, 800  00 

(See  Appendix  D  3.) 

4.  Improvement  of  Harlem  Biver^  New  JbrL-r-Operations  were  con- 
dneted  with  the  steam-drilling  scow,  and  resnited  in  the  removal  of  the 
reef  off  East  125th  street,  from  a  depth  of  9  feet  to  that  of  14J  feet  at 
mean  low  water,  in  36  working  days,  from  Angust  27, 1875,  to  October 
7,  1875. 

Cobic  yards  of  rock  removed 1,003 

Xnniber  of  drill-bole  blasts  made 13 

Number  of  surface-blasts  made 2 

Number  of  holes  drilled 102 

Nnmber  of  feet  drilled 931.16 

Nitro-glycerine  used,  pounds 5,774 

Cost  per  cubic  yard $16  53 

Amonnt  available  July  1, 1875 $17,673  26 

Amonnt  expended  during  fiscal  year  ending  June  30, 1876 17, 673  26 

Amonnt  (estimated)  required  for  completion  of  existing  project 146, 875  56 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    50, 000  00 

(See  Appendix  D  4.) 

5.  Improvement  of  Passaic  Biver,  New  Jersey. — Belleville  Bar. — The 
channel  cat  throngh  this  bar  has  been  swept  over  and  some  loose  stones 
taken  np ;  a  projection  of  solid  rock  was  also  foand,  which  reqaired  a 
8ar&ce-j[>la8t  to  break  it  ap  for  removal. 

Butherfard  Park  Bar. — ^The  small  drilling-scow  was  employed  in  drill- 
ing and  blasting  projecting  masses  of  bed-rock  for  the  parpose  of  straight- 
ening the  cat  throagh  this  bar }  the  broken  rock  was  removed  by  means 
of  a  small  grapple  rigged  to  the  drilling-scow. 
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RoUmam  Bar. — By  hired  labor  a  cat  has  been  made  through  this  bar 
1,300  feet  long,  50  feet  wide  at  the  top,  and  40  feet  wide  on  the  bottom, 
eriving  a  depth  of  6  feet  at  low  water. 

A  cut  of  300  feet  was  also  made  through  a  small  bar  above  Holsmans. 

Amount  available  July  1, 1875 $17,234  10 

Amount  expended  during  fiscal  year  ending  June  30, 1876 16, 770  63 

Amount  available  July  1, 1876 463  47 

Amount  appropriated  by  act  approved  August  14,  1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 24, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878 .  24, 000  00 

(See  Appendix  D  5.) 

6.  Improvement  of  East  Cheater  CreeJcj  New  York, — No  work  has  been 
done  during  the  year,  the  State  commissioners  not  having  as  yet  snc- 
ceeded  in  obtaining  a  title  to  all  the  several  parcels  of  land  required, 
one  parcel  yet  remaining  unsettled.  The  prospect  is,  at  present,  that 
this  will  be  adjusted  at  an  early  date. 

Amount  available  July  1, 1875 $32,519  79 

Amount  expended  during  fiscal  year  ending  June  30, 1876 1, 698  97 

Amount  available  July  1,  1876 30,820  ^2 

Amount  (estimated)  required  for  completion  of  existing  project 136,500  00 

Amount  that  cat^be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .  ■ 

(See  Appendix  D  6.) 

7.  Improvement  of  Port  Chester  Harbor ^  New  YorJc, — ISio  appropriation 
having  been  made  for  this  work,  no  operations  were  conducted  during 
the  year. 

Amount  available  July  1, 1875 $2,236  70 

Amount  available  July  1, 1876 2,236  70 

Amount  (estimated)  required  for  completion  of  existing  project 84, 632  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878, 

to  complete  the  removal  of  sunken  rocks 60,000  00 

(See  Appendix  D  7.) 

8.  Improvement  of  Bondout  Harbor y  New  TorJc, — No  appropriation  hav- 
ing been  made  for  this  work,  no  operations  were  conducted.  Some  re- 
pairs were  made  to  the  pile  dike  and  to  the  crib  sunk  on  the  end  of  the 
dike,  an  allotment  of  $1,000  having  been  made  for  that  purpose  from  the 
appropriations  for  repairs  of  harbors  on  the  Atlantic  coast  and  contin- 
gencies of  rivers  and  harbors,  &c. 

Amount  available  July  1,  1875 $9  31 

Amount  available  J nly  1, 1876 9  31 

Amount  appropriated  by  act  approved  August  14, 1876 30, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 112, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    74, 000  00 

(See  Appendix  D  8.) 

9.  Improvement  of  the  channel  between  Staten  Island  and  Neto  Jersey. — 
The  board  of  engineers  appointed  to  examine  and  report  a  plan  for  the 
improvement  of  this  channel  made  their  report  December  15, 1875,  and 
submitted  the  following  estimate : 

Dred||^ng, 230,000  cubic  yards, at  16  cents |36,d00  00 

Contmgencies,  10  per  cent 3,680  00 

40, 480  00 

Amount  available  July  1, 1875 254  24 

Amount  expended  during  fiscal  year  ending  June  30, 1876 24  50 

Amount  available  July  1, 1876 229  74 

Amount  appropriated  by  act  approved  August  14, 1876.... 10^000  00 

Amount  (estimated)  reauired  lor  completion  of  existing  project 30, 480  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endmg  June  30, 1678 .  10, 000  00 

(See  Appendix  D  9.) 
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10.  Improvement  of  the  harbor  at  Plattshurgh^  New  rorfc.— rDuring  the 
year  no  operations  have  been  condncted. 

Amonnt  available  July  1,  1875 $5,473  92 

Amoant  expended  dnring  fiscal  year  ending  Jane  30, 1876 532  40 

Amoant  available  Jnly  1, 1876 4,941  52 

11.  Improvement  of  the  harbor  at  Burlington^  Vermont. — During  the 
year  the  saperstrncture  of  the  extension  of  145  feet  of  breakwater  has 
been  completed  and  the  crib-work  for  an  extension  of  160  feet  in  a  north- 
erly direction  has  been  sunk  and  filled  with  stone. 

In  the  month  of  February,  1876,  the  southern  end  of  the  breakwater 
was  very  much  injured  by  a  succession  of  ice-floes  coming  in  contact 
with  it  during  the  prevalence  of  a  teriific  northwesterly  storm. 

Amoant  available  Jnly  1, 1875 ^33,038  3^ 

Amoant  expended  duriag  fiscal  year  eoding  Jane  30, 1676 25, 447  6^ 

Amoant  available  Jnly  1, 187G,  includiog  $6,460  dae  on  contracts.... 7, 590  7^ 

Amoant  appropriated  by  act  approved  Aagast  14,  1876 20, 000  OO 

Amount  (estimat-ed)  required  for  completion  of  existing  proj ect 295, 000  OO 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1678 .  50, 000  00 

(See  Appendix  D  10.) 

12.  Improvement  of  the  harbor  at  Swanton,  Vermont — During  the  year 
the  superstructure  of  the  extension  of  70  feet  of  breakwater  has  been 
completed,  and  the  damage  done  to  the  crib  by  the  ice  in  April,  1875, 
has  been  repaired. 

The  crib- work  for  an  extension  of  69  feet  has  been  sunk  and  filled 
with  stone. 

Amoant  available  Jaly  1, 1875 $12,843  91 

Amoant  expeoded  daring  fiscal  year  ending  Jane  30, 1676 9, 432  06 

Amoant  available  Jnly  1, 1876,  inclndiDg  $2,470.20  due  oa  contracts 3, 411  85 

Amoant  appropriated  by  act  approved  Aagast  14, 1676 2, 000  00 

Amoant  (estimated)  reqaired  for  completion  of  existing  project 237, 160  00 

Amonat  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878 .  50, 000  00 

(See  Appendix  D  11.) 

13.  Improvement  of  Otter  CreeJc^  Vermont — During  the  year  the  creek 
was  dredged  by  contract,  and  13,000  cubic  yards  of  silt,  stone,  clay, 
gravel,  and  sunken  logs  removed. 

The  improvements  thus  far  made  enable  vessels  to  ascend  with  their 
cargoes  to  within  150  feet  of  the  "Horse  Nail  factory  wharf.'' 

Amount  available  Jnly  1, 1875 $5,0«6  47 

Amount  expended  daring  fiscal  year  ending  June  30,  1676 5, 022  78 

Amount  available  July  1,  1876 , 63  69 

Amoant  (estimated)  reqaired  for  completion  of  existing  project 43, 146  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1876.  43, 000  00 

(See  Appendix  D  12.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPEOVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  March  3^ 
1875,  Lieatenant-Golonel  Newton  was  charged  with  and  has  completed 
the  following : 

L  Examination  at  Rouses  Pointy  Lake  Champlain^  New  York, — (See 
Appendix  D  13.) 

2.  Survey  at  Port  Henry ^  Lake  Champlain^  Neve  lorfc.— (See  Appendix 
D14.) 

3.  Survey  of  Echo  Harbor j  New  Bochelle^  New  York. — (See  Appendix  D 
15.) 
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CONSTRIJCTION  OF  PIER  AT  LEWES,  BEL.— HARBOR  IHPROVEHENTS  ON 
DELAWARE  RIVER  AND  BAY— IMPROVEMENT  OP  THE  NAVIGATION 
OP  DELAWARE  AND  SCHUYLKILL  RIVERS ;  OF  BROADKILN  RIVER, 
DELAWARE ;  AND  OF  SHREWSBURY  RIVER  AND  COHANSEY  CRE£K, 
NEW  JERSEY— DELAWARE  BREAKWATER  HARBOR. 

Officer  in  charge,  Lieut  Col.  J.  D.  Kartz,  Corps,  of  Engineers,  with 
Oapt.  M.  ft.  Brown,  Corps  of  Engineers,  under  his  orders  to  October  28, 
1875. 

1.  Construction  of  pier  near  Lewes^  Delaware. — ^During  the  fiscal  year 
work  on  the  pier  has  been  advanced  as  follows :  The  delivery  of  the  35 
pile-shafts,  and  their  corresponding  screws,  caps,  braces,  and  other  parts 
manufactured  under  the  contract  of  April  24,  1875,  was  commenced 
early  in  July,  and  the  last  shipment  was  made  in  October. 

Thirty  piles  have  been  inserted,  the  first  row  of  5  piles,  1,428  feet, 
and  the  last  1,533  feet  from  the  abutment  zero,  increasing  the  length  of 
the  substructure  126  feet,  and  the  depth  of  water  from  19  to  21  feet  at 
low-water. 

The  superstructure  was  lengthened  from  1,302  feet  to  1,428  feet,  or  126 
feet. 

The  near  exhaustion  of  the  appropriation  in  October  required  a  sus- 
pension of  operations,  leaving  on  hand  iron  material  for  2  more  bays, 
or  42  linear  feet  of  substructure. 

During  the  fiscal  year  ending  June  30, 1877,  it  is  proposed,  should  an 
appropriation  be  made  for  the  purpose,  to  place  in  position  the  material 
on  hand,  to  contract  for  other  material  for  4  bays,  and  to  place  it  in  the 
work. 

Amount  available  July  1,  1875 §39,293  90 

Amount  expended  during  fiscal  year  ending  June  30, 1876 39, 218  47 

Amount  available  July  1,1876 75  43 

Amount  appropriated  by  act  approved  August  14, 1876 30, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 70, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  70, 000  00 

(See  Appendix  E  1.) 

2.  Ice-harbor  at  New  CastlCj  Delaware. — A  new  stone  ice-pier  has  been 
completed  daring  the  year,  and  the  outer  end  of  the  coal-wharf,  below 
the  harbor,  has  been  removed  for  a  distance  of  108  feet  from  the  head. 
The  present  fiscal  year  it  is  proposed  to  complete  the  removal  of  this 
wharf  to  the  line  established  by  the  town  commissioners. 

Next  year  it  is  proposed  to  constract  another  ice-pier  at  this  harbor, 
and  to  dredge  out  the  accamalated  sediment,  for  which  purpose  an  ap- 
propriation of  $28,500  is  asked. 

Amount  available  July  1, 1875 $34,043  70 

Amount  expended  during  fiscal  year  ending  June  30, 1876 30, 949  30 

Amount  avaUable  July  1,1876 3,094  40 

Amount  appropriated  by  act  approved  August  14, 1876 12, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 28, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  28, 500  00 

(See  Appendix  E  2.) 

3.  Wilmington  Harbor^  Delaware. — Daring  the  past  year  work  has 
been  in  progress  along  the  channel  of  the  river  near  the  entrance,  just 
above  and  below  3rd  street,  and  above  Market  street.  The  result 
has  been  to  increase  the  width  of  the  channel  at  the  locality  near  the 
month  to  300  feet,  and  above  3rd  and  Market  streets  to  150  feet,  and 
in  each  case  to  afford  12  feet  depth  of  water  at  low  tide.  At  the  rock 
excavation  the  depth  has  been  made  13  feet. 
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It  is  proposed  the  present  season  to  remove  by  dredging,  between  the 
month  of  the  Brandy  wine  and  just  above  Market  street,  about  21,000 
cubic  yards  of  mnd,  and  jnst  below  3rd  street  210  cnbic  yards  of  rock, 
which  will  complete  the  improvement  at  that  point. 

Next  season  it  is  proposed  to  remove,  by  dredging,  between  the 
month  of  the  river  and  the  mouth  of  the  Brandywine,  about  70,000 
cubic  yards  of  mud.    This  will  require  an  appropriation  of  $20,000. 

Amount  srailable  July  1, 1875 $10, 129  34 

Amoant  expended  during  fiscal  year  ending  Jane  30, 1876 10, 009  05 

Amount  available  July  1, 1876 120  29 

Amount  appropriated  by  act  approved  August  14, 1876 16, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 20, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 . .    20, 000  00 

(See  Appendix  E  3.) 

4.  Marcus  Hook  Harbor^  Pennsylvania, — During  the  year  important 
repairs  have  been  made  to  the  lower  outer  Ice-pier.  The  damage  sus- 
tained by  the  pier  from  collision  of  an  iron-steamship  was  more  serious 
than  was  apparent  upon  the  first  examination,  and  the  cost  for  repairs 
in  excess  of  the  original  estimate,  which  was  $1,650,  the  cost  being 
finally  $2,509. 

It  is  proposed  to  examine  the  river-bottom  around  the  bases  of  the 
four  piers  with  a  view  of  protecting  them  with  a  riprap  wall,  should 
their  condition  require  it. 

Amount  available  July  1,1875 $9,497  53 

Amount  expended  during  fiscal  year  endiug  June  30,  1876 2, 795  62 

Amount  available  July  1, 1676 6,701  91 

(See  Appendix  E  4.) 

5.  Ice  Harbor  at  Chester^  Pennsylvania, — Since  the  year  1873,  when 
the  connecting  bridges  to  the  upper  line  of  jners  were  renewed,  no  work 
has  been  done  at  this  harbor.  A  portion  of  the  upper  timber-work,  at 
upper  and  lower  piers  and  wharves,  and  the  bridge  to  the  lower  pier, 
require  renewing;  also,  minor  repairs  are  needed  to  the  connecting 
bridges  to  upi)er  piers,  and  to  the  earth  and  stone  causeway  leading 
from  lower  pier  back  to  the  fast  land. 

Should  an  appropriation  be  made  available,  it  is  proposed  to  execute 
the  repairs  required  at  this  harbor  during  the  present  season. 

Amount  appropriated  by  act  approved  August  14, 1876 $2, 600 

Amount  (estimated)  required  lor  completion  of  existing  project 3, 400 

Amount  that  can  be  profitably  expended  in  fiscal  year  endiug  June  30,  ld7S 3, 400 

(See  Appendix  E  5.) 

6.  Im'provemeiit  of  Schuylkill  River,  Pennsylvania, — During  the  past 
year,  dredging  has  been  done  at  the  month  ;  near  Girard  Point ;  above 
Penrose  Ferry  bridge,  and  near  Gibson's  Point.  In  all  cases  the  depth 
of  water  attained  is  20  feet  at  low  tide.  Except  for  a  short  strip  just 
above  Penrose,  an  uninterrupted  channel  now  exists  from  the  mouth  to 
Gibson's,  with  not  less  than  150  feet  in  width  and  20  feet  depth  at  low 
water. 

It  is  proposed  during  the  present  season  to  remove  a  small  amount  of 
deposit  from  the  mouth  of  the  river ;  3,000  cubic  yards  of  gravel  from 
the  channel  above  Penrose  Ferrj^  bridge  to  complete  the  work  there ; 
18,000  cubic  yards  of  coarse  material  and  150  cubic  yards  of  rock  from 
the  channel  near  Gibson's,  and  8,000  cubic  yards  of  material  trom  the 
cbaooel  above  Gibson's  Point. 

It  is  recommeuded  to  increase  the  width  and  depth  of  the  channel  at 
the  mouth  of  the  river,  the  former  to  300  feet  and  the  latter  to  24  feet 
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at  an  estimated  cost  of  $75,000,  in  order  to  accommodate  the  great  grain 
trade  dow  condacted  at  the  Girard  Point  elevator. 

Next  year  it  is  proposed  to  remove  abont  140,000  cnbic  yards  of  mad 
between  the  month  and  Girard  Point,  to  obtain  ultimately  24  feet  depth 
at  low  water,  and  150  cubic  yards  of  rock  from  the  channel  above  Gib 
son's. 

Amount  available  July  1, 1875 $19,759  34 

Amount  expended  during  fiscal  year  ending  June  30,  1676 19, 659  49 

Amount  available  July  1,  lti76 99  85 

Amount  appropriated  by  act  approved  August  14,  1876 20, 000  00 

Amount  (estimated)  required  tor  completion  of  existing  project 209,700  00 

Amount  that  can  be  proHtably  expended  in  fiscal  year  ending  June  30, 1678.  GO,  000  00 

(See  Appendix  E  6.) 

7.  Improvement  of  Delaware  River  at  Fort  Mifflin  Bar. — During  the 
fiscal  year  ending  June  30,  1876, 125,016  cubic  yards  of  material  have 
been  removed,  affording  22  feet  depth  of  water  at  low  tide. 

Operations  have  been  in  progress  under  two  contracts,  and  under 
appropriations  made  by  acts  dated  respectively  June  23,  1874,  and 
March  3, 1875.  The  work  ceased  April  5,  1876,  under  the  latter  appro- 
priation, and  was  then  continued  under  the  appropriation  for  improving 
the  Delaware  Biver  between  Petty's  Island  and  its  mouth. 

Amount  available  July  1, 1875 839,959  89 

Amount  expended  during  fiscal  year  ending  June  30,  1876 39, 959  89 

(See  Appendix  E  7.) 

8.  Improvement  of  Delaware  River  hettceen  Peity^s  Island  and  its  mouth. — 
During  the  fiscal  year  ending  June  30,  1876,  operations  have  been 
applied  under  this  appropriation  to  improvements  at  Fort  Mifflin  Bar, 
Bulkhead  shoals,  and  the  channel  below  Keedy  Island. 

At  Port  Mifflin  Bar,  96,221  cubic  yards  of  material  were  removed,  the 
extent  of  the  excavation  being  about  2,500  feet  in  length  and  200  feet 
in  width,  the  new  channel  being  now  about  1,200  feet  wide,  with  about 
22  feet  depth  at  ordinary  low  tide. 

At  Bulkhead  Shoals  about  98,000  cubic  yards  of  material  were  removed 
from  a  shoal  at  the  "  Bend.''  A  cut  2,800  feet  in  length  and  250  feet  in 
width  was  made,  with  a  depth  of  water  of  21  feet  at  low  tide. 

Below  Eeedy  Island  a  sunken  wreck  has  been  removed  from  the  main 
sVip  channel. 

It  is  proposed  during  the  present  season  to  remove  accumulations  of 
mud  that  have  taken  place  in  Fort  Mifflin  Bar  cut  and  at  its  southern 
outlet,  to  continue  the  improvement  at  Bulkhead  Shoals,  and  remove 
existing  shoal  points  on  the  northern  and  western  side  of  the  channel. 

^N^ext  year  it  is  proposed  to  continue  the  removal  of  shoal  points  along 
the  easterly  side  of  Bulkhead  Channel,  lower  down  the  river. 

Amount  available  July  1, 1875 J49,075  55 

Amount  expended  dnnng  fiscal  year  ending  June  30, 1876 49, 075  55 

Amount  appropriated  by  act  approved  August  14, 1876 40, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 235, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  100, 000  00 

(See  Appendix  E  8.) 

9.  Improvement  of  Delaware  River  between  Trenton  and  White  Hillf  New 
Jersey.'--The  appropriation  of  tlO,000,  made  by  act  of  March  3, 1875, 
was  expended  in  improving  the  channel  around  Periwig  Island.  A 
channel  with  a  width  of  125  feet  and  a  depth  of  6  feet  at  low-water  was 
the  result  of  the  operations.    If  a  further  appropriation  be  made,  it  will 
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be  applied  at  the  same  locality,  to  remedy  obstriictious  caused  by  freshets, 
and  to  widen  the  channel. 

Amonnt  available  July  1, 1875 $10,000 

Amount  expended  daring  fiscal  year  ending  Jane  30,  1876 10, 000 

Amonnt  (estimated)  required  for  completion  oi  existing  project 30, 000 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 10, 000 

(See  Appendix  E  9.) 

10.  Improvement  of  BroadMln  Biver,  Delatcare. — The  appropriation 
for  this  work  was  exhansted  in  1874,  since  when  no  farther  appropria- 
tion has  been  made. 

Amount  (estimated)  required  for  the  completion  of  existing  project., ^0, 447 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 10, 000 

(See  Appendix  E  10.) 

11.  Improvement  of  the  north  and  south  branches  of  Shrewsbury  River^ 
3>ir  Jersey. — No  appropriation  was  made  for  the  last  fiscal  year. 

A  snrvey  has  been  made  at  several  places,  and  an  estimate  of  $18,006 
submitted  for  the  improvement  of  the  river  at  Upper  and  Lower  Kocky 
Points. 

Should  it  be  the  intention  of  Congress  to  continue  this  improvement, 
tbe  sum  of  $13,000  will  be  reqaired  for  the  fiscal  year  ending  June  30, 
1878. 

(See  Appendix  E  11.) 

12.  Improvement  of  Cohansey  Creek^  New  Jersey. — No  appropriation 
was  made  for  the  fiscal  years  ending  June  30, 1875  and  1876,  for  con- 
tinuing this  improvement. 

An  appropriation  is  asked  for  widening  and  deepening  the  channel 
iD  accordance  with  the  original  project  for  the  work. 

Amount  (estimated)  required  for  completion  of  existing  project $20, 000 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 10, 000 

(See  Appendix  E  12.) 

13.  Delaware  Breakwater  Harbor. — Nothing  has  been  done  by  the 
United  States  during  the  year  to  the  works  forming  this  harbor. 

By  permission  of  the  War  Department  the  Western  Union  Telegraph 
Company  have  occupied  the  old  lighthouse  building  on  the  Breakwater 
as  a  telegraph  station,  and  have  erected  a  line  of  poles  and  wires  along 
the  structure,  the  connection  with  the  shore-line  being  made  by  means 
of  a  cable  laid  across  the  channel  to  the  beach  opposite. 

(See  Api)eDdix  E  13.) 

14.  Port  Wardens'  Line^  Philadelphia^  Pa, — This  question  remains  as 
last  reported,  nothing  on  the  subject  having  been  heard  from  the  mu- 
nicipal authorities  of  Philadelphia. 

EXAHINATIONS  AND  SURVEYS  FOB  EVIPBOYEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  March  3, 
1875,  Lieutenant  Colonel  Kurtz  was  charged  with  and  has  completed 
the  following : 

1.  Examination  of  the  piers  at  Marcus  Hook,  Pa, 

2.  Examination  of  the  lower  pier  at  Chester,  Pa. 

The  results  of  these  examinations  were  submitted  with  my  last  annual 
report. 

3.  Survey  of  the  north  and  south  branches  of  Shretcsbury  River j  Xew 
Jersey. 

(See  Appendix  E  14.) 


62  REPORT   OF   THE   CHIEF   OF   ENGINEERS. 

IMPROYE^IENT  OF  HARBORS  AND  RIVERS  OF  CHESAPEAKE  BAT,  MART- 
LAJSD;  OF  JAMES  AND  APPOMATTOX  RIVERS,  VIRGINIA,  AND  OF  THE 
CAPE  FEAR  RIVER,  NORTH  CAROLINA. 

Officer  in  charge,  Mty.  William  P.  Graighill,  Corps  of  EDgineers,  who 
has  had  aoder  his  immediate  orders  Gapt.  G.  B.  Phillips,  daring  the 
fiscal  year,  and  Lient.  Edward  Magnire,  Corps  of  Engineers,  nntil  May 
5, 1876. 

1.  Impravement  of  Susquehanna  Rivera  near  Havre  de  Oraee^  Maryland. — 
No  appropriation  was  made  for  this  work  daring  the  fiscal  year  ending 
Jane  30, 1376,  and  no  work  of  any  kind  has  been  done.  No  examina- 
tion of  it  conld  be  made,  and  its  condition  is  therefore  not  known. 

(See  Appendix  F  1.) 

2.  Improvement  of  Northeast  River^  Maryland, — ^No  fnnds  have  been 
available  for  this  locality  during  the  fiscal  year.  No  examination  of  it 
could  be  made,  and  its  present  condition  is  therefore  not  known. 

(See  Appendix  F  2.) 

3.  Improvement  of  Elk  River,  Maryland. — After  some  difficulty  and 
delay  in  finding  a  contractor  for  this  locality,  at  a  suitable  price  to  at- 
tain any  useful  result  with  the  available  appropriation,  (5,000,  made 
March  3, 1875,  a  contractor  commenced  dredging  September  30, 1875, 
and  completed  his  engagement  February  12,  1876.  The  number  of 
cubic  yards  taken  out  was  15,565  at  25  cents  per  yard,  including  rede- 
posit. 

The  work  done  was  the  excavation  of  a  channel  40  feet  wide  at  bot- 
tom with  proper  slopes,  to  a  depth  of  6  feet  at  mean  low-water  from  the 
iron  bridge  at  Elkton,  to  a  point  about  a  half  mile  below,  and  making  a 
basin  near  the  wharves  of  the  town  for  turning  steamboats. 

The  original  estimate  for  this  improvement,  including  Little  Elk,  was 
$36,000,  and  excluding  it  $30,000.  The  appropriations  have  been  $5,000, 
June  23, 1874,  $5,000  March  3, 1875,  total,  $10,000.  If  it  be  decided  by 
Congress  to  complete  this  improvement  as  originally  proposed,  the 
remainder  of  the  estimate  should  be  appropriated  in  one  sum. 

Amount  available  Jnl^  1, 1875 $4,680  55 

Amoant  expended  during  fiscal  year  endifig  June  30,  1876 4, 6^0  55 

Amount  (estimated)  required  for  completion  of  existing  project 20, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  20, 000  00 

{See  Appendix  F  3.) 

4.  Improvement  of  Worton  Rarhor,  Maryland. — ^o  fnnds  have  been 
available  for  this  locality  during  the  fiscal  year.  No  examination  of  it 
conld  be  made,  and  its  present  condition  is  therefore  not  known. 

(See  Appendix  F  4.) 

5.  Improvement  of  Queenstown  Harbor,  Maryland. — No  fnnds  have  been 
available  for  this  locality  during  the  fiscal  year.  No  examination  of  it 
could  be  made,  and  its  present  condition  is  therefore  not  known. 

(See  Appendix  F  5.) 

6.  Improvement  of  Chester  River  at  Kent  Island  Narrows,  Maryland. — 
The  appropriations  for  this  work  have  been,  March  3, 1873,  $15,000 ; 
June  23, 1874,  $5,000 ;  August  14, 1876,  $5,000 ;  but  owing  to  causes  of 
delay  explained  in  previous  reports,  nothing  was  done  in  carrying  out 
the  project  until  May,  1875. 

Operations  ceased  Juljr  7, 1876,  the  available  funds  being  exhausted. 
The  portion  of  the  work  'on  the  Easton  Bay  side  was  completed  to  a 
width  of  80  feet  in  September,  1875. 
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On  the  Chester  Biver  side  the  width  bad  been  for  a  considerable  dis- 
tance made  100  feet — the  width  originally  designed — the  remainder  be- 
ing not  less  than  75  feet  wide.  The  causeway  had  been  cat  through  in 
May,  1876,  a  bridge  with  draw-span  of  60  feet,  as  required  by  law,  hav- 
ing been  previously  built  at  the  expense  of  the  counties  of  Queen  Anne^ 
and  Talbot.  Thus  through  the  entire  channel  (except  the  causeway)  a 
width  of  not  less  than  75  feet  had  been  attained.  A  depth  of  7  feet 
at  ordinary  low-water  has  been  also  attained  through  the  entire  length 
of  the  channel. 

Three  thousand  dollars  would  fill  out  the  estimate }  but  owing  to  the 
long  but  unavoidable  delay  and  protraction  of  the  operations  which 
have  occurred,  and  the  attendant  increase  of  expense,  the  sum  of  $5,000* 
will  not  more  than  complete  the  work  estimated  for.  To  keep  the 
channel  open  when  excavated,  occasional  repairs  will  be  required.  The 
cost  will  probably  average  $3,000  per  annum. 

Amonnt  ayailable  July  1, 1875 $18,704  98 

Amoont  expended  during  fiscal  year  ending  June  30, 1876 ' 13, 330  83 

Amount  ayailable  July  1, 1876,  including  $1,282.73  due  on  contracts...... .  5, 374  15 

Amonnt  appropriated  by  act  approved  August  14,  lif76 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 5, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1878,  (see  explanation  above) 3,000  00* 

(See  Appendix  F  6.) 

7.  Improvement  of  the  entrance  to  the  harbor  of  Baltimore^  Maryland. — 
The  operations  of  the  year  have  been  confined  to  the  Brewerton  OhauneU 
An  addition  of  about  40  feet  to  its  width  has  been  made,  and  the  turn  has 
been  rendered  easier  for  long  steamers  at  the  angle  where  this  channel 
joins  the  Fort  McHenry  Channel.  Some  shoaling  was  found  to  have 
taken  place,  as  has  been  always  expected  and  predicted,  at  the  lower 
end  of  this  channel,  where  it  necessarily  projects  into  and  across  the 
current  of  the  Susquehanna  below  North  Point.  No  place,  however, 
was  found  with  less  than  23  feet  at  mean  low-water. 

The  object  of  this  work  has  been  to  make  such  a  channel  as  will 
enable  vessels  drawing  22^  or  23  feet,  to  come  to  the  city  at  any  ordi- 
nary state  of  the  tide.  At  high- water  vessels  of  24  feet  can  be  brought 
up.  This  object  has  been  attained,  but  the  width  of  channel  is  the 
minimum.  For  the  reasons  stated  by  the  officer  in  charge,  an  appro- 
priation of  $135,000  is  strongly  recommended. 

Amoont  available  July  1, 1875 ^69,485  87 

Amonnt  expended  during  fiscal  year  ending  Jane  30,  1876 68, 691  19 

Amonnt  available  July  1, 1876 794  68 

Amount  appropriated  by  act  approved  August  14,  1876 75, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project^  (see  report 

of  last  year) 160,000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878. .  135, 000  00 

(See  Appendix  F  7.) 

8.  Improvement  of  Cambridge  Harbor j  Maryland. — No  funds  have 
been  available  for  this  locality  during  the  fiscal  year.  No  examination 
of  it  could  be  made,  and  its  present  condition  is  therefore  not  known.. 

(See  Appendix  F  8.) 

9.  Improvement  of  the  Wicomico  River y  near  Salisbury y  Maryland. — The- 
ongioal  plan  of  improvement  was  to  dredge  a  channel  75  feet  wide  and 
7  feet  deep,  at  mean  low-water,  and  deposit  the  material  behind  longitu- 
dinal dikes.  The  work  dragged  through  a  part  of  187ii,  1873, 1874,  and 
apart  of  1875,  owing  to  insufficient  appropriations,  and  other  causes  of 
delay.  For  »  history  of  the  progiess  up  to  June  30, 1875^  see  last  annual 
report. 
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The  dikiDg  was  completed,  as  far  as  foods  allowed,  July  16, 1875,  the 
length  of  new  diking  being  1,636  feet. 

The  dredging  was  continued  until  January  7, 1876,  when  the  funds 
were  exhausted  and  the  work  suspended. 

It  had  been  expected  to  use  the  available  means  in  making  a  channel 
50  feet  wide  at  bottom,  and  5  feet  deep  at  mean  low-water,  and  in  pre- 
paring a  basin  near  the  wharves  for  steamboats  to  turn  in.  This  was 
accomplished,  except  for  a  short  space,  ^here  a  width  of  but  38  feet 
could  be  given,  owing  to  lack  of  funds. 

The  appropriations  have  been,  June  10, 1872,  March  3, 1873,  June  23, 
1874,  March  3, 1875,  August  14, 1876 ;  total  $25,000.  Should  the  origi- 
nal plan  be  carried  out,  an  appropriation  of  815,000  will  still  be  re- 
quired. 

Amountavailable  July  3,1875 • $11,669  22 

Amount  expeDded  daring  fiscal  year  ending  Jane  30, 1876 11, 598  18 

Amount  available  July  1, 1876 71  04 

Amonn t  appropriated  by  act  approved  August  14,  1876 5, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project,  (see  last 

annual  report) 20,000  OO 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  10, 000  00 

(See  Appendix  F  9.) 

10.  Improvement  of  Juirbor  of  Crisfield^  Maryland. — ^The  object  of  this 
improvement  was  to  dredge  a  c]iannel  of  about  12  feet  depth  at  mean 
low-water  across  the  bar  near  Somer's  Gove  light  to  the  railroad-wharf 
and  to  make  a  basin  for  vessels  at  and  near  the  town.  The  estimate 
was  $^37,317.50,  all  of  which  was  appropriated  in  one  sum  March  3, 
1875. 

The  work  was  soon  placed  under  contract  and  commenced  May  12, 
1S75.  It  was  completed  May,  1876,  to  the  satisfaction,  it  is  believed, 
of  all  concerned.  It  is  to  be  remembered  that  repairs  will  in  time  be 
required  for  this  artificial  channel  and  harbor,  but  no  appropriation  is 
now  needed  or  asked  for. 

Amount  available  July  1, 1875 $35,575  62 

Amount  expended  daring  fiscal  year  ending  June  30, 1876 35, 555  84 

Amount  available  July  1, 1876 19  7d 

(See  Appendix  P  10.) 

11.  Improvement  of  James  River ^  Virginia. — The  work  of  the  United 
States  on  this  improvement  has  been  done  partly  by  contract  and 
partly  by  machinery  belonging  to  the  United  States.  Certain  machinery 
belonging  to  the  city  of  Eichmond  has  also  been  hired  and  operated  by 
the  United  States,  the  rental  not  exceeding  the  cost  to  the  city  of  re- 
pairs. 

The  following  statement  shows  the  cubic  yards  removed  : 

Kew  channel  at  Gillie's  Creek  Shoal :  earth,  18,794  yards ;  rock,  196 ; 
side  channels  to  Drury's  Island  dike :  earth,  4,148 ;  new  channel  at 
Ooode's  liocks :  earth,  1,600 ;  rock,  949 ;  enlargement  of  Dutch  Gap  cut- 
off:  earth,  31,016.  The  city  of  Richmond  has  done  a  nearly  equal  quan- 
tity of  work. 

The  United  States  has  built  dikes  and  wing-dams  as  follows:  At 
upper  end  of  Drury's  Island,  by  contract,  1,326^  linear  feet ;  at  Rich- 
mond Bar,  by  hired  force,  683  feet ;  and  ^t  Randolph  Flats,  788  feet ; 
total,  2,797J  feet. 

The  Dutch  Gap  cnt-off  is  now  180  feet  wide  at  surface  of  water  and 
has  a  depth  of  about  15  feet  at  low-tide.  It  can  be  used  by  all  classes 
of  vessels  coming  to  Richmond,  but  would  be  improved  by  a  further  en- 
largement.   The  condition  of  the  river  is  otherwise  better  than  it  was 
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a  year  ago.  The  new  chaDnel  throagh  Gillie's  Greek  Shoal  permits  ves- 
sels of  14  feet  draught  to  leave  the  dock  and  proceed  to  sea.  The  shal- 
low reach  below  Bockett's  Eeef  has  been  deepened  and  widened,  and 
the  channel  over  Eichmond  Bar  has  been  increased  in  width  100  feet. 

A  comparison  of  the  condition  of  the  river  at  present  with  what  it 
was  five  years  ago  shows  a  very  great  actual  improvement,  and  what 
has  already  been  accomplished  at  the  same  time  opens  the  way  for  a  more 
rapid  advance  at  moderate  cost  to  a  still  higher  state  of  usefuluess  to  com- 
merce. 

Amonnt  available  July  1,  1875 §47,555  09 

A-moant  expended  daring  fiscal  year  eudiog  June  30,  1H76 47, 450  50 

Amonnt  available  July  1,  ld7ti 104  59 

Aoioant  appropriated  by  act  approved  August  14,  1876 60, 000  00 

Amoant  (e8tiniated)  reqnired  for  completion  of  esistioe  project 29:?,  ^OS  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1478 .  140, 000  00 

(See  Appendix  F  11.) 

12.  Improvement  of  Appomattox  River,  Virginia. — The  work  of  the  year 
has  been  done  with  funds  provided  March  3, 1875.  The  spring  freshets 
of  1875  having  caused  some  filling  in  the  channel  in  its  unfinished  con- 
dition, the  first  operation  was  that  of  removing  these  deposits,  in  order 
to  facilitate  navigation.  The  remainder  of  the  appropriation  has  been 
devoted  to  widening  the  Puddledock  channel  to  about  100  feet,  an  im- 
portant step  forward  in  the  plan  of  permanent  improvement.  The  total 
cost  of  the  improvement  has  been  rendered  greater  up  to  this  time  than 
Decessary,  owing  to  the  impossibility  of  properly  conducting  such  a 
work  with  inadequate  means. 

Amount  available  July  1, 1«75 $39,058  03 

Amoant  expended  during  fiscal  year  ending  June  30,  1676 31, 444  86 

Amount  available  July  1, 1876,  including  $1,331.26  due  on  contracts 7, 613  17 

Amoant  appropriated  by  act  approved  August  14,  1876  .  > 30, 000  00 

Amoant  (estimated)  required  for  completion  of  existing  project,  (see  last 

annual  report) 113,000  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1876.     S3, 000  00 

(See  Appendix  F  12.) 

13.  Improvement  of  the  Cape  Fear  River,  North  Carolina. — The  width 
of  the  new  channel  behind  the  Horseshoe  Shoal  has  been  increased  from 
100  to  aboat  200  feet,  and  its  depth  from  9  to  12  feet  at  low- water.  This 
work  has  been  carried  on  simultaneonsly  with  laying  an  apron  of  tim- 
ber, brash,  and  stone  on  the  bottom  in  the  opening  between  Federal 
Point  and  Zeke's  Island,  and  has  the  same  object,  the  diversion  of  water 
from  New  Inlet  to  the  old  month  of  the  river,  near  Baldhead  Point.  Both 
operations  have  been  saccessfai.  This  apron  has  been  made  as  high 
aud  the  channel  has  been  made  as  wide  as  the  available  funds  permitted. 

The  saction-dredge  Woodbury  was  worked  on  the  Baldhead  Bar  nntil 
late  in  January,  1876,  when  the  condition  of  her  machinery  became  such 
that  she  was  necessarily  withdrawn.  Funds  could  not  be  spared  for  her 
repair.    She  has,  consequently^,  been  idle  nearly  half  the  year. 

Some  obstructions  have  been  removed  which  were  placed  in  the  river 
near  Wilmington,  during  the  late  war,  by  the  confederate  authorities, 
aud  a  few  days' dredging  was  done  at  a  shoal  near  Campbell's  Island. 

The  depth  aimed  at  in  the  year's  operations  has  been  about  12  feet  at 
low-water,  and  very  nearly  this  depth  can  be  carried  at  ordinary  low- 
water  from  Wilmington  to  the  ocean,  a  marked  improvement  in  the  con- 
dition of  the  river. 

Surveys  of  the  greater  part  of  the  river  from  Wilmington  down  have 
been  made. 

It  is  very  important  for  the  security  of  work  already  done,  aud  the 

5  £ 
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attainmeDt  of  the  object  of  the  whole,  that  operations  should  be  vigor- 
ously  continued,  especially  at  the  closure  of  New  Inlet. 

Amount  available  Jnly  1, 1875 $211,287  43 

AmouDt  expended  daring  fiscal  year  ending  Jnne  30, 1876 188, 564  71 

Amount  available  July  1,  1876,  including  $9,444.46  due  on  conts^cts 22,722  72 

Amount  appropriated  by  act  approved  August  14, 1870 132, 500  00 

Amount  (estimated)  required  for  completion  of  existing  project,  (see  last 

annual  report) 210,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  77, 500  00 

(See  Appendix  F  13.) 

EXAMINATION  OF  THE  AQUEDUCT  BEEDGB  OVEB  THE  POTOMAC  BIVER 

AT  GEORGETOWN,  B.  O. 

Major  Graighill  was  detailed  by  the  Secretary  of  War  to  report  upon 
the  condition  of  the  Aqueduct  Bridge^  in  parsaance  of  a  resolation  of 
the  Senate  of  Febniary  3, 1876.  His  report,  dated  March  8, 1876,  may 
be  found  in  Appendix  F  14  to  this  report;  also,  in  Senate  Ex.  Doc.  No. 
39,  44th  Congress,  1st  session. 

IMPROVEMENT  OF  THE  HARBORS  OP  WASHINGTON  AND  GEORGETOWN, 
DISTRICT  OF  COLUMBIA;  OF  OCCOQUAN,  RAPPAHANNOCK,  ELIZA- 
BETH, AND  NANSEMOND  EIVERS,  AND  OP  ACCOTINK,  AQUIA,  AND 
NOMINI  CREEKS,  VIRGINIA  ;  AND  OF  ROANOKE  RIVER,  NORTH  CAR- 
OLINA. ^ 

Engineer  in  charge,  S.  T.  Abert,  United  States  Civil  Engineer. 

1.  Harbors  at  Washington  and  Oeorgetown^  District  of  Columbia. — This 
improvement  has  been  continued  by  the  removal  of  rocks  in  George- 
town Harbor.  The  work  was  advertised  for  contract  in  July,  1875,  but 
the  bids  received  were  rejected,  as  it  was  found  that  the  work,  which 
was  of  a  special  character,  could  be  done  more  cheaply  by  hired  labor. 
The  machinery  and  force  employed  on  similar  work  on  the  James  River, 
Virginia,  were  transferred  to  Georgetown,  and  active  operations  com- 
menced in  March,  1876.  Three  of  the  most  dangerous  rocks  have  been 
nearly  removed,  the  amount  of  rock  excavation  being  336  cubic  yards. 

In  my  last  annual  report  it  was  stated  that  in  carrying  out  the  plan 
of  improvement  recommended  bj'^  the  Board  of  Survey  created  by  the 
act  of  March  3,  1872,  the  first  operation  of  importance  would  be  the 
removal  of  Easby's  Point,  the  estimated  cost  of  which  is  $550,000. 

Apart  from  this  there  is  an  immediate  necessity  for  an  appropriation 
of  $14,000,  for  dredging  the  Washington  channel  between  the  arsenal 
and  the  Long  Bridge.  This  channel  is  the  only  access  for  steamboats 
and  shipping  to  the  city  wharves,  and  is  becoming  shoaler  each  suc- 
ceeding year. 

Amount  available  July  1, 1875 $20,755  24 

Amount  expended  during  fiscal  year  ending  June  30, 1876 11,313  37 

Amount  available  July  1,  1876 9,441  H7 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     14, 000  00 

(See  Appendix  G  1.) 

2.  Accotink  Creek^  Virginia, — No  fands  have  been  available  for  this 
improvement  during  the  year,  and  no  work  has  been  done. 

The  amount  required  to  complete  the  work  according  to  the  original 
estimate  is  $14,000. 
(See  Appendix  G  2.) 

3.  Occoquan  Rivery  Virginia, — During  the  past  year  a  channel  80  feet 
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wid6  and  5^  feet  deep  at  low- water  has  been  excavated  tbroagb  the  bar 
between  the  railroad  bridge  and  Occoqnan,  the  material  being  deposited 
below  the  bridge.  It  was  found  that  the  chanDel  had  filled  in  to  sach 
an  extent  as  to  require  its  re-excavation.  The  funds  available  were  only 
sufficient  for  a  portion  of  this  work. 

For  the  completion  of  the  improvement  by  the  construction  of  a  dike 
^5,000  are  asked,  in  addition  to  the  $3,000  required  to  complete  the 
dredging. 

Amount  available  Jnly  1, 1875 $5,493  92 

AmoQDt  expended  daring  fiscal  year  ending  June  30,  1876 5, 071  91 

Amoont  available  Jnly  1, 1876 422  01 

Amount  (estimated)  reqaired  for  completion  of  existing  project 8, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  8, 000  00 

(See  Appendix  G3.) 

4.  Aquia  Creeks  Virgiiiia. — The  channel  commenced  in  1874 — between 
the  railroad  bridge  and  the  narrows — has  been  completed  to  a  width  of 
40  feet  and  a  depth  of  4  feet  at  low- water.  The  small  sums  appropriated 
for  this  work  render  it  necessary  to  increase  the  total  estimate  to 
$20,000,  and  as  the  total  amount  of  appropriation  to  this  date  is  $5,500^ 
there  will  be  required  for  completion  $14,500. 

Amount  ayai]abli>  July  1,1875 $2,003  71 

Amount  expended  during  fiscal  year  ending  June  30,  1876 2, 003  71 

Amount  (estimated)  required  for  completion  of  existing  project 14, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  14, 500  OO 

(See  Appendix  G  4.) 

5.  Xomini  Creek,  Virginia, — The  dredoring  operations  of  last  year  wero 
not  completed,  owing  to  delays  and  interruptions  from  breakage  of  ma- 
chinery. The  channel  was  widened  near  White  and  Hickory  Points, 
and  oak  piles  have  been  driven  along  the  entire  line,  so  that  it  may  be 
pafely  navigated.  Since  the  suspension  of  dredging  small  steamers 
have  been  regularly  plying  Ijptween  the  creek  and  Washington. 

Amountavailable  July  1,1875 $4,997  67 

Amount  expended  during  fiscal  year  ending  June  30,  1876 3,144  44 

Amoont  available  July  1,  1876,  including  8180.48  due  on  contract 1, 853  23 

Amount  (estimated)  required  for  completion  of  existing  project 6, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .  6, 000  00* 

(See  Appendix  G  5.) 

6.  Rappahannock  River^  Virginia. — The  channel  along  the  wharves  in 
progress  at  the  date  of  the  last  report  was  completed  in  July,  1875.  The 
channel  between  the  wharves  and  Deep  Run,  50  feet  wide  and  9  feet 
deepat  low-water,  was  completed,  as  far  as  the  funds  would  allow,  in  May, 
1376.  It  is  found  that  these  channels,  as  was  anticipated,  till  in  rapidly 
from  the  eifect  of  freshets.  An  annual  appropriation  of  $7,500  will 
therefore  be  required  to  preserve  a  depth  of  9  feet  upon  this  portion  of 
the  river.  Castle  Ferry  Bar,  9  miles  below  Fredericksburg,  does  not 
at  present  need  improveoient. 

AmonntaTailable  July  1,1875 813,437  57 

Amount  expended  during  fiscal  year  ending  June  30,  1^576 13,036  8*2 

AmooDt  available  July  1,  lb76 400  75 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 

AffiooDt  (estimated)  required  for  completion  of  existing  project 34, 000  00 

AmoQot  tbat  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30, 1878.  34, 000  00 

(See  Appendix  G  6.) 

7.  Elizabeth  River^  Virginia, — The  work  of  dredging  was  commenced 
hy  contract  Joly  27,  1875.  A  channel  60  feet  wide  and  7^  feet  deep  at 
loV-water  has   been  dredged  between  the  lock  of  the  Albemarle  and 
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Chesapeake  Canal  and  a  point  near  Park's  Gap,  This  was  completed 
October  6, 1875.  The  material  excavated  was  deposited  on  the  marshes 
and  at  points  where  it  would  not  interfere  with  navigation.  For  the 
completion  of  the  present  project,  $3,500  will  be  required. 

Amount  available  July  1,1875 $4, 726  40 

AuouQt  expended  during  jQacal  year  ending  June  30, 1676 4, 608  3^ 

Amount  available  July  1, 1876.." 118  0-2 

Amount  appropriated  by  act  approved  August  14,  1876 5, 000  00 

Amount  (estimated)  reonired  tor  completion  of  existing  project 3, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1678  3, 50  )  Ou 

(See  Appendix  G  7.) 

8.  Nanaemand  River^  Virginia. — The  appropriation  for  the  work  of  the 
past  year  was  expended  in  dredging  a  channel  60  feet  wide  and  7J  feet 
deep  at  low-water  through  the  bar  at  Suffolk,  and  in  the  removal  of  a 
wreck  at  this  point.  The  work  was  commenced  October  20, 1875,  and 
completed  January  5,  1876.  The  old  dike  near  Western  Branch  Bar  is 
in  bad  condition  and  should  be  repaired.  The  82,000  required  to 
complete  the  work  according  to  the  estimate  of  last  year  should  be 
employed  for  this  object. 

Amount  available  July  1, 1875 $6,921  52 

Amount  expended  during  fiscal  year  ending  June  30,  187(5 6,633  93 

Amount  available  July  1,  1^76..* «7  ^9 

Amount  appropriated  by  act  approved  August  14,  1876 5,000  ih) 

Amount  (estimated)  required  for  completion  of  existing  project 2, 000  OD 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 187e .  2, 000  0<> 

(See  Appendix  G  8.) 

9.  Roanoke  River^  North  Carolina, — Continued  Iresbers  in  this  river 
for  almost  the  entire  year  have  prevented  the  completion  of  the  dike  at 
Indian  Highland  Bar;  986  linear  feet  have,  however,  been  built, and  it  is 
thought  that  the  work  may  be  finished  during  the  present  stage  of  low 
water.  The  gauge  observations  at  Weldon  and  Hamilton  have  been 
continued,  and  the  record  of  observations  ffom  February  1, 1875,  to  June 
30, 1676,  is  submitted. 

If  Congress  should  determine  to  continue  this  improvement,  $43,000 
should  be  appropriated  for  the  next  year.  If,  however,  it  is  the  opinion 
that  operations  should  be  suspended,  $3,000  will  still  be  required  tor  the 
'removal  of  snags. 

Amount  available  July  1, 1875 $10,5.^')  1*2 

Amount  expended  during  fiscal  year  ending  June  30, 1876 5,  303  41* 

>Anionut  available  July  1,  1676,  including  S236.Sf:<  due  on  contracts 5,  *i.&l  63 

Amount  (estimated)  required  for  completion  of  existing  project 222,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1876.  45, 000  00 

(See  Appendix  G  9.) 

EXAMINATIONS  AND  SURVEYS  FOB  DIPBOVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  March  3, 
1875,  Mr.  S.  T.  Abert  was  charged  with  and  has  completed  the  follow- 
ing, viz : 

1.  Examination  of  tJie  East  Brancli  of  Potomac  River,  from  the  navy-yard 
to  Bladenshxirgh,  Md,    (See  Appendix  G  10.) 

2.  Examination  of  the  harbor  at  Edenton,  N.  C.   (See  Appendix  G  11.) 

3.  Examination  of  Pasquotank  River,  from  Albemarle  /Sound  to  Eliza- 
beih  City,  K  C.    (See  Appendix  G  12.) 

4.  Examinatioji  of  Perquimans  River,  from  its  mouth  to  th^  toicn  of  Hert- 
ford, y,  C,    (See  Appendix  G  13.) 
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5.  Examination  of  Pamlico  River,  from  its  mouth  to  the  toicn  of  Wash- 
in0on^  X.  C.     (See  Appendix  G  14.) 

6.  Examination  of  Neuse  River j  from  its  mouth  to  Ooldsboroughy  N.  C7. 
(See  Appendix  G  15.) 

7.  Examination  of  Catawba  River ^  from  South  Carolina  line  to  Old  Forty 
North  Carolina.    (See  Appendix  G  16.) 

The  resalts  of  the  above  examinations  were  transmitted  to  Congress^ 
January  21, 1876,  and  printed  In  H.  R.  Ex.  Doc.  No,  94,  Forty-Fourth 
Congress,  first  session. 

8.  Survey  of  a  line  to  connect  the  waters  of  the  Neuse  and  Cape  Fear 
Rivers^  in  North  Carolina^  and  of  a  line  to  connect  the  waters  of  Norfolk 
Harbor,  in  Virginia^  with  the  waters  of  Cape  Fear  River^  at  or  near  Wil- 
mington^ N.  C. — The  report  made  to  this  Office  of  the  results  of  the  sur- 
vey was  transmitted  to  Congress  March  6,  1876,  and  printed  in  Senate 
Ex.  Doc.  No.  35,  44th  Congress,  1st  session.  (See  also  Appendix 
G17.) 

I3IPROVEMENT  OF  THE  RITERS  AND  HARBORS  ON  THE  COAST  OF  SOUTH 
CAROLINA,  GEORGIA,  AND  THE  ATLANTIC  COAST  OF  FLORIDA. 

Officer  in  charge,  Lieut.  Col.  Q.  A.  Gillmore,  Corps  of  Engineers, 
having  under  his  immediate  orders  Capt.  James  C.  Post,  Corps  of  Engi- 
neers. 

1.  Improvement  of  Charleston  Harbor^  South  Carolina. — During  the 
past  fiscal  year  the  work  of  removing  the  outer  end  of  "  Bowman's  ^ 
jetty  has  been  completed  to  a  low- water  depth  of  16J  feet  over  that  por- 
tion of  the  jetty  outside  of  the  point  selected  for  a  new  pier-head.  The 
total  number  of  cubic  yards  of  stone  removed  was  2,667,  of  which  663 
cubic  yards  were  piled  on  the  shore  end  of  the  jetty  and  2,004  cubic 
yards  deposited  in  deep  water.  A  gap  or  depression  in  the  shore  end 
of  the  jetty  was  permanently  closed. 

The  United  States  dredgiug-steamer  Henry  Bnrden  removed  9,632 
cubic  yards  of  sand  from  the  channel,  making  it  200  feet  wide  and  12^ 
feet  deep.  Since  the  completion  of  the  removal  of  the  outer  end  of  the 
jetty,  portions  of  the  channel  that  were  before  deep  have  shoaled  con- 
siderably. It  is  proposed  to  remove  these  shoals  by  dredging,  810,000 
having  been  asked  for  this  purpose  in  my  last  annual  report. 

No  appropriation  is  now  recommended  for  continuing  the  work  be- 
yond the  amount  specified  above. 

AmouDt  available  July  1,1875 824,991  70  • 

Amoaot  expended  during  fiscal  year  ending  Jane  30,  1876 23,982  90 

Arooant  available  Jnly  1, 1876,  including  $1,000  due  on  contracts 1, 008  80 

AfflouDt  appropriated  by  act  approved  August  14,  1876 10, 000  00 

(See  Appendix  H  1.) 

2.  Improvement  of  Savannah  River  and  Harbor,  Georgia. — During  the 
last  fiscal  year  the  operations  have  consisted  in  dredging,  and  in  the 
partial  construction  of  a  temporary  dam  at  the  Cross  Tides,  in  order  to 
increase  the  volume  of  ebb  flow  in  Front  Kiver  along  the  wharves  of  the 
city  of  Savannah.  The  quantity  of  material  dredged  amounted  to 
225,542  cubic  yards.  Of  this  amount  18,349  cubic  yards  were  taken 
from  the  shoal  northeast  of  Fort  Pulaski  by  the  United  States  dredging- 
steamer  Henry  Burden,  giving  an  increase  of  width  to  the  channel  pre- 
vioDsly  established  through  that  shoal.  There  seems  to  be  a  slight  in- 
dication of  shoaling  in  this  channel  at  its  upper  end,  near  the  first  or 
inner  buoy,  bat  it  is  doubtful  if  it  will  be  permanent.    At  the  new  chan- 
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nel  through  the  shoal  known  at  '*The  Wrecks,*'  at  the  lower  end  of  Fig 
Island,  189,348  cubic  yards  have  been  removed,  133,119  by  contract  and 
66,229  cubic  yards  by  the  United  States  dredging-ateanier  Henry  Bur- 
den. This  channel  is  now  100  feet  wide  and  10  feet  deep  at  mean  low- 
water,  and  shows  evidence  of  constant  and  continued  enlargement  by 
the  scour  of  the  current.  At  the  shoal  known  as  Garden  Bank,  oppo- 
site the  city,  7,995  cubic  yards  have  been  removed,  and  the  channel  is 
now  140  feet  wide  and  14  feet  deep.  Between  King's  and  Hutchinson's 
Islands  9,850  cubic  yards  were  removed,  and  a  channel  40  feet  wide  and 
6  feet  deep  was  made  to  facilitate  the  flow  into  and  through  Front 
River. 

The  temporary  dam  at  the  Cross  Tides  was  a  little  more  than  half 
completed  when  work  was  suspended  by  a  temporary  injunction  granted 
by  the  United  States  Supreme  Court,  upon  the  complaint  of  citizens  of 
the  State  of  South  Carolina. 

During  the  present  fiscal  year  it  is  proposed,  in  case  funds  are  sup- 
plied by  Congress — 

A.  To  complete  the  temporary  dam  commenced  at  Cross  Tides,  should 
the  injunction  be  removed. 

B.  To  increase  the  dimensions,  by  dredging,  of  new  channel  at  "The 
Wrecks"  and  remove  such  cribs  and  wrecks  as  may  be  found  obstruct- 
ing this  channel. 

C.  To  increase  by  dredging  the  depth  of  the  channel  over  the  shoals 
abreast  of  Elba  Island  and  opposite  Long  Island. 

D.  To  commence  the  removal  of  Kinsey's  Point,  opposite  the  city  of 
Savannah,  provided  a  satisfactory  arrangement  of  the  question  of  dam- 
age to  private  property  can  be  made. 

An  additional  appropriation  of  $200,000  is  requested. 

The  report  of  the  board  of  engineer  olBEicers  constituted  June  5, 1875, 
to  take  into  consideration  and  report  upon  the  general  subject  of  the 
improvement  of  Savannah  Kiver  and  Harbor,  will  be  found  in  Appeu- 
dix.H  3. 

Amount  available  July  1,  1875 $78,303  82 

Amount  expended  during  fiscal  year  ending  J une  30, 1876 74, 532  01 

Amount  available  July  1)  1876,  including  $8d5  due  on  contracts 3,771  81 

Amount  appropriated  by  act  approved  August  14.  1876 62, 000  00 

Amount  (estimated)  required  tor  completion  of  existing  project 361, 320  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  200, 000  00 

(See  Appendixes  H  2,  H  3,  and  H  4.) 

3.  Improvement  of  inside  passage  ieiiceen  the  Saint  John's  River  and 
Femandina^  Florida, — The  act  of  Congress  approved  June  23,  1874, 
appropriated  $10,000  "for  continuing  the  improvement  at  the  mouth  of 
the  Saint  John's  Eiver,  FJorida,  or  may  be  used  for  dredging  out  the 
inside  passage  between  Saint  John's  Eiver  and  Nassau  Inlet.!'. 

No  operations  were  carried  on  during  the  last  fiscal  year  for  the  im- 
provement of  Saint  John's  River. 

The  same  act  provided  for  a  survey  of  the  inside  passage  between 
Fernandina  and  Saint  John's  Kiver.  This  survey  was  made,  and  a  re- 
port from  the  officer  in  charge,  suggesting  certain  improvements,  with 
estimates,  was  submitted  with  my  last  annual  report. 

After  deducting  the  cost  of  the  survey,  the  sum  of  $7,372.40  remained, 
which  has  been  expended  in  obtaining  a  channel  of  40  feet  in  width  and 
4  feet  deep  at  mean  low-water  through  the  shoals  which  obstructed  this 
passage.    In  all,  28,973  cubic  yards  of  material  have  been  removed. 

It  is  recommended  that  850,000  be  appropriated  for  the  fiscal  year 
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endiDg  Juue  30, 1878,  to  be  expended  in  the  improvement  of  the  pas- 
sage. 

Amount  available  July  1,  1875 87,372  40 

Amount  expended  d ariD^  fiscal  year  ending  June  30, 1876 7, 372  40 

Amount  (estimated)  required  for  completion  of  existing  project,  $160, 000  to  370, 000  00 
Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Juue  30,  ld7d.     50, 000  00 

(See  Appendix  H  5.) 

EXAMINATIONS  AND  SURVEYS  FOR  I:MPR0VEMENT. 

In  reply  to  a  resolution  of  the  Senate  of  December  15,  1875,  request 
iug  the  views  of  the  Secretary  of  War  as  to  the  importance  and  practi- 
cability of  improving  the  channel  of  the  entrance  to  Cumberland  Sound^ 
with  estimates  of  the  probable  cost  of  the  construction,  a  report  from 
Lieutenant-Colonel  Gillmore,  to  whom  the  subject  of  the  resolution  was 
referred,  was  transmitted  to  the  Senate  at  its  last  session,  and  printed 
as  Senate  Ex.  Doc.  No.  60,  44th  Congress,  1st  session.  (See  also  Ap- 
pendix H  6.) 

The  resolution  of  thq  Senate  of  March  16, 1876,  requesting  information 
as  to  the  importance  and  practicability  of  deepening  the  inside  passage 
bettceen  CunAerlaiiid  Sound  and  Saitit  Sinwn''s  Sounds  Georgiay  with  esti- 
mate of  the  probable  cost  of  such  improvement,  was  also  referred  to 
Lieutenant-Colonel  Gillmore  for  report  theron.  His  reply  was  trans- 
mitted to  the  Senate,  and  printed  in  Senate  Ex.  Doc.  No.  59.  (See  Ap- 
pendix H  7.) 

And  also  a  resolution  of  the  Senate  of  April  18, 1876,  requesting  in- 
formation as  to  the  importance  of  the  harbor  of  Brunsicick^  Georgia^  and 
the  necessity  for  its  improvement.  Lieutenant-Colonel  Gillmore's  report 
upon  the  subject  of  this  resolution  was  transmitted  to  the  Senate,  and 
printed  in  Senate  Ex.  Doc.  No.  63.    (See  Appendix  H  8.) 

GULF   OF   MEXICO. 

IMPBOVEMENT  OF  THE  HARBORS  OF  MOBILE,  ALABAMA,  AND  CEDAR 
KEYS,  FLORIDA — IMPROVEMENT  OF  THE  NAVIGATION  OF  CHOCTAW- 
HATCHEE,  APALACHICOLA,  CHATTAHOOCHEE,  AND  FLINT  RIVERS. 

Officer  in  charge,  Capt.  A.  N.  Damrell,  Corps  of  Engineers. 

1.  Improvement  of  harbor  at  Mobile^  Alabama, — This  improvement  has 
been  continued  in  accordance  with  the  original  plan. 

The  channel  through  Dog  River  Bar  was  completed  during  the  year 
to  its  proposed  width  of  200  feet,  with  a  depth  of  13  feet  at  mean  low- 
tide. 

The  work  of  widening  the  cut  through  Choctaw  Bar  has  been  delayed 
by  heavy  freshets  in  the  river,  but,  it  is  expected,  will  be  completed  this 
season. 

The  funds  available  July  1, 1876,  for  this  improvement  are  deemed 
sufficient  for  its  completion,  and  no  further  appropriation  is  asked. 

Amount  available  Jnly  1,  1875 $71,437  3^ 

Ainoaot  expended  daring  fiscal  year  ending  Jane  30,  1876 55, 171  5^ 

Amoant ayiilable  July  1, 1H76 16,265  83 

(See  Appendix  1 1.) 

2,  Improvement  of  harbor  of  Cedar  Keys,  JP^orieia.— The  appropriation 
of  ^15,000  ot  March  3, 1875,  was  expended  during  the  last  fiscal  year 
in  completing  the  dredging  of  a  channel  through  the  outer  bar,  100  feet 
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wide  and  12  feet  deep.  The  entire  cat  has  been  completed,  aud  appears 
to  have  retained  its  depth  to  the  present  time. 

It  is  proposed  to  apply  any  appropriations  that  may  be  made  for  the 
next  fiscal  year  to  widening  the  cat  to  200  feet ;  to  widening  and  deep- 
ening the  channel  inside  Sea  Horse  Key,  and  widening  and  deepening 
the  channel  at  th^  bend  between  Depot  Key  and  Harbor  or  Grassy  Key. 

Appropriation  asked  by  the  officer  in  charge  for  the  fiscal  year  ending 
Jane  30, 1878,  $50,000. 

Amouut  available  July  1, 1875 $15,343  62 

Amount  expended  during  fiscal  year  ending  June  30,  1876 15, 33d  67 

Amount  available  July  f,  1876 4  95 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 101, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .  50, 000  00 

(See  Appendix  I  2.) 

3.  Improvement  of  Ohoctawhatehee  River^  Alabama  and  Florida. — At 
the  beginning  of  the  fiscal  year  the  work  of  improving  this  river  was 
carried  on  ander  an  unexpended  balance  of  the  appropriation  of  $5,000 
of  March  3, 1875,  and  was  continued  until  September,  15,  1875,  when, 
for  want  of  farther  funds,  operations  had  to  be  suspended.  The  work 
was  mainly  confined  to  the  removal  of  snags,  stumps,  and  overhanging 
trees,  a  large  number  of  which  were  pulled,  cut,  and  removed  from  the 
river. 

A  channel  about  3  feet  deep  at  low- water  has  b^en  attained  from  the 
mouth  of  the  river  to  Buzzard  Bar,  about  15  miles  below  Geneva,  at 
which  point  the  work  had  to  be  suspended.  A  wagon-road  around  this 
bar  was,  however,  previously  cut  through  the  woods,  to  facilitate  the 
transfer  of  freight  at  that  point. 

The  improvement  of  Buzzard  Bar,  the  dredging  of  loose  rocks  and 
gravel  from  some  of  the  upper  shoals  and  bars,  the  removal  of  some 
steamboat  wrecks,  and  the  snagging  and  clearing  of  15  miles  of  the 
river,  still  remain  to  be  (Jone  before  light-draught  boats  can  ascend  to 
Geneva  during  low- water. 

It  is  proposed  to  resume  work  on  this  river  as  soon  as  further  appro- 
priation is  available. 

An  appropriation  of  $20,000  is  asked  by  the  officer  in  charge  for  the 
fiscal  year  ending  June  30, 1878. 

Amount  available  July  1,  1875 $3,207  30 

Amount  expended  during  fiscal  year  ending  June  30,  1876 3, 012  37 

Amount  available  July  1, 1876 284  93 

Amount  appropriated  by  act  approved  August  14, 1876 5, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 19, 332  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  20, 000  00 

(See  Appendix  I  3.) 

4,  Improvement  of  Apalaehicola  River,  Florida. — An  appropriation  of 
$10,000  for  the  improvement  of  this  river  was  made  by  the  act  of  June 
23, 1874. 

At  the  close  of  the  previous  fiscal  year  a  snag-boat  was  engaged  on 
the  improvement  of  Moccasin  Slough,  which  had  been  partly  accom- 
plished during  that  year,  and  after  continuing  the  work  through  the 
months  of  July  and  August,  1875,  during  which  time  108  snags  aud 
sunken  logs  were  pulled  out,  over  100  overhanging  trees  cut  and  re- 
moved, and  1,831  cubic  yards  of  earth  excavated,  to  straighten  the 
channel  at  the  junction  of  the  river  with  the  slough,  the  snag-boat  was 
moved  to  the  Chattahoochee  Eiver,  and  work  on  the  Apalaehicola 
suspended ;  a  navigable  channel  for  boats  drawing  5  feet  having  been 
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attained  from  its  month  to  the  janctiou  of  Chattahoochee  and  Flint 
Rivers. 

Daring  the  last  freshet  a  large  raft  of  logs  lodged  near  the  junction 
of  Moccasin  Slough  and  Styx  Kiver,  seriously  obstructing  navigation. 
In  the  month  of  June,  1876,  this  raft  was  removed,  and  at  the  close  of 
this  year  the  river  is  again  in  fair  navigable  condition.  A  cousiderable 
amount  of  work,- however,  remains  to  be  done  in  straightening  the  chan- 
nel throa^b  Moccasin  Slough  and  Styx.Eiver,  to  prevent  the  lodging  of 
rafts  and  logs  in  future  in  the  short  bends  still  existing. 

It  is  contemplated  to  continue  the  improvement  of  this  river  during 
next  year  by  straightening  its  channel  through  Moccasin  Slough  and 
Styx  Eiver. 

The  unexpended  balance  of  former  appropriations,  with  the  amount 
asked  for  next  fiscal  year,  are  deemed  sufficient  to  complete  the  work. 

Amottnt  available  July  1,  1875 $13,225  61 

AmooDt  expeDded  during  fiscal  year  ending  June  30,  1876 4,670  11 

Amount  available  July  1, 1876 8,550  50 

Amount  (estimated)  required  for  completion  of  exiHtinj^  project 10,000  00 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1878.  10, 000  00 

(See  Appendix  I  4.) 

5.  Improvement  of  Chattahoochee  and  Flint  Rivers^  Georgia. — Work 
was  commenced  on  the  improvement  of  these  rivers  in  the  latter  part  of 
August,  1875,  and  continued  till  the  18th  of  January,  1876,  at  which 
time  a  rise  compelled  a  cessation  of  operations. 

Work  was  resumed  again  in  May,  1876,  and  is  in  progress  at  the 
present  time.  The  work  consisted  in  the  removal  of  snags  and  over- 
hanging trees  on  both  rivers  and  at  the  Wolfox  Bar,  on  the  Chattahoo- 
chee River,  the  construction  of  a  breakwater  or  stone  protection  on  the 
Georgia  side,  380  feet  long,  the  extension  of  the  jetty  built  last  year 
235  feet  inshore,  and  the  building  of  a  new  jetty  below,  200  feet  long. 

Both  rivers  are  now  in  a  tolerably  navigable  condition  for  the  boats 
now  running  to  Bainbridge,  on  the  Flint,  and  Columbus,  on  the  Chatta- 
hoochee. 

Repairs  were  also  made  during  the  year  to  the  snag-boat,  and  two 
flat-boats  were  constructed  for  blasting  on  the  rock-shoals. 

It  is  proposed  to  continue  the  work  during  the  next  fiscal  year  on 
the  bars  below  Eufaula,  on  the  Chattahoochee,  and  Bainbridge,  on  the 
Flint. 

Appropriation  asked  by  the  ofificer  in  charge  for  the  fiscal  year  ending 
Jane  30,  1378,  $50,000. 

Amount  available  July  1,  1875 836,582  62 

Amonut  expended  during  fiscal  year  ending  June  30, 1876 d,  979  56 

Amount  available  July  1, 1876 27,603  06 

Amount  appropriated  by  act  approved  August  14, 1876 20, 000  00 

Amount  (estimated)  required  for  completion  of  existins^  project 260, 000  00 

Amount  that  can  be  protitably  expended  in  fiscal  year  endinir  June  30, 1878 . .     50, 000  00 

{See  Appendix  I  5.) 

6.  Improvement  of  the  Black  MVarrior  and  Tomhigbee  Rivers^  Alabama. — 
Operations  for  the  improvement  of  these  rivers  were  commenced  at 
Tuscaloosa,  Ala.,  in  July,  1875,  under  the  appropriation  of  $25,000 
of  March  3, 1875,  and  continued  down  the  Black  Warrior  Eiver  until 
the  26th  of  November,  when  the  usual  high  water  from  the  winter  rains 
compelled  a  saspeusion. 

Twenty-one  bars  were  improved  by  the  construction  of  4,533  feet  of 
jetties,  791  feet  of  shore-protection,  1,298  feet  of  dams,  and  the  removal 
ot  361  cubic  yards  of  rock,  4,708  yards  of  gravel,  and  417  snags. 
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Future  appropriations  will  be  applied  to  a  continuation  of  the  work 
already  commenced. 

Appropriation  asked  b^*  the  officer  in  charge  for  the  fiscal  year  ending 
June  30,  1878,  $100,000. 

Amount  available  Jo l.v  1,1875 825,000  00 

Amount  expended  during  fi.scnl  year  ending  June  30,  1876 19,881  92 

Amount  available  July  1,  1876 5, 118  08 

Amount  appropriated  by  act  approved  August  14,  lri76 15,  000  00 

Amount  (estimated)  required  for  comffletion  of  existing  project 132,  603  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enaing  June  30, 1878 . .  100, 000  00 

(See  Appendix  I  6.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENTS. 

To  comply  with  the  provisions  of  the  river  and  harbor  act  of  March 
3,  1875,  Captain  Damreil  was  charged  with  and  completed  an  examina- 
tion and  survey  of  the  Alabama  River  from  Wetumpka  to  its  mouth.  For 
his  report  thereon  see  Appendix  I  7. 

WATER-COMMUNICATION   BETWEEN   THE    MISSISSIPPI  RIVER  AND    AT- 
LANTIC OCEAN   ACROSS  THE  PENINSULA  OF  FLORIDA. 

The  river  and  harbor  act  of  March  3,  1875,  appropriated  $50,000  for 
examinations  and  surveys  directed  to  be  made  at  forty-six  localities 
designated  in  the  act.  As  this  amount  was  insufficient  to  enable  this 
office  to  comply  with  so  much  of  the  act  as  required  "  surveys  and  ex- 
aminations to  ascertain  the  practicability  and  cost  of  an  inland  water- 
communication  between  the  Mississippi  Eiver  and  the  Atlantic  along 
the  Gulf  of  Mexico  and  across  the  peninsula  of  Florida."  which  from 
their  extent  would  have  necessarily  consumed  much  of  the  appropria- 
tion, to  the  exclusion  of  a  number  of  other  localities  requiring  exami- 
nation, to  supply  the  omission  a  communication  was  submitted  to  the 
House  of  Representatives  at  its  last  session,  containing  copies  of  reports 
heretofore  made  to  Congress  upon  results  of  surveys  for  a  canal-route 
across  Florida,  in  compliance  with  acts  of  March  3, 1826,  and  of  August 
30, 1852,  together  with  copies  of  reports  from  Captains  Howell  and  Dam- 
reil, Corps  of  Engineers,  made  in  1873,  in  reference  to  portions  of  the 
route  in  question.  This  communication  was  printed  in  H.  E.  Ex.  Doc. 
No.  157.    (See  also  Appendix  I  8.) 

IMPROVEMENT  OF  THE  MOUTH  OF  THE  MISSISSIPPI  RIVER — IMPROVE- 
3IENT  OF  ENTRANCE  TO  GALVESTON  HARBOR,  OF  RED-FISH  BAR,  AND 
OF  CHANNELS  IN  GALVESTON  BAY,  AND  OF  SABINE  PASS,  TEXAS. 

Officer  in  charge,  Capt.  C.  W.  Howell,  Corps  of  Engineers,  having 
under  his  immediate  orders  Lieut.  C.  E.  L.  B.  Davis,  Corx)s  of  Engineers, 
and  also  Lieut.  J.  B.  Quinn,  Corps  of  Engineers,  to  May  20, 1876. 

1.  Improvement  of  the  mouth  of  the  Mississippi  at  Sottthicest  Pass, — The 
work  of  dredging  at  Southwest  Pass  was  continued  during  the  year, 
resulting  in  a  more  uniform  depth  and  width  of  channel  over  the  bar 
than  has  been  reported  for  any  previous  year,  notwithstanding  the  in- 
creased volume  of  discharge  and  greater  velocity  of  current  through  this 
pass,  and  therefore  increased  amount  of  deposit  on  its  bar. 

During  the  year  there  has  been  an  absence  of  the  disastrous  block- 
ades on  the  bar,  so  common  heretofore,  which,  together  with  the  more 
uniform  channel,  may  be  attributed  to  the  general  observance  of  the 
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re^nlations  established  by  the  Secretary  of  War  for  the  use  of  the  chan- 
uels  dredged. 

The  dimlge-boat  Essayons  was  thoroughly  repaired,  and  is  considered 
by  the  officer  iu  charge  as  good  as  new. 

After  some  comparatively  slight  repairs  to  the  dredge-boat  McAlester, 
tbe  two  vessels  will  be  in  excellent  condition  for  work  daring  the  pres- 
ent fiscal  year. 

Tbe  United  States  end-dock  has  been  of  great  service  to  the  work, 
netting,  as  reported  to  this  office,  np  to  the  end  of  the  year,  a  saving  to 
the  work  of  $39,431. 

The  coal-barge  employed  as  a  tender  to  the  dredge  engaged  on  the 
bar  is  becoming  unserviceable,  and  it  may  be  necessary  to  purchase  a 
new  vessel  to  replace  the  old  one  during  the  present  fiscal  year. 

Surveys  at  the  various  passes  were  continued  at  intervals  during  the 
greater  x>ortion  of  the  year. 

Amoant  available  July  1, 1875 >261,707  59 

Amonnt  expended  daring  fiscal  year  ending  June  30,  1876 2*26,  G^  40 

Amoant  available  July  1, 1876 35,020  19 

Amoont  appropriated  by  act  approved  August  14,  1 676 100, 000  00 

Amount  that  can  be  profitably  expended  iu  fiscal  year  endiug  June  30, 1878 .     150, 000  00 

(See  Appendix  J  1.) 

2.  Improvement  of  Galveston  Harbor^  Texas. — The  work  designed  for 
improvement  of  the  channel  across  the  inner  bar,  which  obstructs  the 
entrance  to  the  harbor,  was  pushed  forward  with  energy  until  the  14th 
of  September.  At  this  date  a  very  severe  storm  set  in  and  destroyed 
property  belonging  to  the  work  estimated  in  value  at  about  $50,000. 

There  were  saved  from  the  material  and  appliances  provided  for  the 
work  and  the  manufacturing  grounds,  only  one  tug-boat,  an  unlinished 
steam-lauuch,  two  scows,  the  machinery  of  the  sand-dredge,  some  small 
boats,  a  namber  of  finished  gabions,  and  a  small  amount  of  lumber,  &c. 

The  gabions  saved  were  found  filled  with  sand,  from  the  waves  that 
dashed  over  them  during  the  storm,  and  although  but  slightly  injured, 
may  be  considered  a  loss,  inasmuch  as  it  will  cost  nearly  their  valne  to 
remove  them  from  the  sand  in  which  they  are  embedded,  wash  oat  the 
sand  filling  them,  and  move  them  to  a  point  where  they  can  be  utilized. 

As  soon  after  the  storm  as  practicable  an  examination  of  the  work 
previously  put  in  position  was  made,  and  it  was  found  to  have  snflfered 
no  material  injury. 

Sach  great  changes,  however,  had  been  made  in  the  general  features 
of  the  east  end  of  Galveston  Island,  and  in  the  channels  and  shoals 
about  the  entrance  to  the  harbor,  that  it  was  thought  advisable  to  make 
aresnrvey  of  the  localities  affected,  and  afterward  recommit  the  questions 
teaching  this  work  of  improvement  to  the  Board  of  Engineers  first  con- 
vened to  consider  it,  for  opinion  before  recommencing  the  work  of  con- 
struction. 

Pending  this,  authority  was  given  to  prepare  for  resumption  of  work. 

The  Board  of  Engineers  was  reconvened  in  New  York  City  December 
20, 1875,  and,  after  careful  consideration  of  the  facts  presented,  adhered 
to  its  original  recommendations,  and  made  suggestions  as  to  changes  in 
details  of  coDStruction.    (For  the  report  of  the  Board  see  Appendix  J  3.) 

Authority  was  then  given  to  secure  grounds  on  Bolivar  Peninsula,  to 
collect  outfit  and  material,  and  to  recommence  manufacture  and  con- 
stmction  in  accordance  with  the  approved  views  of  the  Board. 

This  labor  steadily  progressed,  and  at  the  close  of  the  year  everything 
was  in  readiness  to  proceed  with  construction,  which,  however,  has  been 
delayed  because  of  smallness  of  balance  of  appropriation,  which  it  was 
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found  advisable  to  hold  to  provide  for  care  of  property  on  hand  and  to 
complete  a  survey  in  progress. 

As  the  months  of  May,  Jane,  July,  and  August,*  are  the  most  favora- 
ble for  construction,  the  delay  is  to  be  regretted. 

The  work  already  constructed  has  produced  a  navigable  channel 
across  the  inner  bar  16^  feet  in  depth  at  mean  low-tide,  equal  to  nearly 
18  feet  at  average  flood-tide,  where,  before  the  commencement  of  the 
work,  there  was  but  scant  12  feet. 

To  secure  a  20-foot  channel  at  average  flood-tide  there  remains  to  be 
removed  a  little  over  2  feet  from  a  bar  only  450  feet  in  width,  separating 
the  harbor  from  Bolivar  Channel. 

The  Cylinder  Channel  across  the  outer  bar  was  deepened  ^q  foot  by 
the  storm  of  September,  considerably  widened,  and  has  since  retained 
its  increased  dimensions,  while  other  channels  were  impaired  by  the 
storm. 

The  appropriation  made  for  the  present  year  can  be  applied  at  once, 
and,  with  a  small  amount  deducted  for  expense  of  management  and  sur- 
veys, will  be  applied  to  manufacture  and  construction. 

The  work  for  the  inner-bar  improvement  will  be  completed,  and  that 
for  improvement  of  the  outer  bar  pushed  as  far  as  the  amount  appropri- 
ated will  permit. 

The  importance  of  the  work  has  been  as  fully  stated  as  possible  in 
previous  reports. 

It  is  thought  that  the  inner-bar  work  is  susceptible  of  permanent  com- 
pletion, while  that  projected  for  the  outer  bar  may  require,  after  con- 
struction, occasional  extension  to  maintain  its  efficiency. 

Amount  available  July  1, 1875 $141,951  49 

Amount  expended  during  iiscal  year  ending  Jane  30, 1876 l:i^,201  51 

Amount  available  July  1,187G 18,749  9H 

Amount  appropriated*  by  act  approved  August  14,  1876 142, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 209, 700  00 

Amount  that  can  beprotitably  expended  in  tiscal  year  ending  June  30, 187 ■*.  209, 7(K)  00 

(See  Appendixes  J  2  and  J  3.) 

3.  Improvement  of  Bed  Fish  Bar  in  Oalveston  Bay^  Texas, — This  work, 
as  also  the  work  for  '^  improving  the  ship-channel  between  the  mouth  of 
San  Jacinto  Eiver  and  Bolivar  Channel,''  was  done  by  contract. 

It  forms  a  portion  of  the  ship-channel  through  Galveston  Bay,  and 
with  it  bas  made  a  continuous  channel  through  the  bar,  and  above  and 
below  it,  in  Galveston  Bay. 

Amount  available  July  1, 1875 f;9,760  22 

Amount  expended  during  tibcal  year  ending  June  30,  167G 9,760  22 

(See  Appendix  J  4.) 

4.  Improvement  of  the  ship-channel  between  the  mouth  of  San  Jacinto 
River  and  Bolivar  Channel,  in  Galveston  Bay^  Texas, — This  work  was 
performed  under  contract,  and  completed  as  far  as  the  appropriation 
would  permit  February  7, 1876. 

The  channel  dredged  is  6,100  feet  in  leugth  and  has  a  minimum 
depth  of  14J  feet  at  mean  low-tide.  It  connects  depths  of  9  feet  and  S.J 
feet  in  the  upper  and  lower  bays,  and  with  the  private  work  of  improve^ 
men t  at  Morgan's  Point,  permits  the  passage  of  vessels  of  9  feet  draught  to 
within  a  few  miles  of  Houston,  Texas,  with  which  it  is  designed  to  con- 
nect it  by  a  short  railroad. 

The  officer  in  charge  recommends  that  any  appropriation  that  may  be 
made  for  the  present  year  be  applied  in  making  a  12foot  channel  in  ex- 
tension of  the  channel  reported,  and  that  the  upper  terminus  of  the 
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channel  be  made  at  the  cut  through  Morgan's  Point  instead  of  at  the 
moatb  of  the  San  Jacinto  River.    This  recommendation  is  concurred  in. 
The  officer  in  charge  also  submits  the  following  reduced  estimates  for 
completion  of  the  work : 

For  completion  of  9-foot  cnt  through  bar,  34,000  cubic  yards  excavatiou, 
at  30  cents $10,200  00 

For  a  12-foot  channel  from  Bolivar  Channel  to  Morgan's  Point,  2,171,874 
cubic  yards  excavated,  at  30  cenfts G51, 562  20 

For  a  15-foot  channel  from  Bolivar  Channel  to  Bforgan's  Point,  4,200,207 
cubic  yards  excavated  at  30  cents 1,260,062  10 

Amount  available  July  1,1875 25,000  00 

Amount  expended  during  Ascal  year  endiui;  J  uiie  30,  1876 25, 000  00 

Amount  appropriated  by  act  approved  August  14,  lb76 72, 000  00 

AoiouDt  (estimated)  required  for  completion  of  existing  project 554, 560  00 

Amonut  that  can  be  profitably  expended  in  liscal  year  ending  June  30, 

1878 250,000  00 

(2See  Appendix  J  5.) 

5.  Improvement  of  Sabine  Pass^  Texas, — By  the  contract  for  dredging 
the  bar  at  the  mouth  of  this  pass,  work  was  to  be  commenced  on  Octo- 
ber 1, 1875,  but  owing  to  alleged  difficulty  in  procuring  boats  the  con- 
tractors did  not  do  so  until  the  latter  part  of  February,  1876.  The  delay, 
however,  was  not  of  much  consequence,  as  it  covered  a  portion  of  the 
most  difficult  season  of  the  year  for  work  at  Sabine  Pass. 

Since  commencing  the  work  great  delay  has  been  occasioned  by  stor  jis 
and  breakage  of  machinery;  23,294  cubic  yards  of  material  is  reported 
as  having  been  excavated  up  to  June  30, 1876. 

Amount  available  July  1, 1875 $20,000  00 

Amount  expended  during  fiscal  year  ending  June  30,  ld76 3, 341  16 

Amount  available  July  1, 1876 16,658  84 

Amount  appropriated  by  act  approved  August  14,  lc?76 3e?,  000  UO 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  \fu^.  29, 500  00 

(See  Appendix  J  6.) 

IMPHOVEMBNT  OP  OUACHITA  AND  YAZOO  RIVERS—REMOVAL  OF  RED 
RIVER  RAPT — IMPROVEMENT  OF  TONES  BAYOU  A3SD  CYPRESS  BAYOU, 
RED  RIVER,  AND  CONSTRUCTION  OF  DAM  AT  FouT  OF  SODO  LAKE- 
WATER-GAUGES  ON  THE  MISSISSIPPI  RIVER  AND  ITS  PRINCIPAL 
TRIBUTARIES. 

Officer  in  charge,  Capt.  W.  H.  H.  Benyaurd,  Corps  of  Engineers. 

1.  Improvement  of  Ouachita  River  in  Louisiana  and  Arkansas, — Opera- 
tions during  the  year  were  continued  with  the  snag-boat  in  clearing  the 
river  of  its  moat  dangerous  obstructions  in  the  way  of  snags  and  wrecks. 
Some  work  was  also  attempted  in  Bayou  Bartholomew,  the  most  im- 
portant tributary  of  the  Ouachita,  but  the  stage  of  water  would  ouly 
permit  little  work  to  be  done. 

Daring  the  coming  season  it  is  proposed  to  operate  with  the  snag- 
boat  as  heretofore. 

Amount  available  Jaly  1,1875 $18,485  49 

Amount  expended  daring  fiscal  year  ending  Jane  30,  lb76,  Louisiana, 

115,728.08;  Arkansas,  $2,399.38 18,127  46 

Amount  available  July  1, 1876 358  03 

Amount  appropriated  bV  act  approved  August  14,  1876 12, 600  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .  30,  OuO  00 

(See  Apx)endix  K  1.) 

2.  Improvement  of  Yazoo  River,  Mississippi. — The  appropriation  for 
thi8  stream  being  insufficient  to  provide  a  new  outfit  aud  to  do  the  work 
absolutely  necessary,  operations  were  carried  on  with  the  snag-boat,  at 
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a  time  when  she  could  be  conveniently  spared  from  the  Oaachita  Biver, 
and  consisted  of  the  removal  of  snags,  logs,  overhanging  trees,  and  por- 
tions of  wrecks  of  steamers  Star  of  the  West  and  Capitol.  If  the  im- 
provement of  this  river  is  continued,  operations  will  be  similar  daring 
the  coming  season. 

The  Yazoo  River  has  important  tributaries,  such  as  the  Big  Sunflower, 
Tallahatchie,  &c.,  which  are  navigated  by  the  same  steamers  that  ply 
on  the  main  river,  and  as  it  is  equally  important  to  have  them  also  im- 
proved, it  is  suggested  that  in  the  event  of  future  appropriations  the 
benefits  thereof  be  extended  to  them. 

Amount  available  July  1,1875 $11,616  47 

Amount  expended  during  fiscal  year  ending  June  30, 1876 11, 616  47 

Amount  appropriated  by  act  approved  August  14, 1876 15, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 93, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  50, 000  00 

(See  Appendix  K  2.) 

3.  Removing  raft  in  Red  River^  Louisiana, — Operations  were  continued 
at  intervals  during  the  season  with  the  steamer  Florence  (which  had 
been  purchased  to  take  the  place  of  the  Sterling,  worn  out  in  service) 
and  with  the  crane-boat  with  full  working  force,  in  removing  portions 
of  the  old  raft,  felling  timber  along  the  caving  banks,  removing  jams  to 
prevent  the  blockade  of  the  river  and  the  re-formation  of  the  raft,  and 
in  palling  snags,  which  were  the  remains  of  the  old  raft. 

During  the  coming  season  it  is  proposed  to  remove  portions  of  the  old 
raft  still  remaining,  so  as  to  make  a  channel  150  feet  wide  through  the 
raft,  and  thus  reduce  the  possibility  of  the  river  blocking  up  so  easily ; 
to  cut  down  the  willows  and  other  small  growth  below  Carolina  Bluff, 
so  as  to  allow  the  river  to  widen  itself;  to  pull  up  the  dangerous  snags, 
and  to  cut  the  timber  likely  to  cave  into  the  river,  above  the  head  of 
the  raft  as  far  up  as  it  is  possible  to  work. 

Amount  available  July  1, 1R75 .* $39,354  91 

Amount  expended  during  fiscal  year  ending  June  30,  1876 39, 147  76 

Amount  available  July  1,  1876 207  15 

Amount  appropriated  by  act  approved  August  14, 1876 35, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 115, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    75, 000  00 

(See  Appendix  K  3.) 

4.  Improvement  of  Cypress  Bayou  and  construction  of  dams  and  dredg- 
ing at  foot  of  Sodo  LaJcCy  Texas. — During  July,  operations  were  continued 
with  the  dredge-boat  in  finishing  the  cut  that  had  been  commenced  the 
previous  season,  after  which  the  dredge-boat  was  laid  up  and  thoroughly 
repaired.  • 

No  work  was  done  at  the  foot  of  Sodo  Lake,  there  being  no  fands  on 
hand  for  that  purpose. 

There  has  been  no  appropriation  for  this  work  since  that  for  the  fiscal 
year  ending  June  30,  1874. 

It  is  proposed  to  apply  the  appropriation  made  for  the  fiscal  year  to 
dredging  at  various  points  in  the  bayou,  and  also  to  removing  stumps 
and  other  obstructions  in  the  lake. 

Amount  available  July  1,  1875 $4,259  G8 

Amount  «»xpended  during  fiscal  year  ending  June  30,  1876 4,237  58 

Amount  available  July  1, 1876 22  10 

Amount  appropriated  by  act  approved  August  14,  1876 13»  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  10, 000  00' 

(Sea  Appendix  K  4.) 
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5.  Water-gauges  on  the  Mississippi  River  and  its  principal  tributaries, — 
Observations  were  continaed  at  all  tbe  ganges.  They  are  dow  in  good 
condition,  with  the  exception  of  that  at  Memphis,  Tenn.  This  gauge 
will  be  put  in  good  order  so  soon  as  the  levee  is  repaired  by  the  city, 
foods  on  hand  being  reserved  for  that  purpose. 

Amonut  available  July  1, 1875 85,927  63 

Amonnt  expeuded  during  fiscal  year  euding  June  30,  1876 4, 390  37 

Amonut  available  Jnly  1, 1876 1,537  26 

Amonut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  lti78.  5, 000  00 

(See  Appendix  K  5.) 

REMOVING  SNAGS  AND  WRECKS  FROM  THE  3aSSISSIPPI,  MISSOURI, 
AND  ARKANSAS  RIVERS,  AND  FROM  WHITE  AND  SAINT  FRANCIS 
RIVERS — IMPROVEMENT  OF  WHITE  RIVER  ABOVE  JACKSONPORT, 
ARKANSAS. 

OflScer  in  charge,  Major  Charles  R.  Suter,  Corps  of  Engineers. 

1.  Mississippiy  Missouri^  and  Arkansas  Rivers, — ^The  snag-boats  have 
worked  during  the  past  year  in  the  Mississippi  River,  from  Vicksburg, 
Miss.,  to  Enterprise  Island,  a  distance  of  900  miles ;  in  the  Missouri 
River,  from  the  month  to  Brunswick,  Mo.,  272  miles;  and  in  Arkansas 
Biver,  from  the  month  to  Pine  Bluff,  Ark.,  172  miles.  As  much  work  was 
accomplished  as  was  possible  with  the  funds  available,  but  it  was  neither 
as  extensive  nor  complete  as  the  interests  of  navigation  demand. 

During  the  present  season,  owing  to  the  restrictions  placed  npon  the 
expenditure  of  the  appropriation  made  in  the  act  of  August  14,  1876, 
still  less  work  than  usual  will  be  possible.  Fifty  thousand  dollars  is 
the  sum  allotted  to  this  work,  the  greater  portion  of  which  will  be 
expended  npon  the  Mississippi. 

The  oflBcer  in  charge  urgently  renews  his  recommendation  that  appro- 
priations be  made  to  enable  him  to  replace  the  worn-out  boats  of  the 
working  fleet.  Their  wooden  hulls  have  deteriorated  to  such  an  extent 
as  to  render  them  almost  worthless  for  service,  and  the  expense  of  keep- 
ing them  afloat  is  a  heavy  tax  on  the  annual  appropriations.  But  one 
really  efUcieut  boat  is  available,  the  iron  snag-boat  J.  N.  Macomb,  and 
the  cost  of  her  construction  was  charged  to  the  current  appropriations 
for  running  expenses,  greatly  crippling  the  work.  Unless  special  appro- 
priations are  made  for  the  purpose,  the  other  worn-out  boats  must  be 
replaced  in  the  same  manner,  which  will  interfere  seriously  with  the 
efficiency  of  the  work.  When  the  new  boats  needed  are  once  built,  it 
will  be  probably  20  or  30  years  before  they  will  require  renewing,  so 
that  appropriations  which  are  made  for  the  work  can  be  expended  in  the 
reojoval  of  obstructions. 

AmooDt  available  Jnly  1,  lb75 894,657  55 

Amount  expended  daring  fiscal  year  ending  June  30, 1876 90,996  57 

Amonnt  available  July  1,  ld76 3,658  98 

Amonnt  appropriated  by  act  approved  Angust  14,  1:^76 100, 000  00 

Amonnt  required  for  tbe  fiscal  vear  ending  Jnne  30,  1878,  viz : 
For  bniiding  one  large  iron-hulled  snag-boat,  to  carry  machinery  of  one 

of  tbe  present  wooden  boats , $140, 000  CO 

For  bniiding  one  small  iron-hnlled snag-boat,  to  carry  machinery  of  one  of 

the  present  wooden  boats 105,000  00 

For  bniiding  one  small  iron-hnlled,  stern- wheel  snag-boat 60, 000  00 

For  repairing  one  wooden  snag-boat,  and  fitting  it  up  for  wrecking  pnr- 

pones 50,000  00 

Fjr  vorking  expenses  of  five  boats,  ten  months  each,  at  i|^4,000  per  month  200, 000  00 

555,000  00 

(See  Appendix  L  1.) 
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2.  White  Rivery  above  Jacksonport — ^The  small  balance  remaiuiug  of 
tbe  appropriation  for  this  work  has  been  expended  during  the  last  iiiH3al 
year  in  caring  for  the  Government  property  belonging  to  the  improve 
ment  and  in  completing  a  report  upon  a  plan  of  permanent  improve- 
ment for  this  portion  of  White  River. 

With  regard  to  the  improvement  of  Upper  White  River  the  officer  in 
charge  estimates  the  cost  of  giving  a  navigable  depth  of  2^  feet  from 
Jaeksouport  to  Batesville,  2  feet  from  Batesville  to  Sylamore,  and  18 
inches  from  Sylamore  to  the  head  of  Buffalo  Shoals,  at  $710,234.37,  the 
improvement  to  consist  of  dikes  for  concentrating  the  water  and  for  re- 
ducing the  local  slopes.  Before  the  work  is  commenced  additional  sur- 
veys are  needed.  For  this  and  for  snag-boat  work  an  estimate  for  tbe 
coming  fiscal  year  is  submitted  by  the  officer  in  charge. 

Aniounl  available  July  1,  1875 $7,771  26 

Amount  expended  during  fiscal  year  ending  J nue  30, 1876 7, 771  26 

Amount  appropriated  by  act  approved  August  14, 1876 10,000  00 

Amount  (e8timat*-d)  required  tor  completion  of  existing  project 710, 234  37 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1873 .  57, 700  00 

(See  Appendix  L  2.) 

3,  Improvement  of  White  and  Saint  Francis  Rivers, — No  appropriation 
has  been  made  for  work  on  these  streams  during  the  present  season,  but  as 
work  is  much  needed  there  the  officer  in  charge  submits  an  estimate  for 
a  snag-boat  and  expense  of  operating  same. 

For  building  one  stern- wheel  iron  snag-boat $60,000  00 

For  operating  same  10  months,  at  $4,000  per  mouth 40, 000  00 

100, 000  00 

(See  Appendix  L  3.) 

EXAMINATIONS  AND  SURVEYS  FOE  niPRGYEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  March  3, 
1875,  Major  Suter  was  charged  with  and  has  submitted  a  report  upon 
the  survey  of  Missouri  River  at  the  point  where  it  is  cutting  into  the  Kansas 
shore  above  Saint  Joseph%  Missouri,    (See  Appendix  L  4.) 

IMPROVEMENT  OP  MISSISSIPPI  RIVER  BETWEEN  THE  MOUTHS  OF  THE 
ILLINOIS  AND  OHIO  RIVERS  —  IMPROVEMENT  OF  OSAGE  RIVER. 

Officer  in  charge,  Col.  J.  H.  Simpson,  Corps  of  Engineers,  having  under 
his  immediate  orders  Capt.  G.  J.  Allen,  Goq)S  of  Engineers. 

1.  Improvement  of  the  Mississippi  River  between  the  mouths  of  the  Illi- 
nois and  Ohio  Rivers. — The  unexpended  balance  of  the  appropriation  of 
$15,000,  of  June  23, 1874,  and  the  appropriation  of  $15,000,  of  March  3, 
1875,  for  application  between  the  Illinois  and  Missouri,  were  applied  to 
the  construction  of  a  low  dam  at  Piasa  Island,  with  the  exception  of 
$197.30  used  in  repairs  of  the  dam  opposite  Alton,  and  a  small  balance 
yet  available  for  continuing  work. 

The  further  sum  of  $15,000  is  provided  by  the  act  of  August  14, 1876, 
for  expenditure  between  the  Illinois  and  Missouri.  With  this  sum  and 
the  small  balance  of  the  previous  appropriation,  it  is  proposed  to  con- 
tinue the  construction  of  the  dam  at  Piasa  Island,  and  apply  $1,500  to 
the  necessary  repairs  and  extension  of  the  abutments  of  the  dam  oppo- 
site Alton. 

Work  at  Sawyer  Bend,  in  Saint  Louis  Harbor,  was  confined  to  an  ex- 
penditure of  $1,466.68  for  repairs.  The  limited  appropriation  for  the 
present  year  does  not  justify  the  continuation  of  work  at  this  locality. 
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The  snm  of  $2,791.53  was  applied  to  the  partial  restoration  of  the 
coDdition  of  Long  Dike,  near  Venice,  previous  to  its  injury  by  ice  in  the 
spring  of  1875.  Further  repairs  are  required  to  keep  the  dike  at  its 
proper  height,  which  will  involve  an  estimated  expenditure  of  $2,500. 
No  work  is  proposed  here  the  present  year. 

Owing  to  changes  at  and  near  Arsenal  Island,  the  condition  of  the 
channel  at  Horsetail  Bar  was  very  unfavorable  during  great  part  of  the 
season  of  1875.  An  additional  dike  was  located  and  considerable  prog- 
ress made  in  its  construction.  The  dikes  contemplated  in  the  original 
project  at  this  locality  have  effected  all  that  could  reasonably  be  expected 
of  them  in  t^eir  incomplete  state.  The  foundations  being  well  advanced, 
it  is  now  necessary  to  raise  the  dikes  to  such  height  as  may  be  found 
necessary  to  control  the  channel  at  the  mean  stage  of  water.  Their  in 
flaence  hitherto  being  limited  to  low  stages,  the  difficulties  at  the  mean 
stage  have  not  been  removed.  It  is  contemplated  to  raise  the  dikes  and 
extend  them  to  their  full  length  as  soon  as  possible. 

The  dams  at  Fort  Ghartres,  Towhead,  and  Turkey  Island  are  well  ad- 
vanced and  can  be  completed  the  present  year.  The  channel  has  con- 
tinued good  in  the  section  of  river  which  was  expected  to  be  improved 
by  these  works. 

The  channel  at  Liberty  Island  having  changed,  during  the  high  water 
of  1875,  from  the  east  to  the  west  side  of  the  island,  it  became  unadvis- 
able  to  close  the  Missouri  chute  as  contemplated,  and  it  was  thought 
best  to  devote  the  means  allotted  to  the  locality  to  the  protection  of  the 
west  bank  opposite  and  above  the  head  of  the  island.  This  protection 
was  necessary  to  prevent  the  river  getting  into  such  condition  as  to 
render  a  return  to  the  old  channel  impossible.  Present  appearances  in- 
dicate that  the  west  chute  will  remain  the  channel,  rendering  the  exten- 
sion of  the  protection  necessary,  which  it  is  proposed  to  do  the  present 
year. 

The  works  at  Devil's  Island  were  continued  during  the  year.    The 
channel  was  crooked,  but  the  depth  was  maintained.    The  dike  in  the 
Missouri  chute  settled  during  the  high  water  of  1875,  and  required  a 
large  amount  of  material  to  restore  it  to  its  former  height.    The  con- 
struction of  the  dams  in  the  Illinois  chutes  was  succesfnlly  continued. 
New  works  have  been  authorized  by  Congress  in  the  river  and  harbor 
act,  approved  August  14, 1876,  at  Cahokia  Chute  and  Arsenal  Island. 
The  closure  of  Cahokia  Chute  cannot  be  undertaken  with  the  means  pro- 
vided, which  will  all  be  required  for  the  revetment  of  the  island.    The 
island  is  wasting  rapidly,and  causing  great  injury  to  the  navigation  of  the 
river  below.    The  closure  of  the  chute  is  a  work  which  must  be  done  in 
one  season,  and  therefore  the  appropriation  of  $75,000  is  necessary  in  a 
single  snm,  if  Congress  sees  fit  to  make  a  specific  appropriation  for  the 
purpose. 

Ftovision  is  made  in  the  recent  act  requiring  $5,000  to  be  expended 
between  islands  No.  14  and  No.  15,  near  the  town  of  Kaskaskia.  This 
sum  is  insufficient  to  accomplish  useful  results,  as  it  would  be  unsafe  to 
place  so  small  an  amount  of  protection  at  the  threatened  point,  lest  it 
be  flanked  and  detached  from  the  shore,  to  be  an  obstruction  to  the 
channel. 

A  similar  provision  requires  $30,000  to  be  expended  for  the  protection 
of  the  banks  between  the  foot  of  Dickey's  Island  and  the  mouth  of  the 
Ohio  Itiver,  which  will  be  done  the  present  year.  The  commencement 
of  this  work  will  involve  its  continuation  to  the  full  extent  estimated 
in  the  special  report  dated  February  5, 1876.  (See  H.  R.  Ex.  Doc.  126, 
44th  Congress,  1st  session.    See  also  Appendix  M  4,  of  this  report.) 

6  £ 
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The  officer  in  charge  sabmits  an  estimate  of  $500,000  for  the  fiscal  year 
ending  June  30, 1878.  This  estimate  is  a  redaction  of  preceding  esti- 
mates of  50  per  cent.,  and  is  submitted  as  the  least  amount  that  can  be 
profitably  expended.  The  necessary  expenses  of  administration  and 
repairs  of  existing  works  consume  a  considerable  percentage  of  small 
appropriations,  and,  as  the  item  of  repairs  must  necessarily  increase, 
the  percentage  so  consumed  must  increase  unless  the  appropriation  be 
liberal  enough  to  allow  a  vigorous  prosecution  of  the  works  to  comple- 
tion. 

The  appropriation  of  the  above  sum  is  recommended. 

Amonnt  available  July  1, 1875 (208,337  42 

Amount  expended  during  fiscal  year  ending  June  30, 1876 192, 612  74 

Amount  available  July  1, 1876,  including  ^,133.38  due  on  contracts 15, 724  68 

Amount  appropriated  by  act  approved  August  14, 1876 229, 600  00 

A  mount  (estimated )  required  for  completion  of  existing  project 6, 279, 600  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1878 600,000  00 

(See  Appendix  M  1.) 

2.  Improvement  of  Osage  River^  Missouri. — The  funds  for  this  work 
were  exhausted lat  the  beginning  of  the  fiscal  year,  and  as  Congress  made 
no  provision  for  further  work,  the  property  which  had  been  used  in  the 
improvement  and  surveys  was  disposed  of  at  public  auction,  and  the 
proceeds,  less  expenses  of  sale,  turned  into  the  lYeasury.  (See  Appen- 
dix M  2.) 

3.  Survey  of  the  Mississippi  River ^  near  KasJcasMa^  111 — Under  an  ap- 
prehension that  a  serious  erosion  might,  at  an  early  day,  occur  at  the 
junction  of  the  Kaskaskia  with  the  Mississippi,  at  the  request  of  the  Bep- 
resentative  in  Congress  from  that  district.  Colonel  Simpson  was  in- 
structed to  cause  a  special  examination  to  be  made  of  the  locality,  with 
the  view  of  suggesting  a  remedy,  if  necessary.  (For  his  report,  see  Ap- 
pendix M  3.) 

IMPROVEMENT  OP  THE  UPPEE  MISSISSIPPI  BIYEB  BELOW  SAINT 
PAUL — IMPROVEMENT  OP  DES  MOINES  AND  BOOK  ISLAND  BAPIDS 
OP  THE  MISSISSIPPI  BIVEE — IMPBOVBMENT  OF  ILLINOIS  BIVBB. 

Officer  in  charge.  Col.  J.  N.  Macomb,  Corps  of  Engineers,  having 
under  his  immediate  orders  Capt.  Amos  Stickney,  Corps  of  Engineers. 

^  1.  Improvement  of  Upper  Mississippi  River. — The  United  States  steamer 
Montana  was  employed,  as  heretofore,  in  rendering  temporary  aid  to 
navigation  in  opening  channels  through  bars  by  the  use  of  Long's 
scraper,  pulling  snags,  and  removing  overhanging  trees,  and  also  in 
building  low  dams  and  jetties,  to  contract  the  river  and  permanently  im- 
prove the  channel. 

On  account  of  the  great  age  of  the  Montana,  and  the  consequent  in- 
creasing expense  from  year  to  year  to  repair  and  fit  her  for  service,  the 
officer  in  charge  recommends  the  purchase  of  a  new  iron  hull  for  her 
machinery,  which  is  in  excellent  condition  ^  also  of  new  steel  boilers. 
His  estimate  of  the  cost  of  new  hull,  boilers,  and  transfer  of  machinery, 
and  for  current  expenses  during  the  year  is  $91,500. 

Amount  available  July  1,  1875 fS3,539  49 

Amount  expended  during  fiscal  year  ending  June  30, 1876 sil,  9'2ir(7:J 

Amount  available  July  1, 1876 l,60*J^Si5 

Amount  appropriated  by  act  approved  August  14,  1876 :jD,  UOO  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     91, 500^00 

(See  Appendix  N  1.) 
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2.  Improvement  of  Des  Moines  Bapids^  Mississippi  River. — Daring  the 
past  season  much  work  has  been  done  in  excavating  prism  of  canal, 
building  lock-gates,  finishing  the  masonry  of  the  guard-lock,  and  in  ex- 
cavating rock  at  Montrose  Chain.  This  latter  work  proved  far  more 
expensive  than  was  anticipated,  owing  to  disasters  experienced  from 
unprecedented  fioods,  and  also  in  the  discovery  from  new  surveys  of 
25,000  more  yards  of  rock  to  be  taken  out  than  had  been  called  for  by 
the  surveys  made  several  years  ago,  upon  which  the  estimates  were 
based. 

Some  56,000  cubic  yards  of  rock  were  taken  out,  and  this  portion  of 
the  work  is  nearly  completed.  Notwithstanding  the  numerous  disasters, 
the  rock  was  excavated  by  means  of  hired  labor  at  about  one-half  of 
the  usual  cost  of  similar  work  done  by  contract. 

For  reasons  above  stated,  an  appropriation  of  $275,584  was  asked  for 
the  fiscal  year  ending  June  30, 1877,  to  complete  this  improvement.  Of 
this  sum,  $230,000  was  appropriated  by  the  act  of  August  14, 1876, 
leaving  a  balance  of  $45,584,  to  which  should  be  added  $40,000,  esti- 
mated, for  the  maintenance  of  the  canal  during  the  fiscal  year  ending 
June  30,  1878,  making,  in  all,  $85,584. 

Operations  for  the  completion  of  this  improvement  were  necessarily 
suspended  during  the  greater  part  of  the  present  working  season,  until 
the  appropriation  of  August  14, 1876,  was  made  available.  The  conse- 
quence of  this  long  suspension  of  operations  has  been  unlooked-for  in- 
jury to  the  work,  to  repair  which,  and  to  bring  the  work  to  its  final 
completion,  the  officer  ih  charge  finds  himself  reluctantly  forced  to  add 
to  his  former  estimate  the  sum  of  $50,000,  making  in  all  the  sum  of 
dI35,000,  as  required  for  the  fiscal  year  ending  June  30, 1878. 

Amount  available  July  1,  1575 ^82,889  88 

Amount  expended  daring  fiscal  year  ending  Jane  30,  1876 582, 889  88 

Amount  appropriated  by  act  approved  August  14,  1876 230, 000  00 

Amount  (eatimated)  required  for  completion  of  exii^ting  project 95, 000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 
1878,  incloding  amount  for  annual  maintenance 135, 000  00 

(See  Appendix  N  2.) 

3.  Improvement  of  Rock  Island  RapidSy  Mississippi  River. — During  the 
year  2,340.5  cubic  yards  of  rock  at  Lower  Chain  and  305.44  cubic  yards 
of  rock  at  Saint  Louis  Chain  have  been  removed.  The  insufficiency  of 
the  appropriation  of  August  14, 1876,  will  only  allow  the  removal  of 
8ome  rock-patches  at  Saint  Louis,  Campbell's,  and  Duck  Creek  Chains 
daring  the  fiscal  year  1876-'77. 

The  work  closing  the  improvement  consists  of  excavating  2,500  cubic 
yards  of  rock  at  the  foot  of  Moline  Chain,  for  the  final  accomplishment 
of  which,  and  for  meeting  all  probable  contingencies  in  completing  the 
work,  the  officer  in  charge  asks  an  appropriation  of  $50,000  for  the  fis- 
cal year  ending  June  30, 1878. 

Amount  available  July  1, 1875 |52,432  03 

Amount  expended  dnriufc  fiscal  year  endine  June  30,  1876 46,702  87 

Amount  available  July  1,  1876,  inclading  ^,808.60  due  on  contracts 5,729  16 

Amount  appropriated  by  act  approved  August  14,  1876 25, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     50, 000  00 

(See  Appendix  IS^  3.) 

4.  Improvement  of  Illinois  River. — The  project  for  continuing  the  work 
of  improving  the  river  by  dredging  and  building  dams,  jetties,  and 
training- walls  was  successfully  carried  on,  but  not  entirely  completed, 
owing  to  suspension  of  work  caused  by  long  continuance  of  floods  in  the 
river.    The  sum  of  $120,000  is  asked  for  completing  this  improvement. 
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Amount  available  July  1, 1875 $113, 126  42 

Amount  expended  during  fiscal  year  ending  Jane  30,  1876 73, 434  56 

Amount  available  July  1, 1876,  including  $3,020.95  due  on  contracts 39, 691  86 

Amount  appropriated  by  act  approved  August  14,  1876 • 40,000  00 

Amount  (estimated)  required  fur  completion  of  existing  project 120, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.      80, 000  00 

(See  AppeDclix  K  4.) 

•     EXAMINATIONS  FOR  IMPROVEMENT. 

In  consequence  of  petitions  from  tbe  mayor  and  aldermen  of  Fort 
Madison  and  from  the  authorities  of  Burlington,  Iowa,  at  the  request  of 
the  Bepresentative  in  Congress  from  that  district,  and  by  direction  of 
the  Secretary  of  War,  Colonel  Macomb  was  instructed  to  make  an  exam- 
ination of  those  localities  and  submit  a  plan  for  the  improvement  of  the 
navigation  of  the  Mississippi  in  their  vicinity.  (For  his  reports  thereon, 
see  Appendixes  N  5  and  N  6.) 

And  also,  in  consequence  of  a  petition  from  merchants  of  Dnbaque, 
and  owners  of  a  large  number  of  steamboats  plying  the  Upper  Missis- 
sippi, at  the  request  of  the  Hon.  W.  B.  Allison,  Senator  from  Iowa, 
Colonel  Macomb  was  instructed,  by  direction  of  the  Secretary  of  War, 
to  make  an  examination  of  the  harbor/  of  Dubuque,  with  the  view  of 
devising  a  plan  for  the  preservation  of  the  landing  from  injury  arising 
from  changes  in  progress  in  the  channels  of  the  river  at  that  point. 
(For  his  report,  see  Appendix  N  7.) 

PRESERVATION  OP  THE  PALLS  OP  SAINT  ANTHONY,  AND  IMPROVEMENT 
OP  THE  MISSISSIPPI  ABOVE  THE  PALLS — CONSTRUCTION  OF  LOOK 
AND  DAM  AT  MEEKER'S  ISLAND — IMPROVEMENT  OP  MINNESOTA 
RIVER. 

Officer  in  charge,  Maj.  F.  U.  Farquhar,  Corps  of  Engineers. 

1.  Preservation  of  the  Falls  of  Saint  Anthony, — During  the  year  the 
entire  excavation  for  the  concrete  dike  was  made,  and  the  dike  itself 
completed,  except  the  filling  of  the  upper  and  lower  passages;  8,377 
cubic  yards  of  concrete  were  put  in  place,  and  there  remains  about  3,000 
cubic  yards  of  concrete  to  be  put  in  place  to  finish  this  portion  of  the 
work.  The  apron  was  repaired  at  a  cost  of  $25,215.46,  of  which  amount 
$1,500  were  contributed  by  the  citizens  of  Minneapolis. 

The  following  work  will  be  carried  out  during  the  fiscal  year  ending 
June  30, 1877,  if  funds  become  available : 

1st.  The  dike  will  be  completed. 

2d.  The  rolling  dams  on  the  ledge  above  the  Falls  in  the  main  chan- 
nel will  be  built. 

3d.  The  excavations  under  the  lime-rock  above  the  dike  will  be  filled 
with  gravel ;  and 

4th.  An  extension  of  the  apron  will  be  constructed  on  the  east  side  of 
the  main  channel. 

An  additional  sum  of  $5,000  (being  the  balance  remaining  unappro- 
priated of  the  estimate  submitted  in  the  last  annual  report)  will  be 
required  during  the  next  fiscal  year. 

Amount  available  July  1, 1875 |135, 106  76 

Amount  expended  during  fiscal  year  ending  June  30,  1876 132, 044  38 

Amount  available  July  I,  1876,  including  $511.70  due  on  contracts 3, 062  liS 

Amount  appropriated  by  act  approved  August  14,  1876 120, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 184, 726  35 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30,  1878  5, 000  QO 

(See  Appendix  O  1.) 
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2.  Improvement  of  MisHssippi  River  above  Falls  of  Saint  Anthony, — No 
work  of  improvement  was  carried  on  daring  the  fiscal  year,  as  tbe 
amoant  available  from  tLe  appropriation  made  in  1874  was  not  suffi- 
cient, and  it  was  deemed  necessary  to  expend  the  total  sum  appropriated 
by  the  act  of  March  3, 1875,  on  the  work  at  the  Falls  of  Saint  Anthony. 
Tiie  river  was  gauged  for  the  purpose  of  determining  the  high  and  low 
water  discharges.    An  additional  appropriation  of  $55,000  is  required. 

Amonnt  appropriated  by  act  approved  Angast  14,  1876 $20, 000 

Amount  (estimated)  required  for  completion  of  existing  project 55, 000 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1878  ..     55, 000 

(See  Appendix  O  2.) 

3.  Construction  of  lock  and  dam  on  Mississippi  River  at  Meeker^s  Island^ 
Minnesota. — 'So  work  has  been  done  here,  as  no  funds  were  available' 
because  the  parties  holding  the  land-grant  have  not  made  any  accepta' 
ble  release  as  required  by  the  act  approved  March  3, 1875.  The  State  of 
Minnesota  should  annul  the  grant  to  the  parties  now  holding  the  land- 
grant,  and  release  the  same  to  the  United  States. 

To  carry  on  this  work,  a  sum  not  less  than  $300,000  should  be  appro- 
priated for  the  fiscal  year  ending  June  30, 1878. 

AmoQDt  available  July  1, 1876 825,000  00 

Amonnt  (eetimated)  required  for  completion  of  existing  project 922, 121  46 

(See  Appendix  O  3.) 

4.  Improvement  of  Minnesota  River. — A  contract  has  beeii  made  for 
removing  snags,  bowlders,  and  overhanging  trees  from  the  river  and  its 
banks.  Under  this  contract  all  the  snags  and  bowlders  in  low-water 
channel,  and  overhanging  trees  on  the  banks  of  the  river,  were  removed 
between  Mankato  and  a  point  20  miles  below  It  is  not  deemed 
necessary  to  commence  the  improvement  of  the  navigation  of  the  river 
until  the  lock  and  dam  at  Little  Eapids  are  built.  The  expenditure  ot 
the  last  appropriation  of  $10,000  will  be  deferred  until  next  season, 
when,  should  an  additional  appropriation  of  $50,000  be  made,  the  lock 
and  dam  can  be  commenced,  otherwise  the  available  funds  will  be  used 
in  continuing  the  removal  of  snags,  boulders,  &c.,  below  the  point 
already  reached. 

Amount  available  July  1,  1875 $9,620  84 

Amoant  expended  during  fiscal  year  ending;  June  30, 1876 9, 577  38 

Amoont  available  July  1,  1876,  including  $29.02  due  on  labor  and  materials  43  46 

Amoant  appropriated  by  act  approved  August  14,  1876 10, 000  00 

Amount  (eetimated)  required  for  completion  of  existing  project,  lock  and 

dam  at  Little  Rapids 127,463  05 

Amount  that  can  be  profitably  expended  in  fiseal  year  ending  June  30,  1878, 

lock  and  dam  at  Little  Rapids 60,000  00 

(See  Appendix  O  4.)         " 

EXA^HNATIONS  AND   SURVEYS   FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  March  3, 
1875,  Major  Farquhar  was  charged  with  the  survey  of  Chippewa  River ^ 
Wisconsinj  the  results  of  which  were  transmitted  to  Congress  at  its  last 
session  in  a  report  which  was  printed  in  H.  E.  Ex.  Doc.  No.  6S. 

(See  Apjiendix  O  5.) 

HIPB0VE3IENT   OF    THE   TENNESSEE    AND  CUMBERLAND   RIVERS,   AND 
OOSTENAULA  AND  OOOSAWATTEE  RIVERS,   GEORGIA. 

Officer  in  charge,  Maj.  Walter  McParland,  Corps  of  Engineers,  with 
Capt  L.  C.  Overman,  Corps  of  Engineers,  under  his  immediate  orders. 
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Major  McFarland  was  relieved  from  the  charge  of  these  works  May 
15, 1876,  by  Capt.  W.  E.  King,  Corps  of  Engiueers. 

1.  Tennessee  River  above  CMttanooga. — This  improvement  consists  in 
deepening  the  channel  at  the  numerous  shoals  by  building  stone  dams 
to  contract  the  waterway,  in  blasting  rock  from  the  channel,  and  re- 
moving sand-bars,  so  as  to  secure  at  least  3  feet  of  water  at  all  stages 
between  Chattanooga  and  Knoxville. 

Work  of  this  character  being  difficult  to  contract  for,  the  officer  in 
charge  has  been  directed  to  carry  it  on  by  hired  labor.  The  progress 
during  the  fiscal  year  was  satisfactory.  That  portion  of  the  river  be- 
tween Chattanooga  and  Kingston,  where  the  improvements  are  nearest 
completion,  can  now  be  navigated  during  the  whole  year  by  steamers 
drawing  nearly  3  feet  of  water,  and  as  the  work  is  extended  toward  Knox- 
ville, there  is  every  reason  to  expect  that  the  same  success  will  at- 
tend it. 

Amount  available  July  1, 1875 - $35,856  27 

Amount  expended  during  fiscal  year  ending  June  30,  1876 27, 994  26 

Amount  available  July  1, 1876 7,862  01 

Amouut  appropriated  by  act  approved  August  14,  1876 15,  000  00 

Amount  (estimated)  required  for  completion  of  existing  project 75, 000  00 

A  mount  that  can  be  profitably  expended  in  fiscal  year  endj  ng  June  30, 187b .  35, 000  00 

(See  Appendix  P  1.) 

2.  Tennessee  River  below  Chattanooga,  including  Muscle  Shoals. — To  the 
end  of  the  fiscal  year  the  work  completed  in  the  enlargement  and  repair 
of  the  old  canal  is  as  follows : 

Earth  excavation 253,284  cubic  yards. 

Earth  embankment 111,484  cubic  yards. 

Kock  excavation 7,598  cubic  yards. 

Slope  wall  built 575  cubic  yards. 

Removal  of  old  locks 425  cubic  yards. 

Grubbing  and  clearing 84.6  acres. 

This  work  is  done  by  contract. 

Colbert  Shoals. — ^The  work  in  this  vicinity,  being  similar  to  that  upon 
the  Upper  Tennessee,  is  done  by  hired  labor.  It  was  much  delayed 
early  in  the  season  by  continued  high  water,  but,  nevertheless,  a  fair 
progress  has  been  made  in  deepening  the  channel  and  in  the  extension 
of  the  dams  so  as  to  secure  a  sufficient  depth  of  water. 

The  estimate  submitted  by  the  officer  in  charge  of  the  amount  re- 
quired for  the  fiscal  year  ending  June  30,  1878,  includes  work  at  this 
point  as  well  as  at  Muscle  Shoals. 

Amount  available  July  1,  1875 • $499,263  73 

Amount  expended  during  fiscal  year  ending  June  30,  1 876 139, 3i27  81 

Amount  available  July  1,  1876,  including  $10,231.56  duo  on  contracts....  359, 935  92 

Amount  appropriated  by  act  approved  August  14, 1876 255, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 3. 304, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1878 745,000  00 

(See  Appendix  P  2.) 

3.  Improvement  of  Cumberland  River  beloto  Nashville. — The  working- 
season  of  the  fiscal  year  was  very  unfavorable  for  the  prosecution  of  this 
work,  channel-excavation  having  been  almost  impracticable  during  the 
whole  year.  The  principal  work  of  the  season  comprised  building  dams 
and  excavating  rock  at  Harpeth  Shoals  and  Davis's  Ripple. 

Amount  available  July  1, 1875 - — 825,356  86 

Amount  expended  during  fiscal  year  ending  June  30,  1876 12, 365  :ii5 

Amount  available  July  1, 1876 1*2,991  61 

Amount  (estimated)  required  for  completion  of  existing  project 184, 8*21  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .  75, 000  00 

(See  Appendix  P  3.) 
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4  Improvement  of  Oostenaula  and  Coosawattee  Rivera. — This  work  was 
cootinned  daring  the  year  until  the  balance  of  available  fands  was  ex 
faaosted.    It  consisted  generally  in  the  building  of  small  riprap  dams, 
the  removal  of  rock,  snags,  and  gravel  from  the  channels  and  of  over- 
hanging trees  from  the  banks. 

From  examinations  heretofore  made  it  would  require  an  additional 
appropriation  of  $13,200  to  complete  the  work  of  improvement  of  these 
rivers  as  originally  proposed. 

Amoiml  available  July  1,  1875 |7,552  05 

Amount  expended  during  fiBcal  year  ending  Jnne  30,  1876 7,5^  99 

Amoant  available  July  1, 1876 22  06 

Amount  (estimated)  required  for  completion  of  existing  project 13, 208  50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30, 1878.  13, 200  00 

(See  Appendix  P  4.) 

EXAMINATIONS  AND  SURVEYS  FOB  IMPEOVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  March  3, 
1875,  Major  McFarland  was  charged  with  the  following : 

1.  Examination  of  Little  Tennessee  River  from  the  Chilhowee  Mountains 
to  the  Georgia  linCf  in  Macon  County,  North  Carolina. 

2.  Continuing  survey  of  French  Broad  River  from  Henderson  County 
Une^  Tennessee. 

3.  Examination  of  French  Broad  River  from  Knoomlle  to  LeadvalCy 
Tennessee. 

4.  Examijtation  of  Ocmulgee  River ^  Georgia,  from  Macon  to  Covington. 

5.  Examination  of  PotceWs  River  from  the  Three  Forks^  in  Wise  County y 
Yirginiaj  to  the  mouth  of  Clinch  River,  Tennessee, 

6.  Examination  of  Clinch  River  from  the  mouth  of  Indian,  in  Tazewell 
County,  Virginia,  to  the  junction  of  Clinch  and  PowelVs  Rivers,  Tennessee. 

1.  Examination  of  Clinch  River  below  the  mouth  of  Emery^s  River ^  and 
Emery's  River  above  its  mouth,  for  the  removal  of  bars,  Tennessee. 

The  resalts  of  these  examinations  were  transmitted  to  Congress  at 
its  last  session,  in  reports  which  were  printed  in  H.  R.  Ex.  Docs.  Nos. 
141  and  188.    (See  also  Appendixes  P  5,  P  6,  P  7,  and  P  8.) 

mPBOVEMENT  OP  THE  NAViaATION  AT  THE  FALLS  OF  THE  OHIO 
RIVEB — SUPERINTENDENCE  AND  MANAGEMENT  OF  THE  LOUISVILLE 
AND  PORTLAND  CANAL. 

OflBcer  in  charge,  Maj.  G.  Weitzel,  Corps  of  Engineers,  having  Capt. 
Alexander  McKenzie,  Corps  of  Engineers,  under  his  immediate  orders. 

1.  Improvement  of  the  Falls  of  the  Ohio. — During  the  year  613  cubic 
yards  of  rock  excavation  were  made  inside  of  the  apron-dam  at  the 
head  of  the  canal.  Eepeatcd  rises  in  the  river  and  misfortune  arising 
from  a  large  break  in  the  coffer-dam,  prevented  more  from  being  done. 

No  further  appropriation  is  required  for  this  work. 

Amonnt  available  Jnly  1, 1875 8102,459  32 

Ainonnt  expended  during  fiscal  year  ending  June  30, 1876 12, 710  02 

Amount  available  July  1,1876 89,749  30 

(See  Appendix  Q  1.) 

2.  SuperintendencCj  management,  and  repair  of  the  Lotiisville  and  Port- 
land Canal. — ^During  the  year  3,233  boats  have  been  passed  through  the 
locks,  and  103,603  cubic  yards  of  sediment  have  been  removed  by  the 
dredges.    The  mechanics  have  been  employed  in  repairs  on  all  parts  of 
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the  machinery  and  accessories  of  the  canal,  and  in  making  new 
machinery  and  tools;  the  laborers,  in  passing  and  docking  boats  and 
in  general  work;  the  mud- scows  have  been  enlarged  and  thoroughly 
repaired ;  the  tug-boat  Walker  Morris  completely  rebuilt  and  im- 
proved. ^One  dredge  has  been  thoroughly  repaired  and  improved, 

A  machine-shop,  with  machinery  and  labor-saving  apparatus,  has 
been  erected,  a  iire-cistern  has  been  built,  a  telegraph-line  has  been 
constructed,  and  osage-orange  hedge  planted  along  the  canal. 

A  loan  of  $50,000,  to  be  repaid  from  time  to  time  as  the  surplus  of 
tolls  will  warrant,  is  needed  tor  this  work. 

Cash  on  hand  July  1, 1876 $28,017  19 

(See  Appendix  Q  2.) 

IMPROYEMENT  OP    THE  OHIO,  MONONGAHELA,  AND  WABASH    RIVERS. 

OflBcer  in  charge  Maj.  W.  E.  Merrill,  Corps  of  Engineers,  having 
under  his  immediate  orders  Lieut.  F.  A.  Mahan«  Corps  of  Engineers. 

1.  Improvement  of  the  Ohio  River. — The  contracts  outstanding  at  the 
end  of  the  last  fiscal  year  were  for  the  extension  of  the  French  Island 
dike;  the  completion  of  the  dike  at  Evansville;  the  completion  of  a 
dike  at  Henderson  Island,  and  the  construction  of  a  dam  at  the  same 
place. 

The  French  Island  dike  has  been  extended  1,518  feet,  making  a  total 
length  of  3,498  feet,  or  two-thirds  of  a  mile.  The  result  thus  far  has 
been  quite  satisfactory. 

Very  little  was  done  at  the  Evansville  dike  beyond  repairing  damages 
and  stopping  a  threatened  scour  below  the  shore-end.  The  flood  of 
August  so  reduced  the  working-season  that  no  work  could  be  done  on 
the  proposed  extension  of  500  feet.  The  dike  has  done  excellent  ser- 
vice, and  it  is  believed  that  when  extended  as  proposed  the  Evansville 
bar  will  be  entirely  removed.    Its  present  length  is  1,525  feet. 

The  dike  at  Henderson  Island  has  been  complete,  its  total  length 
being  1,900  feet.  It  has  had  an  excellent  effect  on  the  bar  on  which  it 
is  built,  but  it  has  but  little  effect  on  the  bar  at  the  foot  of  the  island, 
and  it  will  probably  be  necessary  to  build  another  dike  about  4,000  feet 
below  the  present  one  in  order  to  remove  this  obstruction. 

The  dam  behind  Henderson  Island  has  been  repaired  and  completed. 
Its  length  is  620  feet,  and  its  width  50  feet.  It  has  fully  accomplished 
its  object  of  forcing  all  the  water,  at  stages  below  6  feet,  to  pass  along- 
side of  the  dike. 

The  snag-boat  E.  A.  Woodruff  has  been  completed  and  put  in  com- 
mission. From  the  8th  to  30th  of  June,  she  had  removed  123  snags  and 
2  wrecks,  and  is  still  at  work  doing  good  service  to  Ohio  River  com- 
merce. 

The  Government  dredges  Ohio  and  Oswego  have  been  in  constant 
service,  except  during  the  mouths  of  ice  and  high  water.  During  the 
fiscal  year  they  have  dredged  the  following  from  the  channel : 

Cubio  yardn. 

SawMiU  Rnn 19,201 

Brnn6t'8  Island 25,173 

Deadman's  Island 22,807 

Whitens  Bar 8,329 

Hay's  Bar 29,9Gl 

Deadman's  Island  '. 15,330 

Kaccoon  Island 6,940 

Total 127,741 
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The  average  cost  per  cubic  yard  daring  the  year  1875  was  17  cents. 

The  dredges  also  removed  from  the  channel  11  wrecks  and  6  snags. 

Forty-tbree  snags  and  one  rock-heap  were  removed  by  special  con- 
tract daring  the  autamn  of  1875,  before  the  snag-boat  was  completed. 

Daring  tbe  fiscal  year  two  contracts  were  made  for  the  removal  of 
wrecks  in  tbe  Lower  Ohio.  One  contractor  failed  to  procure  bondsmen, 
and  did  no  work.  The  other,  at  the  close  of  the  fiscal  year,  had  removed 
3  wrecks,  and  since  June  30,  he  has  completed  his  contract. 

No  work  was  done  on  the  first  movable  dam  on  the  Ohio,  (for  which 
$100,000  was  allotted,)  because  the  legislature  of  Pennsylvania  failed 
to  pass  an  act  giving  cession  of  jurisdiction  and  power  to  condemn  the 
necessary  land.  The  report  contains  an  account  of  the  steps  taken  to 
secure  the  required  legislation. 

For  the  report  of  the  board  of  engineer  officers  convened  to  examine 
and  report  upon  and  which  adopted  the  plan  and  location  of  this  dam, 
as  proposed  by  Major  Merrill,  see  Appendix  E  2. 

Daring  the  early  part  of  1876  Lieutenant  Mahan,  whilst  on  leave  of  ab- 
sence, made  a  special  examination  of  the  various  movable  dams  now  in 
operation  in  France.  In  consequence  of  the  information  he  obtained, 
(see  Appendix  B  1,)  and  of  information  from  other  sources,  it  is  now 
proposed  by  the  officer  in  charge  to  replace  the  maneuvering-boat  by  a 
service  bridge,  and  to  crown  the  high  wier  with  a  Poir6e  dam,  using 
either  needles  or  the  gates  invented  by  M.  Boul^,  as  may  be  subsequently 
determined.  A  new  estimate  for  this  dam  is  therefore  submitted  by 
Major  Merrill.  Its  total  cost,  including  the  dam  behind  Davis  Island, 
is  pat  at  $465,000,  of  which  $90,845  is  now  on  hand. 

The  removal  of  the  dam  at  Cumberland  Island  is  strongly  recom- 
mended by  the  officer  in  charge,  on  the  ground  that  it  is  a  serious  injury 
to  the  navigation  of  the  Ohio,  and  that  the  reasons  that  originally 
caused  its  construction  no  longer  exist. 

The  officer  in  charge  submits  the  following  estimate  for  the  fiscal  year 
1877-78 : 

YoTsnBg'hotitf  dredges,  and  oflSce $100,000  00 

For  riprap,  dams,  and  dikes 185,000  00 

For  completion  of  movable  dam  at  Davis  Island 365,000  00 

Total  amount  required 650,000  00 

A  translation  from  the  Annates  des  ponts  et  chaussSes^  containing  a 
full  account  of  the  modification  in  the  needle-dams  invented  by  M. 
Bonle,  accompanies  this  report  as  Appendix  K  3. 

Amount  available  July  1, 1875 $274, 611  40 

Amount  expended  during  fiscal  year  ending  June  30,  1876 157, 590  45 

Amount  available  July  1,  1876,  including  $8,688.16  due  on  contracts,  &o.-  -  117, 020  95 

Amount  appropriated  by  act  approved  August  14,  1876 175, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  650, 000  00 

(See  Appendix  E  1.) 

2.  Im]^ovement  of  the  Monongahela  River, — The  work  on  this  river 
consists  in  completing  lock  and  dam  No.  9  at  Hoard's  Kocks,  West  Vir- 
ginia, ninety-foar  miles  above  Pittsburgh,  and  eight  and  a  half  miles 
beloir  Morgan  town. 

The  lock  has  been  finished  except  the  miter  and  lift  walls,  which  were 
not  embraced  in  the  contract.  For  reasons  set  forth  at  length  in  the 
report  of  the  officer  in  charge,  an  additional  appropriation  of  $20,000 
will  be  required  to  complete  this  lock  and  dam. 
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EsHmate  far  the  fiscal  year  1877-78. 

For  completion  of  look  and  dam  at  Hoard's  Rooks $20,000  00 

For  lock  at  Laurel  Run,  (omitting  miter- walls,  gates,  and  valves) 60, 000  00 

Total  amount  required 80,000  00 

Amount  available  July  1, 1875 101/286  09 

Amount  expended  during  fiscal  year  ending  June  30,  1876 63, 471  48 

Amount  available  July  1,  1876,  iucluding  $2,601.16  due  on  contracts,  &,c...     37,  814  61 
Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     80, 000  00 

(See  Appendix  B  4.) 

3.  Improvement  of  the  Wabash  River. — The  ontstaDding  contracts  at 
the  beginning  of  the  fiscal  year  were  for  clearing  out  the  Little  Gut-ofif, 
for  closing  the  New  Harmony  Cut-off  by  a  dam,  and  for  excavating  a 
channel  at  Warwick's  Ripple. 

The  contract  at  Little  Chain  was  completed. 

At  New  Harmony  the  dam  was  only  partly  built  when  the  season 
closed.  Some  damage  was  done  to  it  during  the  winter,  but  this  has 
been  repaired,  and  the  dam  will  probably  be  finished  by  the  end  of  the 
year. 

At  Warwick's  Bipple  no  work  of  excavation  was  done  during  the  last 
season,  as  the  contractor  failed  to  get  his  cofferdam  dry.  He  is  again 
at  work,  but  thus  £ar  has  done  but  little.  The  prospect  of  finishing  the 
work  by  the  close  of  the  present  season  is  unfavorable. 

JEstitnate  for  fiscal  year  1877-78. 

For  rebnildini?  Grand  Rapids  lock $130,000  00 

For  engineering  and  contingencies 15,000  UO 

Total  amount  required 145,000  00 


Amount  available  July  1, 1875 49,917  03 

Amount  expended  doring  fiscal  year  ending  June  30, 1876 15, 802  15 

Amount  available  July  1, 1876,  including  ^^271.88  due  ou  contracts 34, 114  88 

Amount  appropriated  by  act  approved  August  14,  1876 70, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  145, 000  00 

(See  appendix  K  5.) 

EXA])nNATIONS  AND   SUBVEYS  FOB  IMPBOVEMENT. 

To  comply  with  provisions  of  the  act  of  March  3, 1875,  Major  Merrill 
was  charged  with  the  completion  of  the  surveys  begun  under  the  act  of 
June  23, 1874,  for  the  extension  of  the  Chesapeake  and  Ohio  Canal  from 
Cumberland^  Maryland,  to  the  headwaters  of  the  Youghiogheny  River,  The 
final  report  was  transmitted  to  Congress  at  its  last  session^  and  printed 
in  H.  R.  Ex.  Doc.  No.  137.    (See  Appendix  R  6.) 

Also  with  the  survey  of  Monongahela  River  from  Morgantown  to  Fair- 
port,  West  Virginia,  and  an  examination  of  the  Louisa  Fork  of  Sandy 
River  from  the  mouth  of  Dismal,  in  Buchanan  County,  Virginia,  to  Pike- 
ton,  Kentucky,  the  results  of  which  were  transmitted  to  Congress  in  re- 
ports printed  in  H.  R.  Ex.  Doc.  No.  91.    (See  Appendixes  R  7  and  R  8.) 

And  also  with  an  examiuation  of  Allegheny  River  below  Freeport,  Penn- 
sylvania., and  the- survey  of  Allegheny  River  near  Pittsburgh.  (See  Appen- 
dix R  9.) 

IMPBOVEMENT  OF  GBEAT  KANAWHA  BIVEB,  WEST  VIBGINIA,  AND  OF 

NEW  BIVEB,  VIRGINIA  AND  WEST  VIRGINIA. 

Officer  in  charge,  Maj.  W.  P.  Craighill,  Corps  of  Engineers,  with 
Lieut.  Thomas  Turtle,  Corps  of  Engineers,  under  his  immediate  orders. 
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1.  Improvement  of  Great  Kanawha  River,  West  Virginia, — Three  hun- 
dred thoasand  dollars  was  appropriated  March  3, 1875.  As  soou  as  was 
possible,  the  possession  of  sites  for  beginning  operations  was  obtained. 
The  necessary  legal  process  caased  some  delay.  Contracts  were  made 
as  follows :  August  20, 1875,  for  building  a  large  lock  near  Brownstown  ; 
October  15, 1875,  for  building  a  similar  lock  near  the  foot  of  Cabin 
Creek  Shoal ;  March  28, 1876,  for  building  a  dam,  abutment,  pier,  and 
the  floor  of  a  navigation-pass  adjoining  the  lock  at  Brownstown.  The 
contract-prices  were  lower  than  the  estimates  of  the  engineer.  Finan- 
cial difficulties  and  other  troubles  have  caused  delay,  but  it  is  expected 
that  the  works  contracted  for  will  be  so  far  advanced  in  the  working- 
season  of  1876  as  to  be  essentially  completed  in  1877.  The  next  opera- 
tions to  be  undertaken  should  be  the  building  of  the  dam,  &c.,  adjoin- 
ing the  lock  near  Cabin  Creek  Shoal,  and  the  occupation  of  one  or 
more  other  of  the  locations  of  the  series.  The  late  date  at  which  the 
new  appropriation  was  made  will  cause  delay  in  bringing  on  the  work, 
which,  in  the  earlier  stages  at  every  location,  can  only  be  done  at  the 
lowest  stage  of  the  water,  a  period  of  brief  duration  in  each  year  on 
this  river. 

A  small  sum  was  expended  in  the  last  fiscal  year  in  ameliorating  the 
condition  of  some  of  the  worst  shoals  which  obstruct  navigation  at 
points  not  affected  by  the  permanent  works  now  in  hand.  The  same 
plan  will  be  pursued  in  the  current  fiscal  year. 

The  appropriations  have  been,  March  3, 1873,  $25,000;  June  23, 1874, 
f  25,000;  total  for  temporary  Improvement,  $50,000. 

The  first  appropriation  for  the  permanent  improvement  was  $300,000, 
March  3,  1875 ;  another  made  August  14, 1876,  of  $270,000.  The  total 
of  the  estimate  for  the  permanent  improvement  is  $4,152,000. 

Amoant  available  July  1,  1875  ..-. $302,753  62 

Amonnt  expended  during  fiscal  year  ending;  Jnne  30,  1876 31, 293  13 

Amoont  available  July  1,  1876,  including  $665.48  due  on  contracts 27  L,  460  49 

Amount  appropriated  by  act  approved  August  14,  1876 270, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 3, 852, 000  00 

Amonnt  that  can  be  prolitably  expended  in  fiscal  year  ending  June  30, 1878 .  1, 000, 000  00 

(See  Appendix  SI.) 

2.  Improvement  of  New  River  from  the  lead-mines  in  Wythe  County^ 
Tif^inia,  to  the  mouth  of  the  Greenbrier  River,  in  West  Firpinia.— Special 
reports  as  to  this  portion  of  the  river  were  made  December  20, 1872, 
and  January  9, 1873,  which  were  printed  in  the  annaal  report  of  the 
Chief  of  Engineers  for  1873.  Those  reports,  with  their  maps  and  sub- 
reports,  contain  the  latest  official  information  on  the  subject. 

Two  plans  were  recommended  for  consideration — a  2-feet  keel -boat 
navigation,  costing  $100,000,  and  a  3-feet  steamboat  navigation,  costing 
$1,000,000.  It  was  also  stated,  as  an  approximation,  that  a  5^-feet 
steam-navigation  would  cost  about  $2,500,000.  No  decision  has  yet  been 
arrived  at  as  to  the  best  method  of  expending  the  small  appropriation 
of  $15,000  made  by  act  of  August  14,  1876. 

Amount  appropriated  by  act  approved  August  14, 1876 $  15, 000 

Amonnt  (estimated)  required  for  completion  of  existing  project,  (see  report 
above;  depends  on  plan  adopted) 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1878.  50, 000 

EXAMINATIONS  AND  SURVEYS  FOB  IMPEOVEMENT. 

Major  Craighill  submitted  December  7,  1875,  a  report  of  tbe  survey  of 
Blk  River  J  in  West  Virginia,  between  its  mouth  at  Charleston  and  Braxton 
Court-House.    (See  Appendix  S  2  to  this  report,  as  also  Ex.  Doc.  No.  69, 
H.  B.  44th  GoDg.,  Ist  sess.) 
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TRANSPORTATION-ROUTES   TO    THE    SEABOARD. 

The  act  of  Jane  23, 1874,  provided  for  surveys  and  estimates  to  be 
made,  for  the  improvement  recommended  by  the  Senate  Select  Com- 
mittee on  Transportation- Routes  to  the  Seaboard,  upon  certain  routes 
indicated  by  the  committee. 

Upon  the  receipt  of  each  report,  whether  upon  an  entire  route  or  any 
portion  of  it,  it  was  submitted  by  the  Secretary  of  War  to  Congress 
and  printed,  the  whole  forming  a  series  of  executive  documents,  which 
were  also  inserted  in  the  appendix  of  my  last  annual  report. 

Upon  the  third  subdivision  of  the  Mississippi  route,  surveys  were  con- 
tinued during  the  last  fiscal  year,  under  the  direction  of  Col.  J.  N.  Ma- 
comb, Corps  of  Engineers,  from  La  Crosse,  Wis.,  to  Des  Moines  Eapids, 
at  which  point  the  work  was  discontinued,  the  available  funds  having 
been  exhausted. 

The  report  of  the  results  of  this  survey  will  be  found  in  Appendix  T  1. 

Upon  the  third  subdivision  of  the  central  route,  designated  as  "  a  con- 
nection by  canal  or  a  freight-railway  from  the  Ohio  or  Kanawha  River, 
near  Charleston,  by  the  shortest  and  most  practicable  route  through 
West  Virginia  to  tide-water  in  Virginia,"  the  surveys  for  which  were 
assigned  to  Maj.  William  B.  Craighill,  Corps  of  Engineers,  the  study  of 
the  subject  has  been  continued  by  him,  and  a  further  report  will  be 
submitted  at  an  early  day. 

Jn  connection  with  the  first  subdivision  of  the  nortliern  route,  a  report 
to  this  office  from  Maj.  G.  K.  Warren,  Corps  of  Engineers,  upon  the 
improvement  of  the  route  of  water-transportation  between  the  Missis- 
sippi and  Lake  Michigan  along  the  valleys  of  the  Fox  and  Wisconsin 
Elvers,  was  transmitted  to  Congress  at  its  last  session,  and  printed  avS 
Senate  Ex.  Doc.  No.  28. 

The  conclusions  reached  by  Major  Warren  are  adverse  to  the  perma- 
nent improvement  of  the  Wisconsin  Kiver  by  a  system  of  canalization  or 
rectification  of  its  high  and  low  water  channels,  and  that  a  canal  along 
its  banks  is  the  only  method  of  permanent  improvement. 

The  improvement  of  this  route  is  now  in  progress,  in  charge  of  Maj. 
D.  C.  Houston,  Corps  of  Engineers.  The  present  method  of  improve- 
ment of  the  Wiscousin  is  on  trial  on  its  own  merits,  and  it  is  too  soon 
to  announce  the  final  result ;  but  the  publication  of  this  report,  with  the 
data  it  contains,  will  enable  others  to  form  an  opinion  of  the  nature  of 
the  undertaking,  and  aid  in  a  more  speedy  solution. 

(See  Appendix  T  2.) 

BRIDGING  THE  NAVIGABLE  WATERS  OF  THE  UNITED  STATES. 

To  comply  with  acts  of  Congress  relative  thereto,  the  attention  of  thia 
office  has  been  called  by  the  Secretary  of  War  to  questions  arising  in 
the  proposed  construction  of  bridges  across  navigable  streams.  (See 
Appendix  U  1.) 

The  reports  of  boards  of  engineer  officers  convened  to  consider  some 
of  the  proposed  plans  of  bridges,  will  be  found  as  below  : 

1.  Bridge  across  Ohio  River  at  Cincinnati,  proposed  by  the  Cincinnati 
Southern  Railway  Company.    (See  Appendix  U  2.) 

2.  Bridge  across  2[ississippi  River  at  Dubuque,  proposed  by  the  Dubuque 
and  Dunleith  Pile  and  Ponton  Bridge  Company.     (See  Appendix  U  3.) 

3.  Bridge  aci*oss  the  Saint  Croix  River  at  IStillicater,  Minnesota.  (See 
Appendix  U  4.) 

And  also  an  examination  of  the  harbor  of  Saint  Joseph,  Mich.,  and  of 
the  construction  of  the  railroad-bridge  across  that  harbor,  with  the 
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view  of  ascertaining  whether  the  bridge  materially  affects  the  commerce 
of  the  harbor,  and,  if  so,  in  what  manner  its  eonstraction  can  be  mod- 
ified.   (See  Appendix  U  5.) 

LAKE   HARBORS    AND    RIVERS. 

HABBOB-IHPROYEMENTS  AT  SUPERIOR  OITT,  SUPERIOR  BAY,  AND 

DU  LUTH,  LAKE  SUPERIOR. 

Officer  in  charge,  Maj.  F.  U.  Farqnhar,  Corps  of  Engineers. 

1.  Du  lAith  Harbor^  Minnesota. — The  contract  for  dredging  in  the 
anchorage  sonth  of  the  channel  leading  from  the  canal  to  the  railroad- 
docks  has  been  continued  during  the  fiscal  year,  the  whole  amount  of 
dredging  to  the  end  of  the  year  being  169,544  cubic  yards. 

The  piers  of  the  canal  continue  in  the  same  precarious  state,  from  be- 
ing undermined  by  the  current.  For  protection,  some  200  cords  of  stone 
have  been  placed  on  the  channel  side  of  the  north  pier  by  the  Lake 
Superior  and  Mississippi  Railroad  Company. 

The  appropriation  for  the  present  fiscal  year  will  be  expended  in  re- 
pairs to  the  north  pier  of  the  canal  and  in  dredging. 

Amount  available  July  1,  1875 $34,449  83 

Amount  exjieuded  during  fiscal  year  ending  June  30, 1876 29, 874  44 

Amount  available  July  1,  1876,  including  $258.33  due  on  labor 4, 575  39 

Amount  appropriated  by  act  approved  August  14,  1876 15, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 171, 847  11 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 — 
dredging  and  repairs 60,000  00 

(See  Appendix  V  1.) 

2.  Natural  entrance  to  Bay  of  Superior ,  Minnesota  and  Wisconsin, —-The 
work  here  consisted  in  protecting  the  beach  between  the  light-house  and 
the  pier  Itom  the  action  of  the  sea  breaking  over  it.  The  work  was  done 
by  contract.  It  may  be  that  this  brush  protection  will  have  to  be  fur- 
ther extended  toward  the  light-house. 

There  is  a  good  channel  of  12  feet  in  depth  between  the  piers. 
Future  available  funds  will  be  used  in  repairs  to  piers  and  any  work 
necessary  to  prevent  a  breach  on  Minnesota  Point. 

Amountavailable  July  1,1875 85,433  00 

Amount  expended  during  fiscal  year  ending  Juno  30,  1876 5, 343  54 

Amountavailable  July  1,  1876 89  46 

Amount  appropriated  by  act  approved  August  14,  1876 3, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project — repairs 7, 000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  Juno  30, 1878.    7, 000  00 

(See  Appendix  V  2.) 

McCargo^s  Cove^  Isle  Boyale^  Lake  Superior.-^ln  consequence  of  a 
petition  to  the  Secretary  of  War  from  persons  interested  in  the  trade  of 
IsleBoyale,  Major  Comstock,  Corps  of  Engineers,  in  charge  of  the  sur- 
vey of  the  northern  and  northwestern  lakes,  was  instructed  to  estimate 
the  cost  of  removal  of  certain  obstructions  to  navigation  at  the  entrance 
to  MeCargoe's  Cove.    (For  his  report,  see  Ax)pendix  V  3.) 

HABBOBS  ON  LAKE  SUPBKIOB,  (EXCEPT  DU  LUTH  AND  SUPERIOR 
CITY,)  ON  GREEN  BAY,  AND  ON  THE  WESTERN  SHORE  OP  LA£E 
KIOHIOAN,  NORTH  OF  MILWAUKEE,  WISCONSIN. 

Officer  in  charge,  Maj.  Henry  M.  Robert,  Corps  of  Engineers. 

1.  Ontonagon  Harbor^  Michigan. — ^The  pile  revetment,  498  feet  long,  on 
the  shore  end  of  the  west  pier  was  completed,  7  cribs  on  the  west  pier 
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had  saperstracture  built  on  them,  5  courses  were  put  on  the  last  crib  of 
the  east  pier,  and  6  courses  of  superstructure  were  put  on  the  same ;, 
the  east  pier  was  refilled  and  planked,  and  10  new  cribs  were  placed  in 
extension  of  the  west  pier. 

This  is  an  important  work,  as  Ontonagon  is  the  only  harbor  on  a  long 
stretch  of  coast  There  remains  yet  to  be  appropriated  of  the  original 
estimate  for  completing  the  work  $208,170,  and  $30,000  is  asked  for  by 
the  officer  in  charge. 

Amount  avaUable  July  1, 1875 $35,369  35 

Amount  expeuded  during  fiscal  year  ending  June  30,  1876 30,575  61 

Amount  available  July  1,  1876,  inclndiug  $1,908.26  due  on  contracts 4,793  74 

Amount  appropriated  by  aot  approved  August  14,  1876 15, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 208, 170  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  30, 000  00 

(See  Appendix  W  1.) 

2.  JBcigle  Harbor^  Michigan, — The  work  of  blasting  the  rock  obstract- 
ing  the  entrance  to  this  harbor  was  actively  begun,  and  is  still  in  pro- 
gress, some  $33,000  having  aocamulated  from  small  appropriations.  If 
funds  should  be  available,  the  work  will  be  continued  as  at  present, 
leaving  the  dredging  of  the  blasted  rock  until  it  can  be  removed  in 
large  qnantities. 

Amount  available  July  1,1875 $28,913  52 

Amount  expended  during  fiscal  year  ending  June  30,  1876 18, 979  53 

Amount  available  July  1,  1876 ; 9,933  99 

Amount  appropriated  by  act  approved  August  14,  1876 12, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 198, 362  35 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     50, 000  00 

(See  Appendix  W  2.) 

3.  Marquette  Harbor^  Michigan. — ^The  breakwater  forming  this  harbor 
has  been  completed.  Including  repairs,  at  a  cost  less  than  the  original 
estimate  by  $78,873.83,  and  is  10  feet  longer  than  was  contemplated. 
During  the  year  superstructure  was  built  over  crib  Ko.  40 ;  five  inter- 
vals were  refilled  with  stone ;  repairs  made  to  the  planking  broken  up 
by  a  severe  storm,  and  2,059^  cords  of  stone  were  placed  as  riprap  along 
the  seaward  face  of  the  breakwater. 

The  recommendation  made  last  year  for  an  appropriation  of  $68,000 
to  build  an  extension  of  400  feet  is  renewed.  The  large  commercial 
interests  of  Marquette  Harbor  would  seem  to  justify  this  extension  of 
her  harbor-room. 

Amount  available  July  1, 1875 $17,536  41 

Amount  expended  during  fiscal  year  ending  June  30, 1876 16, 452  96 

Amount  available  July  1, 1876 1,083  45 

Amount  appropriated  by  act  approved  August  14, 1876 2, 000  00 

Amount  (estimated)  required  for  completion  of  project  recommended 68, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     35, 000  00 

(See  Appendix  W  3.) 

4.  Menomanee  Harbor ^  Michigan  and  Wisconsin, — ^The  contract  entered 
into  last  year  at  low  prices  for  dredging  this  harbor  was  extended  to 
September  30, 1876.  Ninety-three  thousand  four  hundred  and  seventy- 
seven  and  two-tenths  cubic  yards  were  dredged  at  the  expense  of  the 
Government  during  the  past  year,  besides  47,000  cubic  yards  done  by 
private  enterprise.  Two  thousand  linear  feet  of  dock-line  was  built  also 
by  private  enterprise.  The  dredging  will  be  continued  this  season,  and, 
if  appropriation  is  made,  the  piers  will  be  extended  and  plank  walks 
laid  on  them.    A  great  freshet  in  the  river  last  May  produced  a  partial 
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nndeTiniaing  of  some  300  linear  feet  of  the  south  pier,  which  is  now 
being  repaired. 

Amount  available  Joly  1,  1875 $27,918  12 

Amount  expended  daring  fiscal  year  ending  Jane  30, 1876 15, 672  65 

Amount  available  July  1,  1876,  including  $1,355.39  due  on  contracts 12,245  47 

Amount  appropriated  by  act  approved  August  14,  1876 8, 000  00 

Amount  (estimated)  required  for  oorapletion  of  existing  project 87, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 . .    25, 000  00 

(See  Appendix  W  4.) 

5.  Oreen  Bay  Harbor^  Wisconsin. — Dredging  in  the  channel  between 
Grassy  Island  and  the  mouth  of  the  Fox  Kiver  was  continued  daring 
the  season  of  1875,  34,459  cabic  yards  of  material  having  been  removed 
daring  the  fiscal  year.  The  piers  which  preserve  the  cat  at  Grassy 
Island  were  seriously  damaged  last  winter  by  ice.  It  is  proposed  to  re- 
pair them  and  protect  the  east  pier  by  continuing  around  it  the  guard- 
piling  commenced  in  1874,  as  soon  as  money  becomes  available,  when 
dredging  will  also  be  continued. 

This  harbor  should  be  pushed  to  an  early  completion,  as,  independ- 
ently of  the  trade  of  the  cities  of  Green  Bay  and  Fort  Howard,  at  its 
bead,  it  forms  the  lake  outlet  of  the  Fox  and  Wisconsin  Eiver  improve- 
ment. 

A  straight  channel  of  14  feet  water  through  the  flats  is  the  object 
aimed  at,  and  to  preserve  it  when  completed  will  require  a  small  annual 
appropriation. 

Amonnt  available  July  1, 1875 $10,014  10 

Amount  expended  during  fiscal  yea^  ending  June  30,  1876 9, 594  94 

Amount  available  July  1, 1876 419  16 

Amount  appropriated  by  act  approved  August  14,  1876 8, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 35, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     12, 000  00 

(See  Appendix  W  5.) 

6.  Harbor  of  Refuge  at  Sturgeon  Bay  Canal^  Wisconsin, — ^There  has 
been  no  appropriation  for  this  work  since  1874.  The  company  having 
this  ship-canal  in  charge  has  suspended  work.  If  the  canal  is  completed, 
the  harbor  will  become  an  important  point.  The  pile  piers  require  re- 
pairs, and  funds  should  be  on  hand  to  keep  them  in  order  in  case  of  an 
emergency.    Five  thousand  dollars  are  asked  for  this  purpose. 

Amount  available  July  1, 1875 $420  51 

Amount  expended  during  fiscal  year  ending  June  30, 1876 19  30 

Amount  available  July  1,  1876 401  21 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878— 

for  repairs 5,000  00 

(See  Appendix  W  6.) 

7.  Ahnapee  Harbor^  WiscoiMin. — ^Six  cribs  were  placed  in  extension  of 
the  north  pier,  and  one  crib  in  the  south  pier.  Eight  sections  of  the 
south  pier  were  refilled,  and  17,31 5.2  cubic  yards  of  sand  and  158.96  cords 
of  rock  were  excavated  by  the  United  States  dredge  from  the  channel. 

A  board  of  engineer  officers  was  convened  to  report  on  a  plan  sub- 
mitted by  the  officer  in  charge  for  the  future  improvement  of  this  harbor, 
by  excavating  a  channel  through  the  rock  forming  the  bed  of  the  river^ 
tliQs  forming  an  inside  instead  of  an  outside  harbor,  as  originally  con- 
templated. The  board,  having  had  a  thorough  examination  made  by 
drilling,  blasting,  and  dredgiag  the  rock,  reported  in  favor  of  the  plau^ 
aod,  it  being  approved  by  the  Secretary  of  War,  operations  were  com- 
menced in  March  and  continued  vigorously  until  May  12,  when  the 
fands  became  exhausted. 
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The  estimated  cost  of  fiDishing  the  harbor  under  this  project  is  $95,000, 
against  $295,000  remaining  unappropriated  of  the  original  estimate. 
The  operations  contemplated  this  season,  if  fauds  should  be  available, 
comprise  superstructures  over  the  cribs  sunk  last  year,  some  repairs  to 
the  pile  piers,  and  the  continuation  of  the  rock-ezcavation  in  the  channel, 
which  last  will  be  done  during  the  winter  season. 

Amonnt  available  July  1,  1875 |25,963  31 

A  moim t  expended  daring  fiscal  year  ending  June  30,  1 876 25, 678  40 

Amouiit  avaUaWe  July  1, 1876 284  91 

Amonnt  appropriated  by  act  approved  Augnst  14, 1876 8, 000  00 

Amonnt  (estimated)  required  for  completion  of  existing  project 1H>,  000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878.    25, 000  00 

(See  Appendix  W  7.) 

8.  Two  Rivers  Harbor^  Wisconsin, — Six  cribs  were  placed  in  extension 
of  both  piers,  and  close  piling  placed  at  the  angles  in  the  piers  ;  dredg- 
ing was  done  iu  the  channel,  and  for  beds  of  cribs  the  shore  was  pro- 
tected at  the  ends  of  the  pile  piers ;  and  one  section  of  the  south  pile 
pier  refilled.  The  next  appropriation  will  be  used  in  completing  the 
superstrnctare  over  the  cribs  sunk  last  year,  and  placing  four  new  cribs 
in  extension  of  the  piers.  Some  plank  walk  will  also  be  built  on  the 
piers,  and  the  pile  piers  will  be  repaired  as  far  as  funds  will  permit,  by 
replacing  the  slab  filling  with  brash,  so  as  to  make  the  pier  more  im- 
pervious to  sand. 

Amonnt  available  Jnly  1, 1875 |15,627  32 

Amonnt  expended  during  fiscal  year  ending  Jane  30, 1876 14, 614  67 

Amonnt  available  July  1,1876 1,012  65 

Amonnt  appropriated  by  act  approved  Augnst  14,  1876 5, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 160, 588  80 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  25, 000  00 

(See  Appendix  W  8.) 

9.  Manitoicoc  Harbor,  Wisconsin. — Two  cribs  were  placed,  one  in  ex- 
tension of  each  pier,  and  superstructure  built  over  four  cribs  sunk  the 
preceding  year.  Some  dredging  for  a  bed  for  one  crib,  and  slight  re- 
pairs to  both  piers,  were  also  made.  This  year,  as  far  as  available  funds 
will  permit,  the  cribs  just  placed  will  be  finished,  two  new  cribs  will  be 
built^  and  some  repairs,  planking,  and  filling  done  on  the  old  crib-work. 

Amount  available  July  1,  1875 $11,556  27 

Amount  expended  during  fiscal  year  ending  Jnne  30, 1876 10, 412  79 

Amount  available  July  1, 1876 1, 143  48 

Amonnt  appropriated  by  act  approved  Augnst  14, 1876 8, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 44, 682  54 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878.  20, 000  00 

(See  Appendix  W  9.) 

10.  Sheboygan  Harbor^  Wisconsin. — The  superstructure  at  this  harbor  is 
in  bad  condition,  (someof  it  having  been  built  in  I860,)  and  it  will  be  re- 
moved and  new  timbers  put  on,  as  far  as  the  funds  will  permit,  the  work 
of  repair  having  been  commenced  last  season,  and  is  still  in  progress. 

The  cost  has  just  equaled  the  original  estimate.  The  decay  of  the 
superstracture,  (the  part  above  water,)  and  the  necessity  for  dredging, 
will  require  an  annual  appropriation  for  some  time ;  $6,000  is  asked  for 
the  next  fiscal  year. 

Amount  available  July  1, 1875 812,502  08 

Amount  expended  during  fiscal  year  ending  Jnne  30,  1876 10, 101  84 

Amount  available  July  1, 1876 2,400  24 

Amount  appropriated  by  act  approved  Angnst  14, 1876 6, 000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June,  30, 
1878,  to  continue  repair-work 6,000  00 

(See  Appendix  W  10.) 
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11.  Port  Wofshington  Harbor^  Wisconsin. — The  channel  was  dredged 
to  10  feet  water,  and  the  west  basin  enlarged  by  dredging  to  12  feet 
water ;  24,287.22  cabic  yards  having  been  removed  during  the  year. 
Bepairs  were  also  made  on  the  revetment  and  the  embankment  on  the 
80Qth  side  of  the  basin. 

The  officer  in  charge  recommends  the  excavation  of  the  ground  de- 
signed for  a  basin  on  the  north  side  of  the  channel,  before  any  further 
eit^DBion  of  the  piers  is  made,  thereby  adding  100  per  cent,  to  the  size 
of  the  harbor  and  to  its  security,  at  an  additional  expense  of  less  than 
18  per  cent.  His  estimate  for  the  work  of  excavation  is  $27,000,  which 
it  is  proposed  to  take  from  the  $74,527.17  remaining  unappropriated  of 
tbe  original  estimate. 

Amoont  available  July  1, 1875 $10,992  00 

Amount  exx>eiidod  during  fiscal  year  ending  June  30,  ld76 9, 670  75 

Amount  available  July  1,  1876 1,321  25 

Amount  appropriated  by  act  approved  August  14, 1876 8, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 74, 527  17 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  25, 000  00 

(See  Appendix  W  11.) 

HABBOBS  OP  MILWAUKEE,  EACINE,  AND  KENOSHA,  LAKE  MICHIGAN — 
IMPBOVEMENT  OF  FOX  AND  WISCONSIN  BIVEBS. 

Officer  in  charge,  Maj.  D.  0.  Houston,  Corps  of  Engineers,  with 
Capt.  G.  J.  Lydecker  and  Lieut.  F.  A.  Hinman,  Corps  of  Engineers, 
under  his  immediate  orders. 

1.  MilwavJcee  Harbor^  Wisconsin, — The  sum  of  $25,000  appropriated 
March  3,  1875,  has  been  applied  to  replacing  400  feet  of  the  old  super- 
structure of  the  north  pier  by  one  of  dry  stone-masonry,  and  in  con- 
structing 2  substantial  pier -heads.  The  funds  available  will  besufticient 
to  build  150  feet  more  of  superstructure.  The  total  estimate  for  replac- 
ing 2,240  feet  of  old  superstructure  is  $120,000.  Deducting  tbe  appro- 
priations of  1875  and  1876,  amounting  to  $51,000,  there  remains  $69,000 
which  could  be  advantageously  expended  during  the  next  fiscal  year. 

AmooDt  available  July  1,  1875 $24,459  16 

Amount  expended  dnriog  fiscal  year  ending  June  30,  1876 16, 883  29 

Ainonnt  available  July  1.  11:^76,  including  $1,287  due  on  contracts 7, 575  ^7 

Amoont  appropriated  by  act  approved  August  14,  1876 26, 000  00 

Amomit  (estimated)  required  for  completiou  of  existing  project 69, 000  00 

Amoont  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  69, 000  00 

(See  Appendix  X  1.) 

2.  Racine  Harbor,  Wisconsin, — The  appropriation  of  $10,000  made 
March  3, 1875,  has  been  expended  in  dredging  between  the  piers  and  in 
completing  superstructure  over  crib  phw;ed  in  1875. 

The  ap[)ropriation  of  $8,000  made  by  act  of  Congress,  dated  August 
14, 1876,  will  be  applied  to  rebuilding  a  portion  of  the  old  superstruc- 
ture of  the  north  pier.  An  additional  amount  ofj  $7,000  is  required  to 
complete  this  work  and  building  a  pier-liead  at  the  extremity  of  the  south 
pier. 

Amoont  available  July  1,  1875 §10, 136  32 

Amoont  expended  during  fiscal  year  ending  June  30,  1B76 U,  891  75 

Amonnt  available  July  1,  1»76 244  57 

Amoont  appropriated  by  act  approved  August  14 ,  1876 8, 000  00 

Amoant  (estimated)  required  for  completion  of  existing  project 7,000  00 

Amoont  that  cau  be  profitably  expended  in  fiscal  year  euding  June  30, 1878.  7, 000  00 

(See  Appendix  X  2.) 

3.  Kenosha  Harbor,  Wisconsin, — The  approiiriation  of  $15,000  made 
March  3, 1876,  has  been  expended  in  extending  tl:e  north  pier  by  1  crib 

7e 
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50  feet  by  30  feet  and  iu  dredging  the  channel  between  the  piers.  The 
appropriation  of  $8,000  by  the  act  of  Congress  approved  August  14, 
1876,  will  be  applied  to  building  superstructure  over  the  two  cribs 
placed  in  1874  and  1875 ;  in  dredging  between  the  piers,  and  making 
necessary  repairs. 

There  is  required,  in  addition,  the  sum  of  $7,000  to  complete  this 
work. 

Amount  available  July  1,1875 $15,080  88 

AmouDt  expended  dariDg  fiscal  year  ending  Jane  30,1876 14,719  05 

Amount  available  July  1, 1876 361  83 

Amou  n t  appropriated  by  act  approved  August  14, 1876 8, 000  00 

Amount  (estimated )  required  for  completion  of  existing  project 7, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.      7, 000  00 

(See  Appendix  X  3.) 

4.  Improvement  of  Fox  and  Wisconsin  Rivers. — The  improvement  of 
these  rivers  is  being  carried  on  in  accordance  with  the  plan  heretofore 
reported,  and  the  results  are  given  in  detail  iu  the  accompanying  reports. 

The  enlargement  of  the  Portage  Canal  has  been  completed  and  navi- 
gation  opened,  connecting  the  two  rivers.  Two  new  masonry-locks  have 
been  completed  on  the  Fox,  and  six  more  will  be  completed  this  season. 
Five  new  dams  will  also  be  completed  this  season  on  the  Lower  Fox, 
and  navigation  be  reopened  over  the  entire  route.  A  large  amount  of 
dredging  has  been  done  on  the  Upper  Fox,  in  deepening  the  channel  and 
making  cutofits. 

The  improvement  of  the  Wisconsin  by  means  of  wing-dams  has  been 
continued  with  satisfactory  results. 

Amount  available  July  1, 1875 $579,107  43 

Amount  received  from  tolls  on  Fox  River  for  fiscal  year  ending 

June  30,1875 $364  96 

Amount  received  from  tolls  on  Fox  River  for  fiscal  year  ending 

June  30,1876 3»>  23 

750  19 

Amount  expended  during  fiscal  year  ending  June  30, 1876 420,415  45 

Amount  available  July  l,ld76 159,442  17 

Amount  appropriated  by  act  approved  August  14, 1876 270, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 2,975,663  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .     750, 000  00 

(See  Appendix  X  4.) 

HARBORS  OF  CHICAGO,  CALUMET,  MICHIGAN  CITY,  AND  NEW  BUFFALO, 

LilKE  MICHIGAN. 

OflBcer  in  charge,  Maj.  G.  L.  Gillespie,  Corps  of  Engineers. 

1.  Chicago  Harbor,  Illinois. — Twelve  hundred  and  fifty  running  feet 
of  superstructure  were  built  by  hired  labor  over  the  cribs  sunk  at  the 
south  end  of  the  breakwater,  completing  this  improvement  to  the  extent 
of  the  approved  plan.  One  thousand  feet  of  protection  were  added  to 
the  north  end  of  breakwater.  Two  cribs  were  sunk  in  extension  of  the 
north  pier,  and  repairs  made  to  north  and  south  piers. 

A  survey  of  the  harbor  has  also  been  made.  Under  contract,  10  cribs 
were  sunk  in  extension  of  the  north  pier,  making  the  new  extension  600 
feet,  and,  with  the  exception  of  about  two  full  courses,  for  a  running 
length  of  600  feet,  the  superstructure  is  completed. 

Under  contract,  also,  the  wreck  of  the  schooner  Nicaragua,  lying  in 
the  outer  basin,  was  removed  and  towed  into  deep  water. 

The  appropriation  of  $5,000  for  the  fiscal  year  ending  June  30,  1877, 
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may  be  applied  toward  deepening  the  channel  coDnectiog  the  oater  har- 
bor with  the  Chicago  Elver. 

An  estimate  of  $100,000  is  submitted  by  the  officer  in  charge  for 
extending  the  breakwater  1,000  feet  southerly ;  of  $40,000  for  excavating 
a  channel  to  connect  the  outer  harbor  with  the  Chicago  Eiver,  and  of 
$10,000  for  the  repairs  and  preservation  of  existing  improvements. 

Amoont  available  July  1, 1875 $110, 056  64 

Aiuonnt  expended  doring  fiscal  year  ending  Jane  30, 1876 93, 531  72 

Amonnt  available  July  1, 1876,  including  $2,912. 78  dne  on  contracts 15, 524  92 

AniOQDt  appropriated  by  act  approved  Angust  14, 1876 5, 000  00 

AmoQQt  (estimated  )  required  for  completion  of  existing  project 150, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .    150, 000  00 

(See  Appendix  Y  1.) 

2.  Improvement  of  the  harbor  at  Calumet^  Illinois. — The  south  pier 
was  extended  200  feet  by  contract,  and  by  hired  labor  the  superstruct- 
ure was  built  over  three  cribs  sunk  last  year  in  extension  of  the  north 
pier  and  two  cribs  in  extension  of  the  south  pier.  A  few  repairs  were  also 
made  to  both  piers. 

Under  contract,  33,406  cubic  yards  were  dredged  from  the  channel 
between  the  piers.  The  appropriation  for  the  tiscal  year  ending  Juno 
30, 1877,  may  be  applied  toward  extending  the  south  pier  250  feet,  more 
or  less,  and  to.%'ard  dredging  20,000  cubic  yards  of  material  from  the 
channel. 

Amount  available  July  1, 1875 $25,884  34 

Amount  expended  during  fiscal  year  ending  June  30, 187G '..     24,077  01 

Amount  available  July  1,1876 1,807  33 

Amonnt  appropriated  by  act  approved  August  14, 1876 20, 000  00 

Amonut  (estimated)  required  for  completion  of  existiug  project 49,  ^<75  52 

Amount  that  can  be  profitably  expended  iu  tiscal  year  eudiug  Juno  30, 187d.       5, 000  00 

(See  Appendix  Y  2.) 

3.  Improvement  of  tfie  harbor  at  Michigan  City,  Indiana, — Six  hundred 
ranuiiig  feet  of  crib  foundation  have  been  sunk  along  the  site  of  the 
breakwater.  The  east  pier,  to  inclose  the  outer  basin,  has  been  com- 
pleted to  the  shore;  in  all,  a  distance  of  296  feet. 

A  few  repairs  have  been  made  to  the  outer  part,  also  to  the  east  and 
west  piers  of  the  entrance  to  Trail  Creek.  The  appropriation  estimated 
as  necessary  to  complete  the  breakwater,  to  dredge  in  the  channel,  and 
to  make  necessary  repairs  to  existing  works  is  $63,000. 

Amountavailable  July  1,1875 S85,313  60 

AiDOUDt  expended  during  fiscal  year  ending  June  30, 1876 84, 132  55 

Amount  available  July  1, 1876 1,191  05 

Amount  appropriated  by  act  approved  August  14, 1876 :^,  000  00 

Amount  (estimated)  required  for  completion  of  existing  project 63, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  eudiug  June  30, 1878.     63, 000  00 

(See  Appendix  Y  3.) 

4.  Xetc  Buffalo  Harbor^  Michigan. — ^No  work  was  done  at  this  harbor 
daring  the  year,  and  no  estimate  is  submitted  for  future  improvement. 

Amoant  available  July  1, 1875 $2,279  00 

Amonnt  expended  during  fiscal  year  ending  June  20, 1876 1,737  15 

Amonnt  available  J uJy  1, 1876 541  85 

(See  Appendix   Y*  4) 

EXAMINATIONS  AND  SURVEYS  FOE  EMLPBOVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  IMarch  3, 
1375,  Major  Gillespie  was  charged  with  the  examination  of  a  route  for  a 
eaDal  from  Lake  Michigan  to  the  Wabash  Eiver,  Indiana,  the  results  of 
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which  were  transmitted  to  Conp^ress  at  its  last  session,  in  a  report 
which  was  printed  as  H.  K.  Ex.  Doc.  No.  86. 
(See  Appendix  Y  5.) 

HA.RBORS  ON  THE  EASTERN    SHORE   OF  LAKE  MICHIGAN. 

Officer  in  charge,  Maj.  S.  M.  Mansfield,  Corps  of  Engineers. 

1.  FranJcfort  Harbor,  3Iichigan. — The  north  pier  has  been  extended 
100  feet  during  the  year,  and  the  superstructure  over  the  crib  sunk  the 
previous  year  in  extension  of  the  south  pier,  together  with  necessary 
refilling,  completed. 

The  United  States  dredge  removed  18,195  cubic  yards  of  sand  from 
the  channel,  leaving  a  water-way  of  11  feet  between  the  piers. 

The  balance  of  the  appropriation  of  1875,  together  with  the  appropri- 
ation of  $3,000  under  act  approved  August  14,  1876,  will  be  applied  to 
pier-extension. 

To  carry  out  the  recommendations  made  in  yearly  reports  since  1872, 
$22,000  is  required.  This  amount  is  asked  for  the  year  ending  June  30, 
1878. 

Frankfort  is  an  important  point  in  the  line  of  deep-draught  vessels 
plying  the  lakes,  and  it  is  eminently  desirable  that  it  be  made  and  pre- 
served  as  a  harbor  of  refuge. 

Amount  available  July  1,1 875 $17,587  93 

Amount  expended  during  fiscal  year  ending  June  30, 1876 13, 185  51 

Amount  available  July  1,1876 4,402  42 

Araouot  appropriated  by  act  approved  August  14, 1876 3, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 22, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     22, 000  00 

(See  Appendix  Z  1.) 

2.  Manistee  Harbor,  Michigan. — During  the  year  each  pier  has  been 
extended  150  feet.  About  4.">0  feet  of  the  south  pier  will  be  leveled  to 
the  required  height  this  season.     Estimated  cost,  $1,200. 

The  appropriation  of  $14,000  under  act  approved  August  14,  1876, 
together  with  the  funds  remaining  of  the  ai)propriation  of  1875,  will  be 
applied  to  the  construction  of  north  side  revetment  320  feet  farther  east, 
and  in  dredging  channel  to  12  feet  of  water. 

A  further  extension  of  the  piers  is  demanded  at  this  place,  and  to 
continue  improvements  $30,000  is  asked  for  the  year  ending  June  30, 
1878. 

Amount  available  Jnly  1,  1875 -$30,7:«>  80 

Amount  expended  during  fiscal  year  ending  June  30,  1876 20,  '.^"if)  02 

Amount  available  July  1,  1876,  including  $1,654.97  due  on  contracts 10, 3^!l  78 

Amount  appropriated  by  act  approved  August  14,  1876 14,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 76,771  00 

Amount  that  can  be  proiitabl}^  expended  in  fiscal  year  ending  June  30, 1878.     30, 000  00 

(See  Appendix  Z  2.) 

3.  Ludingion  Harbor,  Michigan, — The  north  pier  has  been  extended 
100  feet  during  the  year,  and  slight  repairs  in  the  way  of  refilling  and 
protecting  the  south  pier-head  made. 

The  Government  dredge  has  cleared  the  channel,  so  that  there  is  now 
a  water-way  of  14  feet  through  its  center. 

The  recommendations  of  last  year  for  pier-extension  are  renewed,  and 
the  estimate  of  $30,000,  less  the  $10,000  appropriated  by  act  of  August 
14,  1876,  can  be  profitably  expended  during  the  year  ending  June  30, 
1878. 

Amount  available  July  1,  1875 §15,983  43 

Amount  expended  during  fiscal  year  ending  June  30,  1876 13,946  40 
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Amount  available  July  1, 1876 $2,037  03 

Aoionut  appropriated  by  act  approved  August  14,  1876 10, 000  00 

Amonat  (estimated)  reqnired  for  completion  of  existing  project 26, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878.  26, 000  00 

(See  Appendix  Z  3.) 

L  Pentwaier  Harbor^  Michigan. — No  appropriation  has  been  made  for 
tliis  harbor  since  1873. 

Nothing  lias  been  done  here  bnt  to  repair  some  slight  damages  caused 
by  collisions  of  steamers  with  the  piers. 

The  Government  dredge  will  remove,  this  season,  a  bar  that  has  formed 
between  the  piers,  and  the  revetment  alongside  will  be  improved  against 
farther  shoaling. 

The  recommendations  and  estimates  of  last  vear  are  renewed,  viz: 
To  dredge  away  old  slab-revetment  and  substitute  a  pile  revetment,  and 
to  extend  the  north  pier  150  feet,  at  an  estimated  cost  of  $39,200. 

Amount  available  Jnly  1,  1875 $1,916  89 

Amount  expended  during  fiscal  year  ending  June  30, 1876 213  26 

Amount  available  July  1,  1870 1,703  63 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 

Amount  (estimated)  required  fur  completion  of  existing  project 39,200  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  39, 200  00 

(See  Appendix  Z  4.) 

5.  ^Yhite  River  Harbor^  Michigan. — The  south  ])ier  has  been  extended 
150  feet  during  the  year,  while  a  portion  of  the  old  work  has  been 
sheathed  and  partly  refilled  and  reballasted. 

This  harbor  is  in  an  unsatisfactory^  condition,  and  again  needs  dredg- 
ing, and  the  old  revetments  require  a  thorough  overhauling. 

To  carry  out  the  permanent  improvements  suggested  in  former  years 
requires  an  appropriation  of  $34,526.00,  which  amount  can  be  profitably 
expended  in  the  year  ending  June  30,  1878. 

Amount  available  July  1,  1875 |17,076  12 

Amount  expended  during  fiscal  year  ending  June  30,  1876 14,995  66 

Amount  available  July  1,  1876  2,0?^0  46 

Amonnt  appropriated  by  act  approved  Angust  14,  1^*76 5, 000  00 

ArooQnt  (estimated)  required  for  completion  of  existing  project 34, 526  60 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     34, 500  00 

(See  Appendix  Z  5.) 

6.  Muskegon  Harbor^  Michigan, — The  south  pier  has  been  extended  150 
feet  during  the  year.  Some  repairs  will  be  put  ui)on  the  piers  this  sea- 
son, at  an  estimated  cost  of  $1,000. 

To  complete  the  pier-extension,  as  recommended  in  the  yearly  report 
of  1873,  there  remains  a  balance  of  the  estimate  as  yet  unappropriated 
of  $6,000;  to  this  should  be  added  $1,898.04,  which  was  expended  in 
1874  on  the  north  pier  revetment,  and  $1,000  for  repairs  in  progress, 
making  a  total  of  $8,898.04  to  be  appropriated  for  expenditure  in  the 
year  ending  June  30,  1878. 

Amonnt  available  July  1,1875 $27,601  11 

Amount  expended  during  fiscal  year  ending  June  30,  1876 21,072  49 

Amount  available  July  1,  1876 6,528  62 

Amonnt  appropriated  by  act  approved  August  14,  1876 15, 000  00 

Amonnt  (estimatetl)  required  for  completion  of  existing  project 8, 898  04 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878.      8, 990  00 

(See  Appendix  Z  6.) 

7,  Grand  Haven  Harbor^  Michigan. — The  work  remaining  unfinished 
at  date  of  last  report  was  completed  by  October  2,  and  some  slight 
repairs  added  to  the  old  work. 

The  exceptionally  rough  northwest  weather  last  fall  caused  a  bad  bar 
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to  form  across  and  between  the  pier-beads.  This  was  removed  in  De- 
cember, and  no  trouble  has  since  been  experienced  from  this  cause. 

In  the  absence  of  the  usual  ice-barriers,  the  past  winter  was  a  severe 
one,  and  the  piers  suffered  damage,  but  not  to  a  great  extent.  Repairs 
will  be  made,  at  an  estimated  expense  of  $858,  before  another  winter. 

To  make  the  extension  of  the  north  pier,  as  recommended  in  my  last 
report,  the  estimate  of  $32,000,  less  $15,000  recently  appropriated,  is 
renewed;  also,  $14,400  for  revetment  in  uend  of  river;  and  $2,000  for 
repairs.  Total,  including  contingencies  and  superintendence,  $38,000, 
for  the  fiscal  year  ending  June  30, 1878. 

Amount  available  July  1, 1875 $25,346  24 

Amount  expended  during  fiscal  year  ending  June  30, 1876 20.572  01 

Amount  available  July  1, 1876 4,774  23 

Amount  appropriated  by  act  approved  August  14, 1876 15,000  00 

Amount  (estimated )  required  for  completion  of  existing  project 38, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     38, 000  00 

(See  Appendix  Z  7.) 

8.  Blaclc  Lake  Harhor^  Jlfic^t<7aw.^— During  the  year  the  north  pier  has 
been  extended  100  feet  and  the  south  pier  50  feet.  The  depth  of  water 
is  about  the  same  as  last  year. 

It  is  proposed  to  use  the  funds  available  in  extending  the  south  pier, 
renewing  old  work  which  has  become  entirely  useless,  and  in  overhaul- 
ing and  refilling  of  revetment,  as  well  as  dredging  the  channel. 

For  the  year  ending  June  30, 1878,  $15,000  can  be  expended  to 
advantage. 

Amount  available  July  1,1875 |21,494  03 

Amount  expended  during  fiscal  year  ending  June  30, 1876 17,212  3S 

Amount  available  July  1, 1876 4,281  65 

Amount  appropriated  by  act  approved  August  14, 1876 15,  000  00 

Amount  (estimated)  required  for  completion  of  existing  project 15,  000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  15,  000  00 

(See  Appendix  Z  8.) 

9.  Saugatuck  Harbor^  Michigan. — Work  here  in  progress  at  date  of 
last  report  was  completed  by  the  end  of  August. 

A  board  of  engineer  officers  examined  this  harbor  in  the  spring,  and 
in  consequence  of  their  report,  the  extensiou  of  the  north  pier  was 
abandoned,  and  available  funds  were  applied  to  replacing  the  revetment 
in  the  bend  of  the  river,  which  had  been  undermined  by  the  spring- 
freshets.    This  work  was  completed  during  the  season. 

The  $3,000  appropriated  in  act  approved  August  14, 1876,  is  to  be 
applied  to  the  work  of  protecting  the  existing  piers. 

Ten  thousand  dollars  is  asked  for  pier-extension  during  the  year  ending 
June  30, 1878. 

Amount  available  July  1,  1875 |17,622  92 

Amount  expended  during  fiscal  year  ending  June  30,  1876 17, 360  06 

Amount  available  July  1,  1876 262  86 

Amount  appropriated  by  act  approved  August  14,  1876 3, 000  00 

Amount  (estimated)  required  for  completion  of  existiug  project 38,458  74 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  10, 000  00 

(See  Appendix  Z  9.) 

r 

10.  South  Haven  Uarhor^  Michigan, — Five  hundred  and  twenty-five 
feet  of  pile-revetment  were  added  during  the  year  on  the  north  side. 

Under  the  appropriation  of  $10,000  for  this  fiscal  year,  (1877,)  it  was 
intended  to  continue  this  revetment  about  200  feet  farther  east  and  level 
the  pier-heads,  which  have  settled  badly. 

Fur  the  year  1878,  it  is  desired  to  finish  the  work  of  revetting  the 
north  side,  which  will  embrace  250  feet,  at  an  estimated  cost  of  $12,000. 
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The  extension  of  both  piers  is  again  recommended. 

Amonnt  available  July  1,  1875 $16,219  24 

Amoaot  expended  during  fiscal  year  ending  Jane  30, 1876 16, 128  97 

Amoont  available  July  1,  1876 90  27 

Amount  appropriated  by  act  approved  August  14,  1 876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 70,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     70, 000  00 

(See  Appendix  Z  10.) 

11.  Saint  Joseph  Harbor^  Michigan, — Three  hundred  feet  extension  was 
made  to  the  north  pier,  but  the  heavy  weather  of  last  March  carried 
away  the  outer  crib,  (50  feet.) 

The  benefit  of  this  work  has  already  been  thoroughly  demonstrated. 
To  complete  the  improvements,  three  cribs,  (150  feet,)  should  be  added 
to  this  pier.  This  work,  together  with  needed  re))airs,  will  involve  an 
expense  of  $16,261.71. 

Last  season,  528  feet  of  wing-dam  were  constructed  in  the  river  to 
deflect  the  carrent  and  deepen  the  channel  to  the  mouth  of  the  Benton 
Harbor  Canal,  to  which  was  added  this  spring  a  row  of  piles,  prolonging 
the  dam  194  feet.    The  whole  cost  was  $9,046.24. 

Four  thousand  two  hundred  and  seven  dollars  and  ninety-nine  cents 
are  estimated  as  necessary  to  render  the  work  permanent,  and  $7,850.50 
are  asked  to  make  800  feet  of  revetment  above  the  dam  to  confine  and 
utilize  the  water  from  the  Paw-Paw  Kiver. 

Total  required — 

For  the  harl>or |16,2C1  71 

For  the  river 1*2,058  55 

28, 320  26 

less  the  amount  ($12,000)  appropriated  in  act  approved  August  14, 1876, 
viz,  $16,320.26,  the  amount  required  for  the  year  ending  June  30, 1878. 

Amount  available  July  1,  1875 $35,006  09 

Amount  expended  during  fiscal  yeiir  ending  June  30,  1876 34, 641  29 

Amount  available  July  1, 1876 365  40 

Amount  appropriated  by  act  approved  August  14, 1876 12, 000  00 

Amount  (estimated)  required  ifr  completion  of  existing  project 16, 320  26 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  16, 300  00 

(See  Appendix  Z  11.) 

12.  Charlevoix  Harbor^  Michigan. — To  comply  with  a  resolution  of  the 
Senate  of  January  6, 1876,  directing — 

the  Secretary  of  War  to  report  to  the  Senate  upon  the  importance  of  improving  the 
harbor  at  Charlevoix,  in  the  State  of  Michigan,  and  to  transmit  a  revised  estimate  of 
the  amount  necessary  to  complete  the  same — 

Major  Mansfield  was  instructed  to  supply  the  required  information. 
This  was  transmitted  to  the  Senate  at  its  last  session  in  a  report  which 
was  printed  as  Senate  Ex.  Doc.  No.  16. 

(See  Appendix  Z  12.) 

EXLABaEMENT  OF  SAINT  MABY'S  FAXLS  CANAL  AND  IMPEOVEMENT 
OF  SAINT  MARY'S  BIVEE — HABBOES  AND  BIVEBS  ON  LAKES  HUBON 
AND  8AINT  CLAIB— SAINT  CLAIB  FLATS  CANAL,  AND  IMPBOVEMENT 
OF  DETBOIT  BIVEB. 

OflBcer  in  charge,  Maj.  G.  Weitzel,  Corps  of  Engineers,  with  Oapt.  A. 
N.  Lee,  Corps  of  Engineers,  under  his  immediate  orders. 

1.  Saint  Mary*8  Falls  OawaJ.— The  contract  of  February  9,  1871,  for 
deepening  and  widening  the  head  of  the  canal,  has  been  completed,  as 
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tilso  the  contract  of  May  19,  1873,  for  excavating  pit  and  laying  foanda- 
tion-floor  for  the  new  locks,  and  the  contract  of  May  22, 1875,  for  con- 
structing about  400  feet  of  the  pier  on  the  south  side  of  and  below  the 
proposed  new  locks  and  the  excavation  incident  thereto. 

As  all  of  the  money  now  available  is  needed  to  make  payment  under 
existing  contracts,  the  officer  in  charge  reports  that  the  sum  of  $300,000 
will  be  required  for  this  work  for  the  fiscal  year  ending  June  30, 1878. 

Amount  available  Jnly  1, 1875 : $602,996  45 

AmoiiDt  expended  daring  liscal  year  ending  June  30,  1876 205,768  52 

Amount  available  July  1,  1^6 397,227  93 

Amount  appropriated  by  act  approved  August  14,  1876 130,  000  00 

Amount  (estimated)  required  for  completion  of  existing  project 570, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J  une  30, 1878 .     300, 000  00 

(See  Appendix  A  A  1.) 

2.  Cheboygan  Harhor^  Michigan, — ^The  two  cuts  across  the  bar  were 
completed,  three  additional  cuts  were  made,  and  the  mouth  of  the  river 
cleared  as  far  up  as  where  the  center  line  of  the  channel  cuts  the  line  of 
the  wharves.  The  narrowest  part  of  the  new  channel  across  the  bar  is 
now  130  feet  wide. 

The  sum  of  $35,000  is  needed  for  this  work  for  the  fiscal  year  ending 
June  30,  1878. 

Amount  available  July  1,  1875 $22,784  14 

Amount  expended  during  fiscal  year  ending  June  30,  1876 22,521  70 

Amount  available  Jnly  1,  1876 262  44 

Amount  appropriated  by  act  approved  August  14,  1876 10,000  00 

Amount  (estimated)  required  lor  completion  of  existing  project 45, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Juno  30, 1878.     35, 000  CO 

(See  Appendix  AA  2.) 

3.  Au  Sable  River  Harbor,  Lalce  HuroUy  Michigan. — Nothing  has  been 
done  on  this  work  during  the  year. 

An  appropriation  of  §2,500  is  needed  for  keeping  existing  works  in 
repair  during  the  fiscal  year  ending  June  30,  1878. 

Amount  available  July  1,1875 $1,G57  92 

Amount  expended  during  fiscal  year  ending  June  30, 1876 231  30 

Amount  available  Jnly  1, 1876 I 1,426  62 

Amount  appropriated  by  act  approved  August  14,  1876 1, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878..     2,  500  00 

(See  Appendix  AA  3.) 

4.  Saginaw  River,  Michigan, — During  the  past  year  2,255  linear  feet  of 
pile  revetment  have  been  built  and  33,643  cubic  yards  of  material 
dredged  at  Carrolton  Bar.  As  it  appears  from  the  work  already  done 
at  Carrolton  Bar  that  more  extensive  works  will  be  required  and  that 
two  other  bars  lower  down  the  river  also  require  improvement,  an  esti- 
mate of  $51,900  is  submitted  by  the  oflScer  in  charge  for  the  fiscal  year 
ending  June  30,  1878,  of  which  $12,800  is  for  the  further  improvement 
of  Carrolton  Bar,  $22,400  for  the  improvement  of  Zilwaukee  Bar,  and 
$12,000  for  New  York  Works  Bar. 

Amount  available  July  1,  1875 $34,934  97 

Amount  expended  during  fiscal  year  ending  Juno  30,  1876 33,750  84 

Amount  available  July  1, 1876 1,184  13 

Amount  appropriated  by  act  approved  August  14,  1876 11,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.      51, 900  00 

(See  Appendix  AA  4.) 

5.  Sebawaing  River,  Michigan. — A  channel  100  feet  wide  and  6  feet 
deep  w^as  dredged  from  near  the  mouth  of  the  river  to  the  6-foot  curve 
in  Saginaw  Bay,  a  distance  of  about  2,000  feet,  and  the  Sebawaing 
Biver  itself  was  deepened  and  straightened  near  its  mouth. 
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This  comprised  all  the  work  that  was  to  be  done.  No  further  appro- 
priation is  required. 

Amount  available  July  1,  1875 ^,000  00 

Amoant  expended  during  fiscal  year  ending  June  30,  1876 8, 000  00 

(See  Appendix  AA  5.) 

6.  Harbor  of  Refuge^  LdkeHuron^  Michigan. — During  the  past  year  the 
whole  of  the  breakwater  west  of  the  opening  in  the  north  arm,  1,500 
feet  long,  has  been  completed.  The  inshore  end  of  this  extends  to  5J 
feet  of  water,  about  800  feet  from  shore.  To  the  eastward  of  the  open- 
ing, on  the  north  and  east  arm,  1,570  feet  of  breakwater  has  been  fin- 
ished, completing  altogether  3,070  feet  of  the  breakwater.  In  addition, 
4  new  cribs,  65  feet  long,  are  in  place  to  form  a  continuation  of  the  east 
arm  of  the  breakwater. 

The  amount  required  for  this  work  during  the  fiscal  j'ear  ending  June 
30, 1878,  is  $200,000. 

Amount  available  July  1, 1875 8*276,667  56 

Amount  expended  during  iiHcal  year  ending  June  30, 1876 179, 968  82 

Amount  available  July  1,  1876 96,698  74 

Amount  appropriated  by  act  approved  August  14, 1876 75, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 917, 550  00 

Amount  that  can  be  profitably  expended  in  fiacal  year  ending  June  30, 1878.     200, 000  00 

(See  Appendix  AA  6.) 

7.  Saint  CUiir  River ^  at  the  mouth  of  Blade  Rirer^  Michigan, — During 
the  year,  about  G7,000  cubic  yards  have  been  dredged  from  the  middle 
ground  by  the  contractors  under  the  appropriations  made  by  the  acts 
approved  June  23,  1874,  and  March  3,  1875.  No  further  appropriation 
is  required  for  this  work. 

Amount  available  July  1, 1875 $-20,257  73 

Amount  expended  during  fiscal  year  ending  June  30, 1870 14,867  21 

Amount  available  July  1,  1876,  including  $368.88  due  on  contracts 5, 390  52 

(See  Appendix  AA  7.) 

8.  Junction  of  Pine  and  Saint  Glair  Rivers^  Michigan. — The  bar  at  the 
jonetion  of  Pine  and  Saint  Chiir  Rivers,  and  a  channel  100  feet  wide  and 
12  feet  deep,  as  far  up  Pine  River  as  the  appropriation  would  admit, 
were  dredged.  This  completed  the  work.  No  further  appropriation  is 
required  for  this  work. 

Amount  available  July  1, 1875 $5,000 

Amount  expended  during  fiscal  year  ending  June  30, 1876 5,000 

(See  Appendix  AA  8.) 

9.  Saint  Clair  Flats  Ship-Canal. — The  existing  works  have  been  kept 
in  repair^  and  about  2,800  additional  willow-cuttings  have  been  planted 
on  the  piers.    No  additional  appropriation  is  required. 

Amount  available  July  1, 1875 ^15,016  22 

Amoant  expended  during  fiscal  year  ending  June  30, 1876 3,808  08 

Amount  available  July  1,  1876 11,208  14 

(See  Appendix  AA  9.) 

10.  Improve^nent  of  Detroit  River,  Michigan. — Nothing  has  been  done  on 
this  work  during  the  past  fiscal  year,  except  to  make  preparations  to 
receive  bids  for  work  t^  the  amount  of  the  available  means. 

As  no  reply  has  been  received  from  the  Canadian  government  that  it 
DDite  with  us  in  the  removal  of  the  obstructions  at  the  Lime-kilns,  the 
officer  in  charge  was  instructed  to  limit  his  operations  during  the  present 
season  to  our  waters,  as  far  as  to  expend  the  balance  of  appropriation 
remainiDg  available. 
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The  estimate  of  the  officer  in  charge  for  the  year  ending  Jane  30, 1878^ 
shonld  OongreBS  see  fit  to  direct  the  continuation  ot  the  work,  is  $200,000, 
Bat  little  will  resalt  to  the  commerce  of  the  lakes  nnless  the  work  is 
carried  to  completion. 

Amount  available  July  1, 1875 |2I,750  93 

Anionut  expended  during  fiscal  year  ending  Jane  30, 1876 304  83 

Amount  available  July  1, 1676 21,446  10 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  200, 000  00 

(See  Appendix  AA  10.) 

EXAMINATIONS  AND  SURVEYS  FOE  IMPHOVBMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  March  3, 
1875,  Major  Weitzel  was  instructed  to  make  the  following  : 

1.  Estimate  of  cost  to  obtain  13  feet  water  on  outer  bar  at  the  mouth  of 
Saginaw  River^  Michigan. — (See  Appendix  AA  11.) 

2.  Survey  of  Thunder  Bay  Biver^  Michigan. — (See  Appendix  AA  12.) 

3.  Examination  of  Clinton  Biver^  from  Mount  Clemens  to  its  mouth, 
Michigan. — (See  Appendix  AA  13.) 

4.  Examinatio7i  for  a  breakwater  off  the  mouth  of  An  Sable  Bivery 
Michigan. — (See  Appendix  A  A  14.) 

These  reports  were  submitted  to  Congress  at  its  last  session,  and 
printed  in  H.  R.  Ex.  Doc.  No.  121. 

HARBORS   ON   LAKE   ERIE. 

Officer  in  charge,  Lieut.  Col.  0.  E.  Blunt,  Corps  of  Engineers,  with 
Capt.  M.  B.  Adams,  Corps  of  Engineers,  under  his  immediate  orders. 

1.  Monroe  Harbor y  Michigan. — The  work  during  the  year  has  been  con- 
fined to  dredging  on  the  shoal  near  the  entrance  to  the  harbor,  and  in 
repairs  of  the  piers.  Eighteen  thousand  five  hundred  and  sixteen  yards 
of  sand  were  removed. 

Three  thousand  two  hundred  and  sixty  feet  of  the  decayed  canal  re- 
vetments still  need  renewal,  and  additional  pier  repairs  will  probably  be 
necessary. 

Amount  available  July  1,  1875 $8,734  45 

Amount  expended  during  fiscal  year  ending  June  30,  1876 8,693  91 

Amount  available  July  1, 1876 40  54 

Amount  appropriated  by  act  approved  August  14,  1876 5, 000  00 

Amount  (estimated)  required  tor  completion  of  existing  project 11,000  00 

A  mount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  11, 000  00 

(See  Appendix  BB  1.) 

2.  Toledo  Harbor  J  Ohio. — The  work  of  dredging  in  the  channel  has 
been  carried  on  during  the  year  in  accordance  with  the  plan  of  the  board 
of  engineer  officers  approved  in  January,  1873.  Two  hundred  and  forty- 
three  thousand  two  hundred^  and  fifteen  cubic  yards  of  material  have 
been  removed  by  dredging. 

To  complete  the  work  $140,000  will  be  required,  and  this  amount  is 
asked  for  the  next  fiscal  year. 

Amount  available  July  1,  1875 $^£,514  05 

Amount  expended  during  fiscal  year  ending  June  30,  1876 81,333  38 

Amount  available  July  1,  1876 4,  IHO  67 

Amount  appropriated  by  act  approved  Aujgust  14, 1876 60, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 140, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 . .  140, 000  00 

(See  Appendix  BB  2.) 

3.  Port  Clinton  Harbor^  Ohio. — Nothing  has  been  done  here  during  the 
year,  for  want  of  funds.    The  effect  of  hist  year's  experimental  construe- 
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tioD  has  been  very  satisfactory.  The  small  sam  a^ain  appropriated  this 
sominer  will  be  expended  mainly  in  commencing  an  east  pier  or  balk- 
head  in  <;ontinaance  of  the  snggested  plan.  Shoald  additional  funds 
be  granted,  it  is  proposed  to  continue  the  construction  of  the  vorks 
intended  to  deepen  the  channel  by  confining  the  river  current. 

Amoant  available  July  1, 1875 $293  35 

Amoont  expended  dnrin^  fiscal  year  ending  Jane  30,  1876 277  15 

Amoant  available  July  1, 1876 16  20 

Amoant  appropriated  by  act  approved  Angost  14,  1876 5, 000  00 

Amoant  (estimated)  required  for  completion  of  existing  project 112, 000  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  J  ane  30, 1878 . .    20, 000  00 

(See  Appendix  BB  3.) 

4.  Sandusky  City  Harbor^  Ohio. — ^During  the  year  the  cut  through  the 
outer  bar  has  been  essentially  completed.  The  quantity  of  material 
dredged  and  removed  was  89,561  cubic  yards. 

The  channel,  originally  intended  to  termioate  at  the  12-foot  curve, 
should  be  continued  toward  the  town,  from  which  the  present  terminus 
is  over  a  mile  distant.  The  extension  will  cost  $50,000,  and  the  com- 
pletion of  the  original  project  $55,000;  in  all,  for  the  amended  project, 
$105,000 ;  $55,000  is  asked  as  the  next  appropriation. 

Amount  available  Joly  1, 1875 $35,022  04 

Amoant  expended  daring  the  fiscal  year  ending  Jane  30,  1876 34, 915  27 

Amoant  available  Jaly  1,  187C 106  77 

Amonnt  appropriated  by  act  approved  Aagast  14,  1876 25, 000  00 

Amouot  (estimated)  re(|nired  for  completion  of  existing  project 105, 000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  55, 000  00 

(See  Appendix  BB  4.) 

5.  Huron  Harbor,  Ohio, — The  greater  part  of  the  appropriation  of 
$1,000  made  by  act  of  March  3, 1875,  with  a  small  balance  of  a  preced- 
ing appropriation,  was  expended  daring  the  latter  part  of  the  season 
of  1875  in  minor  repairs  of  the  west  pier. 

The  harbor  is  in  good  condition  and  no  further  appropriation  is  asked 
for,  the  balance  on  hand  being  probably  sufficient  for  small  repairs  that 
may  be  needed  during  the  coming  year. 

Amoant  available  July  1,  1875 $1,816  45 

Amount  expended  during  fiscal  year  ending  June  30, 1876 1, 627  28 

Amount  available  July  1,  1876 ^ 189  17 

(See  Appendix  BB  5.) 

6.  Vermillion  Harbor,  Ohio. — The  appropriation  of  $10,000  by  act  of 
Harch  3,  1875,  was  expended  in  the  fall  of  that  year  in  widening  and 
deepening  the  channel.  To  complete  this  and  make  some  further  pier- 
repairs,  an  estimate  of  $9,000  is  made. 

Amonnt  available  July  1, 1875 : $10,000  00 

Amount  expended  during  fiscal  year  ending  June  30,  1876 9, 874  55 

Amount  available  July  1,1876 125  45 

Amount  appropriated  by  act  approved  August  14, 1876 5, 000  00 

Amoant  (estimated)  required  for  completion  of  existing  project 9, 000  00 

Amoant  that  van  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.      9, 000  00 

(See  Appendix  BB  6.) 

7.  BlacJc  River  Harbor,  Ohio. — The  extension  of  the  east  pier,  in  prog- 
ress at  the  date  of  the  last  annual  report,  has  been  completed.    Both 
piers  hare  now  reached  their  proposed  lake  terminus.    The  channel- 
dredging  reported  necessary  last  year  has  been  done.    Injuries  to  both 
piers  and  to  the  shoreline  were  caused  by  a  severe  gale  in  May,  1876. 
The  balance  on  hand  was  sufficient  to  thoroughly  repair  the  west,  or 
ligbt-bonse  pier.     The  appropriation  of  August  14, 1876,  will  be  suffi* 
dent  to  complete  these  repairs  and  protect  the  shore-line. 


108         REPORT  OF  THE  CHIEF  OP  ENGINEERS. 

Amount  available  July  1, 1875 81«'>|704  84 

Amount  expended  during  fiscal  year  ending  June  30,  1876 15, 648  43 

Amount  available  July  1,  1876 56  41 

Amount  appropriated  by  act  approved  August  14,  1876 6, 000  00 

(See  Appendix  BB  7.) 

8.  Rocky  River  Ho^rbor,  Ohio. — The  pier,  previously  648  feet  long,  has 
been  extended  180  feet  daring  the  past  fiscal  year.  The  channel  has 
also  been  deepened  by  the  removal  of  31,820  cubic  yards  of  material. 

No  additional  appropriation  is  required. 

Amount  available  July  1,  1875 $15,000  00 

Amount  expended  during  fiscal  year  ending  June  30, 1876 15, 000  00 

(See  Appendix  BB  8.) 

9.  Cleveland  Harbor^  Ohio. — The  construction  of  the  new  breakwater 
for  this  harbor,  (estimated  to  cost  $1,800,000,)  for  the  commencement  of 
which  $50,000  was  appropriated  March  3, 1875,  was  begun  last  winter. 
Up  to  June  30,  333  running  feet  of  the  shore  end  was  completed.  The 
work  is  still  in  progress,  the  contract  expiring  November  30,  1876. 

For  further  continuance  an  appropriation  of  $200,000  is  asked. 

Amount  available  July  1, 1875 $58,426  98 

Amount  expended  during  fiscal  year  ending  June  30,  1876 25,000  72 

Amount  available  July  1,  1876,  including  $^1.60  due  on  contracts 33, 426  26 

Amount  appropriated  by  act  approved  August  14,  1876 50,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 1, 700, 000  00 

Amount  that  can  be  protitAbly  expended  in  fiscalyearending  June  30, 1878.  200,000  00 

(See  Appendix  BB  9.) 

10.  Grand  River  Harbor^  Fairport,  Ohio. — The  west  pier  was  extended 
130  feet  last  year,  and  for  the  present  no  further  extension  of  either  pier 
is  proposed.  The  east  pier  is  now  104  feet  shorter  than  the  west,  and 
it  may  be  found  necessary  to  make  the  two  of  equal  length. 

Bepairs  of  the  inner  portion  of  the  old  west  pier  will  be  made  with 
the  appropriation  of  August  14, 187G. 

Amount  available  July  1,  1875 $13,144  84 

Amount  expended  during  fiscal  year  ending  June  30,  1876 10,723  41 

Amount  available  July  1, 1876 2,421  43 

A  mount  appropriated  by  act  approved  August  14, 1876 5, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 3, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1878.       3, 000  00 

(See  Appendix  BB  10.) 

11.  Ashtabula  Harbor^  Ohio. — The  300  feet  of  west  pier  extension  re- 
ported in  progress  last  year,  has  been  completed.  The  channel  has 
been  widened  to  100  feet  and  deepened  to  14  feet,  by  blasting  and  dredg- 
ing.   A  survey  to  ascertain  its  exact  present  condition  is  in  progress. 

The  west  pier  extension  will  be  continued  with  the  appropriation  of 
August  14, 1876.  The  possible  necessity  of  extending  the  east  pier  is 
anticipated. 

Amount  available  July  1,  1875 $37,972  86 

Amount  expended  during  fiscal  year  ending  Juno  30,  1876 23,  :i49  01 

Amount  available  July  1,  1876,  including  |907.38  due  ou  contracts 14, 623  85 

Amount  appropriated  by  act  approved  August  14,  1876 5, 000  00 

Amount  that  ean  be  profitably  expended  in  fiscal  year  ending  June  30,  1878.     15, 000  00 

(See  Appendix  BB  11.) 

12.  Conneaui  Harbor^  Ohio. — Some  minor  repairs  of  piers  were  made 
during  the  year,  and  the  harbor  is  now  in  good  condition. 

No  appropriation  is  asked  for. 

Amount  available  July  1, 1875 $l,2:W  45 

Amount  expended  during  fiscal  year  ending  June  30,  1876 1,165  00 

Amount  available  July  1,  1876 68  45 

(See  Appendix  BB  12.) 
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13.  Erie  Harbor,  Pennsylvania, — Dredging  in  the  channel  and  at  the 
month  of  the  harbor  was  continued  during  the  fiscal  year.  Additions 
to  the  north  pier  have  been  made,  and  the  inside  of  the  north  spit  has 
been  partially  protected  by  rebuilding  the  superstructure  of  part  of  the 
old  narrow  inner  breakwater.  An  addition  of  3,056  feet  has  been  made 
to  the  riprapped  fence  like  protection  of  the  peninsula  beach,  the  total 
length  being  now  4,536  feet. 

A  greater  expenditure  will  be  required  at  Brie  than  was  anticipated 
at  the  date  of  last  year's  report,  which  is  mainly  owing  to  the  uncertain 
amount  of  beach-protection  required,  and  is  explained  in  the  report  of 
the  officer  iu  charge.  The  amount  he  estimates,  in  addition  to  that  now 
available,  is  $56,000. 

AmouDtavailable  July  1,1875 $67,338  68 

Amount  ex peuded  during  fiscal  year  ending  June  30, 1876 42,3:^  62 

Amount  available  July  1,1876 25,011  06 

Amount  appropriated  by  act  approved  August  14, 1876 40, 000  00 

Amount  (estimated)  required  tor  completion  of  existing  project 56, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     56, 000  00 

(See  Appendix  BB  13.) 

14.  DunkirJc  Harbor^  New  JbrJfc. — The  work  done  during  the  year  has 
been: 

1st.  The  building  of  120  feet  of  breakwater  superstructure  left  un- 
finished last  year,  and  the  entire  completion  of  210  feet  new  work,  em- 
bracing 7  cribs.    The  breakwater  is  now  828  feet  long. 

2d.  The  removal  of  4,465  cubic  yards  of  material,  mostly  rock,  from 
the  channel. 

The  channel  will  be  completed  with  the  balance  of  last  year's  appro- 
priation now  on  band. 

With  the  appropriation  of  $18,000,  of  August  14, 1876,  the  breakwater 
will  be  continued  eastwardly.  For  continuing  this  extension  an  appro- 
priation of  $40,000  is  asked. 

Amount  available  July  1,  1875 $34,099  01 

Amount  expended  during  fiscal  year  ending  June  30,  1876 21,548  27 

Amount  available  July  1, 1876 12, 550  74 

Amount  appropriated  by  act  approved  August  14, 1876 IH,  000  00 

Amount  (estimated)  require*!  for  completion  of  existing  project 102,000  00 

Amount  that  can  be  profitably  expended  iu  fiscal  year  ending  June  30, 1878.     40, 000  00 

(See  Appendix  BB  14.) 

15.  Buffalo  Harbor,  New  York. — The  results  of  last  year's  expenditure 
have  been  as  follows:  Extension  of  the  completed  breakwater  200  feet, 
(four  cribs,)  and  the  sinking  and  filling  of  a  fifth  crib,  (50  feet ; )  addition 
of  220  feet  to  the  pile-pier,  forming  the  south  end  of  the  harbor ;  removal 
of  about  10,000  cubic  yards  of  sand,  &c.,  from  the  shoal  outside  the 
south  pier. 

With  the  next  appropriation  the  extension  of  the  main  breakwater 
will  be  continued. 

Reports  (accidentally  omitted  in  my  last  annual  report)  from  a  board 
of  engineer  oflScers  assembled  at  Buttalo  in  1874,  to  take  into  considera- 
tion and  report  upon  the  project  adopted  for  the  improvement  of  Buffalo 
Harbor,  will  be  found  in  Appendix  B  B  16. 

Amount  available  Jnly  1,1875 $97,433  62 

Amount  expended  during  fiscal  year  ending  June  30, 1876 97,423  58 

Amount  available  July  1,1876 10  04 

Amount  appropriated  by  act  approved  August  14,  1876 85, 000  00 

Amount  (estimated)  required  for  completion  of  existing  pr«>ject 1,815,000  00 

Amount  that  can  be  profitably  expenaed  in  fiscal  year  ending  June  30, 1878.  200, 000  00 

(See  Appendix  BB  15.) 
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HARBORS  ON  LAKE  ONTARIO  AND  THE   RIYEB  SAINT  LAWRENCE. 

Officers  in  charge,  Maj.  John  M.  Wilson,  Corps  of  Engineers,  to 
December  1, 1875,  since  which  time  Maj.  Walter  McFarland,  Corps  of 
Engineers. 

1.  Wilson  HarboTj  New  York. — During  the  year  the  west  pier  has 
been  extended  60  feet,  the  east  pier  30  feet,  and  the  channel  between 
them  has  been  deepened  to  12  feet  at  ordinary  low  water,  over  a  length 
of  800  feet  and  width  of  200  feet. 

The  improvement  in  progress  at  this  harbor  is  the  extension  of  the 
piers  to  12  feet  water  in  the  lake,  and  the  dredging  of  a  channel  1,800 
feet  long  to  the  deep  water  of  Twelve-Mile  Creek. 

Amonnt  available  July  1, 1875 t9»886  17 

Araonnt  expended  during  fiscal  year  ending  June  20,  187G 9,719  53 

Amonnt  available  July  1, 1876 166  64 

Amount  appropriated  by  act  approved  August  14,  1876 , 10, 000  00 

Amonnt  (estimated)  required  for  completion  of  existing  project 70,000  00 

Amount  than  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  20, 000  00 

(See  Appendix  CC  1.) 

2.  Olcoit  Harbor^  Netc  York. — The  work  in  this  harbor  has  been  con- 
fined to  widening  the  channel  previously  excavated  between  the  piers, 
and  to  making  a  cut  into  the  deep  water  of  the  creek ;  besides  protect- 
ing the  outer  angles  of  the  piers  which  had  been  damaged  by  the  ice 
during  the  winter. 

Of  the  $118,000  originally  estimated  as  the  cost  of  improving  the  har- 
bor, $115,000  have  already  been  appropriated,  but  to  complete  the  pro- 
ject, $10,000  more  are  required. 

Amount  available  July  1,  1875 $9,967  15 

Amount  expended  during  fiscal  year  ending  June  30,  1876 6, 48*2  95 

Amount  available  July  1,  1876,  including  $3,193.89  due  on  contracts 3, 484  ^ 

Amount  (estimated)  required  for  completion  of  existing  project 10,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  10, 000  00 

(See  Appendix  CC  2.) 

3.  Oak  OrcJiard  Harhor^  Netc  York. — The  small  balance  available  for 
this  harbor,  at  the  beginning  of  the  fiscal  year,  was  applied  to  the 
removal  of  sandstone  rock  from  the  channel,  about  200  cubic  yards  of 
which  were  blasted  and  dredged  out. 

Amount  available  July  1,  1875 $5,131  30 

Amonnt  expended  during  fiscal  year  ending  .Tune  30,  1876 4,896  66 

Amount  available  July  1,1876 234  64 

Amount  appropriated  by  act  approved  August  14, 1876 2, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 4, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  4, 000  00 

(See  Appendix  CC  3.) 

Charlotte  Harbor^  New  York. — Operations  at  this  harbor  during  the 
year  have  been  confined  to  the  repair  of  the  decayed  and  damaged  piers, 
and  of  the  light-house  walk  which  passes  from  the  shore-end  of  the  west 
pier  to  its  lake-end. 

Amount  available  July  1, 1875 $4,961  75 

Amount  expended  during  fiscal  year  ending  June  30,  1876 4,363  89 

Amount  available  July  1,1876 597  86 

(See  Appendix  CC  4.) 

5.  Pnltneyrille  Harbor,  New  York. — The  superstructure  was  built  over 
120  feet  of  cribs  sunk  last  year,  and  the  channel  was  widened  to  130 
feet  and  deepened  to  10  feet,  average;  and  a  cut  was  made  from  the 
channel  to  the  deep  water  of  the  creek.    In  accordance  with  estimates 
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previoasly  given,  it  will  require  an  additional  snm  of  $18,000  to  carry 
oat  the  proposed  improvement. 

Amonnt  ayailable  Jnly  1, 1875 |9,846  18 

Amount  expeDded  doriDg  fiscal  year  endiDg  June  30, 1876 9,719  62 

Amoont  available  July  1, 1876 126  56 

Amount  appropriated  by  act  approved  Aof^st  14, 1876 3, 000  00 

Amoont  (eetimat^d)  required  for  completion  of  existing  project 18, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  18, 000  00 

(See  Appendix  GG  5.) 

6.  Great  Sodus  Harbor^  New  YorJc, — Work  at  this  harbor  during  the 
year  was  confined  to  the  repair  of  the  old  damaged  pier-work,  and  to 
the  construction  of  a  sand-catcher  at  the  inner  end  of  the  west  pier,  to 
prevent  sand  from  blowing  into  the  channel. 

To  complete  the  repairs  and  to  dredge  the  channel  as  originally  pro- 
posedy  will  require  an  additional  appropriation  of  $10,000. 

Amount  available  July  1,1875 ^10,057  97 

Amount  expended  during  fiscal  year  ending  June  30, 1876 7, 836  85 

Amount  available  July  1,  1876 2,2vJl  12 

Amount  appropriated  by  act  approved  August  14, 1876 5, 000  00 

Amount  (eatimated)  required  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     10, 000  00 

(See  Appendix  GG  6.) 

7.  Little  Sodus  Earbor^  New  York. — The  east  breakwater  was  extended 
660  feet,  and  795  feet  of  superstructure  were  built  over  these  600  feet 
of  cribs,  and  over  135  feet  of  cribs  sunk  last  year. 

The  original  estimate  for  the  improvement  of  this  harbor,  according 
to  the  plan  now  in  course  of  execution,  was  $176,000,  of  which  nearly 
^164,000  have  been  already  appropriated.    Yet  required,  $12,000. 

Amount  available  Jnly-l,  1875 ^12,r>o3  28 

Amount  expended  during  fiscal  year  ending  June  30,  1876 11, 263  32 

Amoont  available  July  1,  1876 1,2^9  S)6 

Amount  appropriated  by  act  approved  August  14,  1876 5, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 12,000  00 

Amount  that  can  be  pruiitably  expended  in  fiscal  year  ending  June  30, 1878.  12, 000  00 

(See  Appendix  CO  7.),  ^ 

8.  Osxcego  Harbor ^  New  York. — The  crib-work  of  the  new  breakwater 
was  extended  445  feet,  making  the  total  length  so  far  3,692  feet.  The 
soperstroctnre  was  built  completely  over  470  feet,  and  was  completed 
over  a  length  of  300  feet,  which  had  been  partly  built  the  preceding 
year.  Two  breaches  in  the  new  breakwater,  and  other  damages  to  it 
and  to  the  old  pier  caused  by  the  winter-storms,  were  repaired. 

The  total  length  of  completed  superstructure  is  now  3,482  feet,  leav- 
ing 210  feet  of  the  length  of  the  cribs  upon  which  the  superstructure  is 
not  yet  laid. 

The  breakwater  is  designed  to  be,  when  finished,  5,800  feet  long. 

Amount  available  July  1, 1875 $64,685  39 

Amount  expended  during  fifical  year  ending  June  30,  1876 55, 626  90 

Amount  available  July  1, 1876 9,058  49 

Amount  appropriated  by  act  approved  August  14, 1876 90, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 557,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  300, 000  00 

(See  Appendix  CO  8.) 

9.  Ogdensburgh  Harbor^  New  York. — The  work  here  during  the  year 
consists  entirely  of  dredging  in  channels  already  formed,  in  order  to 
deepen  and  widen  them.  Twenty-four  thousand  cubic  yards  of  material 
were  removed. 

The  original  estimate  of  the  cost  of  the  plan  adopted  for  the  improve- 
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ment  of  this  harbor  was  $175,000,  of  which  $107,000  has  been  appropri- 
ated and  expended. 

The  amoant  needed  to  complete  the  work  as  proposed  is  $70,000 ;  but 
as  this  was  to  be  applied  to  a  pile-protection  to  the  channel,  the  abso- 
lute necessity  of  which  is  not  yet  made  certain,  this  estimate  may  be 
omitted  for  the  present. 

Amoont  available  Jaly  1,  1875 $4,924  38 

Amoaut  expended  during  fiscal  year  ending  Jnne  30,  1876 4, 865  28 

Amount  available  July  1, 1876 59  10 

Amount  (estimated)  required  for  the  completion  of  existing  project 70, 000  00 

(See  Appendix  CC  9.) 

10.  Waddington  Harbor^  Neve  TorAr. — Work  here  was  confined  to  the 
formation  of  a  new  channel  from  tbe  old  channel  to  the  dam,  the  width 
being  about  100  feet  and  the  depth  limited  by  the  rock  substratum,  va- 
rying from  3^  to  9  feet. 

The  amount  originally  estimated  as  necessary  for  this  improvement 
has  been  appropriated  and  expended,  and  no  further  appropriation  is 
asked  for. 

Amount  available  July  1, 1875 $5,016  83 

Amount  expended  during  fiscal  year  ending  Jnne  30,  1876 4,974  11 

Amount  available  July  1,  1876 42  72 

(See  Appendix  CC  10.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  March  3, 
1875,  Major  Wilson,  Corps  of  Engineers,  was  charged  with,  and  com- 
pleted before  his  transfer  from  the  chnrge  of  the  harbor  works  on  Lake 
Ontario,  the  survey  of  the  mouth  of  Sandy  CreeJcj  liew  Yorkj  (see  Ap- 
pendix C  C  11,)  and  also  an  examinatwn  for  the  purpose  of  ascertaining 
the  practicability  and  cost  of  constructing  a  canal  and  locks  around  the 
rapids  in  the  Saint  Lawrence  River^  at  WaAdington  New  York,  (See  Ap- 
pendix C  C  12.)  His  reports  upon  the  above  were  transmitted  to  Con- 
gress at  its  last  session,  and  printed  in  H.  K.  Ex.  Doc.  No.  92. 

PACIFIC   COAST. 

IMPROVE]MENT  OF  OAKLAND  HARBOR— CONSTRUCTION  OF  BREAKWATER 
AT  WILMINGTON— REMOVAL  OF  RINCON  ROCK,  SAN  FRANCISCO  HAR- 
BOR,  AND   IMPROVEMENT  OF  SACRAMENTO    AND   FEATHER    RIVERS. 

Officer  in  charge,  Maj.  G.  H.  Mendell,  Corps  of  Engineers,  with  Lient. 
C.  B.  SearH,  Corps  of  Engineers,  under  his  immediate  orders  to  Septem- 
ber 3,  1875. 

1.  Improvement  of  Oakland  Harbor^  California. — The  north  training- 
wall  is  extended  for  a  distance  of  9,400  feet,  and  the  south  wall  for  a 
distance  of  10,807  feet.  Where  the  walls  are  exposed  to  the  heavy  waves, 
the  height  above  low  water  is  now  about  2J  feet.  In  positions  of  little 
exposure,  the  height  is  about  4  feet.  Ninety-four  thousand  four  hundred 
and  ninety-eight  tons  of  stone  were  deposited  on  these  walls  during  the 
year,  of  which  40,200  were  delivered  under  contract  and  54,298  by  a  tem- 
porary arrangement.  The  price  in  each  case  was  the  same,  namely,  S1.19 
per  ton  of  2,240  pounds. 

Twelve  thousand  four  hundred  and  fifty-one  yards  of  dredging  were 
excavated,  at  a  cost  of  24  cents  a  yard. 

The  south  crib  was  removed  under  contract  for  the  sum  of  $3,000. 


REPORT  OF  THE  CHIEF  OF  ENGINEERS.         113 

A  careful  trigonometric  and  hydrographic  survey  of  the  estuary  was 
made  for  future  reference  and  in  order  to  establish  the  lines  of  the  harbor- 
front. 

A  survey  and  map  were  made  of  lands  to  be  condemned  for  the  tidal 
canal  to  connect  San  Antonio  and  San  Leandro  estuaries.  The  trial  for 
condemnation  is  soon  to  take  place. 

The  operations  of  the  coming  year  will  consist  in  dredging,  for  which 
a  contract  has  been  made,  and  in  continuing  the  training- walls. 

Amount  available  July  1, 1675 8179, 135  67 

Amount  expeuded  duriug  fiscal  year  eudiug  June  30,  1876 131, 978  17 

Amount  available  July  1,  ltf76 47,157  50 

Amount  appropriated  by  act  approved  August  14,  1876 45, 000  00 

Amount  (estimated)  required  lor  completion  of  existing  project 1, 614, 529  20 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1^78 .      250, 000  00 

(See  Appendix  DD  1.) 

Improvement  of  Wilmington  Harbor^  California, — During  the  year  the 
contractor  has  excavated  from  the  channel  6,467  yards  of  stone,  3,557 
yards  of  clay,  and  11,864  yards  of  sand.  The  dredging-operations  were 
suspended  from  December  to  March  15.  The  exposure  is  so  great  in 
the  winter,  that  work  of  this  kind  cannot  be  carried  on  successfully. 

Most  of  the  stone  and  clay  was  used  in  the  extension  of  dike  Ko.  2, 
which  was  extended  280  feet  to  make  a  part  of  a  training- wall,  intended 
to  bound  the  channel  on  the  west. 

Thirty-six  hundred  and  ten  tons  of  stone  were  used  during  the  year 
for  covering  the  timber-work  and  in  filling  short  cribs  of  timber  placed 
along  the  line  to  collect  the  sand. 

The  condition  of  the  channel  improves  slowly  but  steadily.  There  is 
now  a  depth  of  7  feet  at  mean  low  water  throughout  the  length  of  the 
entrance,  except  for  a  distance  of  about  150  feet,  over  which  interval  the 
depth  is  a  small  fraction  of  a  foot  less.  The  channel  widens  and 
straightens  under  the  action  of  its  own  natural  causes.  The  sand  col- 
lects slowly  on  the  inside  of  the  work,  but  each  year  shows  a  decided 
improvement. 

The  operations  of  the  coming  year  will  be,  as  far  as  funds  available 
will  admit,  dredging  a  channel  100  feet  wide  and  14  feet  deep  through 
the  reef,  in  the  construction  of  the  training-wall  before  mentioned,  and 
in  raising  the  stone  portion  of  the  main  jetty  next  Deadman's  Island  to 
the  height  of  springtides* 

Two  hydrographic  surveys  were  made  in  the  past  year;  in  addition, 
the  lower  part  of  the  estuary  was  surveyed  trigonometrically. 

Amoont  available  July  1, 1875 $82,066  24 

Amoant  expended  during  fiscal  year  ending  June  30, 1876 41, 798  09 

Amount  available  Jnly  1, 1676,  indadiug  $4,016^5  dae  on  oontraots 40, 268  15 

Amoaot  (estimated)  reqnired  for  completion  of  existiug  project 100,000  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878.  100, 000  00 

(See  Appendix  DD  2.) 

3.  Imfrovemeni  of  San  Francisco  Harbor^  California, — Removal  of  Bin- 
eon  Bock. — Ko  work  was  done  in  the  removal  of  Bincon  Bock  from  June, 
1875,  to  May,  1876,  since  which  one  of  the  sureties  of  the  contractor  has 
been  as  steadily  at  work  as  the  proximity  of  wharves  and  shipping  will 
safely  permit*  At  the  date  of  the  last  report  it  was  estimated  that  about 
516  yards  remained  to  be  removed.    No  survey  has  since  been  made« 

The  explanation  of  the  long  suspension  of  the  work  is  that  the  con- 
traetor  was  enjoined  by  a  State  court,  at  the  suit  of  a  creditor,  from 
Teoming  any  payments  from  the  United  States,  and  without  such  pay- 

6b 
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moDts  be  was  unable  to  carry  on  the  work.    Tbe  work  will  be  completed 
in  the  coarse  of  tbe  present  fiscal  year. 

Amount  available  July  1,  1875 824,572  69 

Amonot  expended  dnring  fiscal  year  endin/s:  Jnne  30,  1876 192  42 

Amount  available  Jaly  1,  187(5,  including  $20,657.21  due  on  contracts 24, 380  27 

(See  Appendix  DD  3.) 

4.  Improvement  of  Sacramento  and  Feather  Rivers^  California. — One 
hundred  and  eighty  snags  were  removed  from  the  Sacramento  Eiver, 
between  Grimes  Landing  and  Walsh's  Landing,  a  distance  of  115  miles. 

On  the  Feather  Kiver  1,820  linear  feet  of  brush-dams  were  built,  dis- 
tributed between  3  shoal  places,  namely:  Marysville  Rapids,  Suttee 
Eanch,  and  Whisky  Chute.  Twenty-four  snags  were  removed  from 
the  Feather  River. 

The  effect  on  the  Sacramento  River  was  to  give  an  available  channel 
of  3^  feet  depth  as  high  as  Jacinto,  and  2^  to  Walsh's  Landing.  This 
improvement  was  of  great  value  to  the  farmers  along  the  river,  who 
send  by  this  route  large  agricultural  products. 

The  Feather  River  was  also  improved  so  that  the  boat  to  Marysville 
was  able  to  pass  the  shoalest  places  easily. 

Amonnt  available  July  1,  1875 114,982  66 

Amonn  t  expended  dnring  fiscal  year  ending  Jane  30, 1876 14, 722  7d 

Amonnt  available  July  1, 1876 259  88 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .    20, 000  Oo 

(See  Appendix  DD  4.) 

IMPBOYEMENT  OF  THE  HABBOB  OF  SAN  DIEaO,  OALIFOBNIA. 

OflScer  in  charge,  Lieut  Col.  C.  S.  Stewart,  Corps  of  Engineers,  with 
Lieut.  J.  n.  Weeden,  Corps  of  Engineers,  under  his  immediate  orders. 

1.  San  Diego  Harbor^  California. — During  the  fiscal  year  a  project  for 
this  work  was  formed  by  the  majority  of  the  Board  of  Engineers  for  the 
Pacific  Coast,  and  approved  by  the  Secretary  of  War.  The  new  survey, 
maps,  descriptions  of  land,  &c.,  required  for  procuring  the  right  of  way 
were  then  made,  and  proceedings  instituted  in  the  proper  court,  by  the 
United  States  attorney  for  California,  for  condemnation  of  the  laud 
needed  for  public  use.  As  the  result,  on  May  29, 1876,  the  title  to  the 
land  was  vested  in  the  United  States.  Contracts  having  in  the  mean- 
time been  made  for  earth  and  stone  work,  under  them  ground  was 
broken  on  June  5. 

At  the  end  of  the  fiscal  year  a  portion  of  the  channel  had  been  exca- 
vated in  part,  and  corresponding  embankment  of  the  levee  made  for  a 
length  of  890  feet  from  its  western  terminus,  and  350  feet  of  levee  built 
from  the  eastern  end  ;  the  latter  length  had  also  been  faced  with  stone. 

Total  earth  excavated  and  put  in  place  under  the  contract,  4,365  cubic 
yards.    Total  stone  in  place,  434  cubic  yards. 

Amount  available  July  1, 1875 |78,3r>0  74 

Amonnt  expended  dnring  fiscal  year  ending  June  30, 1876 4, 185  72 

Amonnt  available  July  1, 1876 74,145  02 

(See  Appendix  EE  1.) 

IMPEOVEMENT  OF  BIYEES  IN  OBEGON  AND  WASHINGTON  TEBBITOBY. 

OflScers  in  charge,  Maj.  N.  Michler,  Corps  of  Engineers,  to  December 
28, 1875,  since  which  time  Maj.  John  M.  Wilson,  Corps  of  Engineers. 

1.  Improvement  of  the  Lower  Willamette  and  Columbia  Rivers. — Opera- 
tions during  the  fiscal  year  have  consisted  of  dredging  at  Post-office  Bar 
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and  the  bar  at  the  month  of  the  Willamette,  and  at  Saint  Helen's  bar,  in 
the  Columbia  Eiver.  Surveys  have  been  made  of  these  various  bars,  of 
the  shore-line  at  Sand  Island,  and  of  the  bar  at  the  mouth  of  tbe  Co- 
lumbia. 

Extensive  repairs  have  been  made  to  the  United  States  dredge  and 
scows. 

During  the  present  season  it  is  proposed,  whenever  the  ireshet  will 
admit,  to  continue  dredging  the  bars  at  Swan  Island,  Post-office,  month 
of  the  Willamette,  and  at  Saint  Helen's,  in  the  Columbia,  and  to  make 
new  surveys  of  those  bars.    An  additional  dredge  is  required. 

The  proposed  project  of  the  officer  now  in  charge  for  the  permanent 
improvement  of  the  Willamette  and  Columbia  Eivers  from  Portland  to 
the  sea  (see  Appendix  F  F  10)  has  been  referred  to  the  Board  of  Engi- 
neers for  the  Pacific  Coast  for  opinion  thereon. 

Amonnt  available  Jnljr  1, 1875 $26,625  74 

Amonnt  expended  dnring  fiscal  year  ending  June  30, 1876 17, 5;)2  50 

Amonnt  available  July  1,1876 9,093  24 

Amount  appropriated  by  act  approved  August  14, 1876 20, 000  00 

Amonnt  (estimated)  required  lor  completion  of  proposed  project 326, 526  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  150, 000  00 

(See  Appendixes  FF  1  ^nd  FF  10.) 

2.  Improvement  of  the  Upper  Willamette  River^  Oregon^ — Operations 
during  the  fiscal  year  have  consisted  of  the  removal  of  snags,  stumps, 
locks,  &c.,  the  construction  of  wing-dams,  and  the  survey  of  portions  of 
the  river. 

The  United  States  snag-boat  has  removed  707  snags,  stumps,  &c., 
and  12}  yards  of  rock ;  wing-dams  have  been  constructed  at  Union  and 
Lone  T^ee  bars,  aggregating  1,530  feet  in  length.  Surveys  have  been 
made  from  Eugene  City  to  Ingram's  Bend,  from  Albany  to  Salem,  and 
of  various  bars  between  Salem  and  Oregon  City,  aggregating  in  all  a 
distance  of  66  miles. 

During  the  present  season  it  is  proposed  to  continue  operations  with 
the  snag-boat,  to  construct  abont  3,100  feet  of  wingdam,  to  elevate  75 
cubic  yards  of  rock,  and  to  make  a  survey  of  the  river  from  Salem  to 
Portland. 

Amount  available  July  1, 1875 ^ ?25,000  00 

Amount  expended  during  fiscal  year  ending  June  30,  1876 16, 961  75 

Amoant  available  July  1,  lt^6,  including  $275.40  due  on  contracts.  8, 038  25 

Amount  appropriated  by  act  approved  August  14, 1876 20, 000  00 

Amoant  (estimated)  required  for  completion  of  existing  project.. .  Project  incomplete. 
Amonnt  tbat  can  be  profitably  expended  in  iiscal  year  ending  June 

30,1878 45,000  00 

(See  Appendixes  FF  2  and  FF  11.) 

3.  Improvement  of  the  Upper  Columbia  and  S)iaJce  BiverSj  Oregon^ 
Washingtonj  and  Idaho. — Operations  during  the  winter  season  of  the 
fiscal  year,  the  only  time  work  can  be  carried  on,  have  been  in  progress 
at  Homly  and  Upper  Umatilla  Bapids,  118.36  cubic  yards  of  rock  hav- 
ing been  removed  from  the  former,  and  367.49  cubic  yards  from  the 
latter,  the  channel  in  both  places  having  been  greatly  improved. 

Daring  the  working  season  of  the  present  fiscal  year  it  is  proposed  to 
ooDtioue  the  excavation  of  dangerous  rocks  from  the  channel  at  Uma- 
tilla, Bock  Creek,  Owyhee,  and  Squally  Hook  Rapids,  in  the  Columbia 
Biver,  and  from  Pine-Tree  Eapid,  in  the  Snake  River. 

Amount  available  Jnly  1, 1875 $35,644  51 

Amooot  expended  dnring  fiscal  year  ending  June  30, 1876 19, 637  41 

ImooDt available  Jaly  1, 1B76,  including  |2,291.90  dne on  contracts.  16, 007  10 
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Amount  appropriated  by  act  approved  Ang^t  14, 1876 $15, 000  00 

Amoant  (estimated)  required  for  completion  of  existing  project.. .  Project  incomplete. 
Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June 
30,1878 30,000  00 

(See  Appendixes  FF  3  and  FF  12.) 

4.  Improvement  of  the  Umpqua  Biver^  Oregon. — No  additional  work 
has  been  accomplished  on  this  river  during  the  fiscal  year,  and  no  fur- 
ther ^ork  is  proposed. 

.  There  is  a  balance  of  $4,685.89  remaining  from  the  appropriation  of 
March  3,  1871. 

EXAMINATIONS  AND    SUEVEYS  FOE  IMPEOVEMENT. 

Major  Michler  was  charged  with  and  submitted,  to  this  office  reports 
upon  the  following,  for  which  provision  was  made  in  the  river  and  har- 
bor act  of  March  3,  1875 : 

1.  At  mouth  of  Nelmlem  River ^  Oregon. — (See  Appendix  F  F  6.) 

2.  Puyallup  River j  from  tJie  coal-mines  to  its  mouihj  Washington  Terri- 
tory.— (See  Appendix  FF  7.) 

3.  For  canal  to  connect  Shoalwater  Bay  with  the  Columbia  River. — (See 
Appendix  FF  8.) 

4.  Alsea  River  and  Bar^  Oregon. — (See  Appendix  FF  9.) 

Major  Wilson  has  also,  nnder  instructions  from  this  office,  submitted 
reports  upon  the  Puyallup  Eiver  and  the  canal  route  from  Shoalwater 
Bay  to  Columbia  Eiver.    (See  Appendixes  FF  13,  and  FF  14.) 

IMPEOVEMENT  AND  CAEE  OF  PUBLIC  BUILDINGS  AND 
,  GEOUNDS  IN  THE  DISTEICT  OF  COLUMBIA— WASHINGTON 
AQUEDUCT. 

Officer  in  charge.  Col.  O.  E.  Babcock,  Corps  of  Engineers. 

The  condition  of  the  public  reservations  in  the  city  of  Washington, 
and  of  the  aqueduct  for  supplying  the  cities  of  Washington  and  George- 
town with  water,  and  the  character  of  the  improvements  made  on  them 
during  the  fiscal  year,  will  be  found  in  the  detailed  report  of  the  officer 
in  charge. 

The  estimates  of  the  officer  in  charge  for  the  fiscal  year  ending  June 
30, 1878,  as  revised  in  this  office,  are  as  follows : 

For  uDproYement  and  care  of  pabho  baildings  and  gronnds (239, 050 

For  compensation  to  peroons  employed  on  and  around  public  buildings  and 

grounds 46,980 

For  contingent  and  incidental  expenses .- 2,000 

278, 030 
For  the  Washington  Aqueduct 349,500 

(See  Appendix  6G.) 

SURVEYS  AND  EXAMINATIONS  WITH  A  VIEW  TO  THE  IM- 
PROVEMENT OF  RIVERS  AND  HARBORS. 

For  examinations  and  surveys  of  rivers  and  harbors  and  for  incidental 
repairs  of  harbors,  for  which  there  is  no  special  appropriation,  an  appro- 
priation of  $150,000  should  be  made. 

SURVEY  OF  NORTHERN  A;ND  NORTHWESTERN  LAKES. 

OfiQcer  in  charge,  Maj.  G.  B.  Gomstock,  Corps  of  Engineers,  who  has 
under  his  immediate  orders  the  following  officers  of  the  Corps  of  Engl- 
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neera:  Gapt.  H.  M.  Adams,  First  Lieuts.  D.  W.  Lock  wood,  C.  P, 
Powell,  P.  M.  Price,  and  Second  Lieut.  T.  N.  Bailey;  and  the  fol- 
lowing principal  assistants  engineers :  O.  B.  Wheeler,  E.  S.  Wheeler,  G. 
Y.  Wisner,  A.  R.  Flint,  G.  A.  Marr,  J.  R.  Mayer,  A.  O.  Lamson,  F.  M. 
Towar,  'EL  S.  Woodward,  T.  W.  Wright,  Frederick  Terry,  and  Thomas 
Bassell. 

Progress  of  the  worJc  during  the  year. — The  triangulation,  topography, 
and  hydrography  of  Lake  Ontario  have  been  carried  from  Olcott  west 
to  the  Welland  Ganal,  completing  the  field-work. 

The  Surrey  of  the  Niagara  Biver  has  been  completed. 

On  Lake  Erie,  the  triangalation  has  been  carried  west  to  Westfield. 
The  topography  and  hydrography  have  been  carried  on  the  north  shore, 
west,  to  the  Welland  Canal,  and  on  the  south  shore,  west,  to  Ashtabula. 

Stations  have  been  erected  east  from  Michigan  City  as  far  as  Mongo, 
for  connecting  the  triangulations  of  Lakes  Michigan  and  Erie. 

Lines  of  levels  have  l^n  run  from  Albany  to  Oswego  and  from  Port 
Dalhousie  to  Port  Golbome. 

Determinations  of  latitude  and  longitude  have  been  made  at  10 
points  in  aid  of  State  surveys. 

A  chart  of  south  end  of  Lake  Michigan,  charts  Nos.  3,  4,  and  5  of  the 
Saint  Lawrence  Eiver,  and  a  chart  of  Sand  Beach  Harbor  of  Eefuge, 
Lake  Huron,  have  been  completed  during  the  year. 

During  the  coming  year,  should  the  appropriation  be  only  $100,000 
for  both  the  lakes  and  the  Mississippi  Eiver,  it  is  hoped  to  carry  the 
work  on  Lake  Erie  west  to  the  vicinity  of  Sandusky,  and  to  read  the 
angles  at  the  stations  already  erected  east  of  Michigan  City. 

During  the  last  and  the  preceding  fiscal  years  there  have  been  re- 
ceived at  the  War  Department,  through  the  Department  of  State,  a 
series  of  papers  containing  much  valuable  information  respecting  the 
methods  adopted  by  the  military  establishments  of  various  European 
governments  in  carrying  on  their  great  national  surveys.  These  papers 
have  been  sent  from  time  to  time  to  Major  Comstock,  (at  whose  request 
they  were  obtained,)  who  has  had  them  translated.  He  has  also  com- 
piled extracts  of  these  papers,  which  will,  no  doubt,  be  found  useful  in 
the  prosecution  of  the  public  surveys  of  the  United  States. 

Amonnt  expended  during  fiscal  year  1875-76 §137,571  13 

Amount  available  for  fiscal  year  1876-77 100, 000  00 

Amount  required  for  survey  of  northern  and  northwestern  lakes  and  Mis- 
sissippi River,  for  fiscal  year  ending  June  30, 1878,  namely,  for  continu- 
ing survey  of  Lake  Erie,  for  determination  of  points  in  aid  of  State 
surveys  and  construction  of  maps,  for  continuation  of  triangulation 
sooth  from  Chicago  and  east  to  connect  with  Lake  Erie,  for  the  survey 
of  the  Mississippi  River,  and  miscellaneoas 212, 000  00 

(See  Appendix  HH.) 

MILITARY,  GEOGRAPHICAL,  AND  LAKE-SURVEY   MAPS. 

The  preparation  and  en^aving  of  the  sheets  to  exhibit  the  positions 
of  the  troops  of  the  opposing  armies  on  the  1st,  2d,  and  3d  of  July, 
1863,  at  Gettysburg,  is  nearly  complete,  and  will  soon  be  ready  for  dis- 
tribntion.  It  ^as  expected  to  have  them  ready  during  the  fiscal  year 
JQSt  closed,  but  the  work  had  to  be  deferred  to  keep  open  the  opportu- 
iiity  to  add  valuable  information  whose  sources  have  only  recently  been 
reached. 
In  this  ofBce :  * 

Of  the  series  of  Atlanta  campaign  maps,  sheets  1  and  3  have  been 
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completed  and  printed,  aud  on  sheets  2  and  5  considerable  progress  has 
been  made. 

The  map  of  the  siege  of  Atlanta,  on  a  scale  of  2  inches  to  the 
mile,  has  been  completed  and  is  now  in  the  hands  of  the  photolithog- 
rapher. 

The  map  of  the  battlefield  of  Chickamauga  still  remains  in  an  nnfin- 
ished  state,  proofe  having  been  submitted  to  the  officers  commanding 
divisions  and  brigades  for  their  examination  and  correction. 

A  map  of  the  marches  of  the  forces  under  command  of  General  Sher- 
man in  1863,-'64,-'65;  also,  maps  of  the  battle-fields  of  Franklin,  Ten- 
nessee, and  South  Mountain,  Maryland,  have  been  reproduced  by  pho- 
tolithography to  replace  the  editions  of  these  maps  which  were  acci- 
dentally destroyed  by  fire  in  this  office  in  February,  1875. 

The  following  maps,  illustrating  the  operations  of  the  late  war,  have 
been  photolithographed  and  printed : 

Map  of  battle  of  Roanoke  Island. 

Map  of  battle  of  Dralnsville. 

Map  of  the  operations  of  the  Army  of  Virginia  under  General  Pope. 

Plan  of  Fort  Don^dson  and  outworks. 

Map  of  the  country  between  Forts  Henry  and  Donelson. 

Plan  of  Fort  Henry. 

Map  of  Port  Hudson  and  vicinity. 

Map  of  the  siege  operation  at  Spanish  Fort,  Mobile  Bay. 


Map  of  the  country  between  Miliken's  Bend  and  Jackson,  Mississippi. 


Map  of  the  battle-field  of  Island  No.  10  and  New  Madrid. 

Map  of  the  battle-iield  of  Belmont,  Missouri. 

Map  of  the  battle-field  of  Carnifex  Ferry,  Virginia. 

A  map  of  the  territory  of  the  United  States  west  of  the  Mississippi 
Biver,  on  a  scale  of  1:500,000,  has  been  commenced. 

The  military  map  of  the  United  States,  published  by  this  Department, 
has  been  revised  and  is  now  in  the  hands  of  the  engraver. 

A  large  map  of  the  United  States,  on  a  scale  of  1  inch  to  16  miles, 
has  been  prepared  and  forwarded  to  the  Centennial  .Exposition,  at  Phila- 
delphia. 

Thirty-two  maps  illustrating  a  reconnaissance  of  the  Mississippi 
Eiver  from  Cairo  to  New  Orleans  have  been  photolithographed  and 
printed. 

Sheets  1  and  3,  Department  of  Arizona,  by  Lieut.  J.  C.  Mallery,  Corps 
of  Engineers,  have  been  photolithographed  aud  printed. 

Sheet  jS'o.  3  of  the  map  of  the  Western  Territory,  by  Maj.  G.  L.  Gil- 
lespie, has  been  photolithographed  and  printed. 

A  map  showing  the  lines  of  communication  in  Southern  Colorado  and 
Kew  Mexico,  by  Lieut.  E.  H.  Euffner,  Corps  of  Engineers,  has  been 
X)hotolithograpbed  and  printed. 

A  map  of  a  reconnaissance  from  Carroll,  Montana,  to  the  Yellowstone 
Kational  Park,  and  a  map  of  Judith  Basin  and  of  the  Geyser  Basin,  by 
Capt.  William  Ludlow,  Corps  of  Engineers,  have  been  photolithographed 
and  printed. 

A  map  of  the  Yellowstone  and  Missouri  Rivers  and  their  tributaries, 
with  corrections  and  additions  made  under  the  direction  of  Maj.  G.  L. 
Gillespie,  is  now  in  the  hands  of  the  engraver. 

Lake  survey  charts  Nos.  1,  2,  and  3  of  the  Saint  Lawrence  Biver  have 
been  engraved  on  copper,  and  an  edition  of  each  has  been  printed. 
Chart  No.  4  has  been  photolithographed  and  an  edition  printed  for  a 
preliminary  in  advance  of  the  engraved  edition.    This  chart  is  now  in 
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the  hands  of  the  engraver.    Chart  No.  5  is  in  the  hands  of  the  photo- 
Hthograpber  for  a  preliminary  edition  before  engraving. 

A  lake-survey  chart  of  the  south  end  of  Lake  Michigan  has  been 
oompleted  and  is  now  in  the  hands  of  the  photolithographer  in  order 
that  a  preliminary  edition  may  be  printed. 

A  lake-survey  chart  of  Harbor  of  Befage  at  Sand  Beach,  Lake  Hu- 
ron, has  been  photolitographed,  and  an  edition  printed  in  advance  of  the 
engraved  edition.    The  chart  is  now  in  the  hands  of  the  engraver. 

A  lake- survey  chart  of  Niagara  Falls  has  been  photolithographed  and 
printed. 

Lake  Michigan  coast  chart  No.  5  has  been  completed,  and  is  now 
being  photolithographed  for  a  preliminary  edition,  after  which  the  chart 
will  be  engraved. 

GEOLOGICAL  EXPLORATION  OF  FORTIETH  PARALLEL. 

Mr.  Clarence  King,  United  States  civil  engineer,  in  charge. 

During  the  year  Mr.  King  and  his  assistants  have  been  in  office  en- 
gaged upon  the  final  preparation  of  his  report  with  its  illustrations  and 
atlas.    It  was  intended  that  volume  lY  should  consist  of  reports  on  mi- 
croscopic petrography  by  Dr.  Ferdinand  Zirkel,  on  Invertebrate  paleon- 
tology by  F.  B.  Meek,  on  paleozoic  moUusks  by  Messrs.  Hall  and  Whit- 
field, and  on  the  zoological  observations  made  during  the  survey  by 
Bobert  Bidgway,  which  would  make  altogether  a  quarto  volume  of 
about  900  pages  of  print,  but  for  convenience  it  has  been  determined, 
at  the  instance  of  Mr.  Ring,  to  print  the  reports  of  Messrs.  Meek,  Hall, 
and  Whitfield  and  Bidgway  in  volume  IV,  leaving  the  report  on  petrog- 
raphy by  Dr.  Zirkel  for  a  separate  volume  to  be  numbered  YI.    Yol- 
ume  lY  is  in  the  hands  of  the  Public  Printer ;  volume  YI  is  ready  for 
the  press,  and  tbe  illustrations  for  both  have  been  printed.    Yolume  II, 
embracing  the  geological  results  of  Mr.  King  and  of  his  assistants, 
Messrs.  Emmons  and  Hague,  has  been  completed  with  the  exception  of 
a  small  portion  of  the  final  chapter.    The  illusirations  to  accompany 
the  volume  have  been  drawn  on  stone,  and  before  the  printer  shall  have 
completed  volume  lY,  volume  II  will  be  ready  for  the  press.    Yolume 
I,  embodying  a  general  and  systematic  review  of  the  results  of  the 
geological  exploration  of  the  fortieth  parallel,  which  is  necessarily  the 
latest  of  the  series,  will  be  ready  for  the  printer  before  he  can  complete 
the  printing  of  volume  IL    The  illustrations  of  volume  I,  including 
series  of  geological  landscapes,  geological  maps  and  diagrams  illustrat- 
ing orography,  are  already  engraved  upon  stone  and  have  been  printed 
ready  tor  the  publication  of  this  volume. 

If  there  are  no  nnforseen  delays  the  printing  of  the  entire  series  of 
volumes,  Mr.  King  states,  will  be  completed  by  the  1st  of  January  next. 
A  general  atlas,  embracing  a  general  sketch-map  of  the  mountains 
within  the  United  States,  and  west  of  the  104th  meridian,  10  topographi- 
cal sheets  covering  the  area  of  this  exploration,  10  companion  geologi- 
cal sheets,  and  2  sheets  upon  which  are  shown  two  geological  sections, 
each  drawn  from  the  104th  to  the  120th  meridian  through  the  area  covered 
by  Mr.  King's  survey,  has  been  engraved  and  printed,  and  will  be  ready 
for  issae  as  soon  as  the  volumes  can  be  printed.  The  geological  sec- 
tions just  mentioned  are  through  a  belt  of  country  about  800  miles  long, 
and  are  among  the  longest  geological  sections  that  have  ever  been  made 
from  actual  field  observations. 

(See  Appendix  II.) 
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GEOGRAPHICAL    EXPLORATIONS   AND    SURVEYS    OF    THE 

ONE    HUNDREDTH   MERIDIAN. 

1 

OflBcer  in  charge,  First  Lieut.  George  M.  Wheeler,  Corps  of  Engineers, 
having  under  his  orders  First  Lieuts.  William  L.  Marshall  and  Eric 
Bergland,  Corps  of  Engineers ;  First  Xiieuts.  William  L.  Carpenter,  Ninth 
Infantry ;  Kogers  Bimie,  jr.,  Thirteenth  Infantry :  C.  C.  Morrison,  Sixth 
Cavalry;  C.  W.  Whipple,  Ordnance  Corps;  and  Second  Lieut.  M.  M. 
Macomb,  Fourth  Artillery ;  Acting  Assistant  Surgeons  H.  C.  Yarrow  and 
J.  T.  Eothrock,  United  States  Army,  who,  in  addition  to  their  profes- 
sional duties,  were  engaged  in  zoological  and  botanical  labors. 

The  following  scientists  have  also  been  attached  to  the  expedition  of 
the  past  year :  Dr.'  F.  Kampf,  astronomical  observer ;  Messrs.  Jules 
Marcou,  A.  E.  Conkling,  and  D.  A.  Joy,  geologists  5  Dr.  O.  Loew,  min- 
eralogist, and  Prof.  F.  W.  Putnam,  ethnologist. 

At  the  commencement  of  the  fiscal  year  the  main  sections  of  the  sur- 
vey were  engaged  in  their  field  of  operations,  having  left  the  rendezvous 
at  Pueblo,  Colo.,  and  Los  Angeles,  Cal.,  in  the  prosecution  of  their  labors 
of  former  years  in  areas  as  shown  by  portions  of  Atlas  sheets  Nos.  6Ie, 
61  d,  66,  72,  73,  74,  77a,  77  B,  78a  and  80a.  (See  progress  map  in  Ap- 
pendix JJ.) 

The  astronomical  determinations  of  the  year  were  confined  to  those 
needed  to  check  the  several  lines  of  meander  within  the  immediate  field 
of  survey. 

The  several  parties  were  disbanded  at  Caliente,  Cal.,  the  then  ter- 
minus of  the  Southern  Pacific  Railroad,  and  at  West  Las  Animas,  Colo., 
at  the  close  of  the  field  season  in  November  and*  December,  a  number 
of  the  assistants  repairing  to  Washington  to  prepare  in  the  ensuing 
months  the  practical  results,  and  at  which  point  a  small  force  of  draughts- 
men and  computers  was  kept  constantly  employed  in  the  reduction  of 
field-notes  and  the  production  of  finished  maps. 

A  report  of  the  special  party  intrusted  to  Lieutenant  Bergland,  Corps 
of  Engineers,  to  determine  as  to  the  feasibility  of  the  diversion  of  the 
Colorc^o  River  of  the  West,  for  purposes  of  irrigation,  at  or  below  the 
mouth  of  the  Lower  Grand  Canon,  has  been  submitted.  Examinations 
were  made  at  such  points  as  it  was  practicable  for  the  party  to  reach  in 
the  seasons  of  labor  available,  and  data  bearing  upon  the  physical  fea- 
tures of  the  outlying  mountainous  sections,  with  their  several  passes, 
are  contained  in  the  report,  which  also  includes  a  discussion  of  practica- 
bility of  the  diversion  of  this  stream. 

Of  the  six  quarto  volumes  authorized  to  be  published  by  the  act  of 
June  3,  1874,  as  amended  by  the  act  approved  February  15, 1875,  two 
volumes,  namely.  III  (Geology)  and  V  (Zoology)  have  been  printed,  as 
well  as  part  1  of  volume  lY,  (Invertebrate  Fossils.)  The  manuscript  of 
volume  II  (Astronomy  and  Meteorology,  including  Barometric  Alti- 
tudes) and  the  second  part  of  volume  IV  is  ready,  while  that  for  vol- 
umes VI  (Botany)  and  VII  (Ethnology,  Philology,  and  Ruins)  is  in  an 
advanced  stage  of  preparation,  as  well  as  volume  I,  (Geographical 
Report.)  The  manuscript  of  The  Declination  of  2,018  Stars,  by  Prof. 
T.  H.  Safford}  has  also  been  completed.  Seven  published  sheets 
have  been  added  to  the  topographical  atlas,  and  others  are  completed 
and  in  various  stages  of  progress.  Six  geological-atlas  sheets  have 
been  published,  and  three  are  now  ready  for,  or  in  the  hands  of,  the 
engraver. 

The  results  determined  by  the  several  scientists  connected  with  the 
investigation  of  the  subjects  of  natural  history  are,  in  addition  to  the 
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results  primarily  intended  to  exhibit  the  operations  of  the  survey, 
nAmely,  the  preparation  of  a  detailed  map  of  the  sections  entered,  witk 
a  description  and  delineation,  so  far  as  practicable,  of  their  natural  re- 
soorces,  and  showing  the  distribation  of  the  arable  and  arid  portions, 
the  former  divisible  into  those  sections  which  are  susceptible  of  cultiva- 
tion, those  in  which  irrigation  can  be  had,  and  into  mining,  timber,  and 
grazing  sections,  the  latter  entirely  valueless  at  the  present  or  any  near 
prospective  date,  for  occupation  or  use  in  any  remunerative  capacity 
from  such  industry  that  is  likely  to  venture  within  its  borders. 

The  topographical  maps,  that  have  been  prepared  upon  scales  as  fol- 
lows :  1  inch  to  8  miles,  1  inch  to  4  miles,  and  1  inch  to  2  miles — forming 
the  principal  results  of  the  survey,  furnish  information  of  immediate  value 
to  the  different  branches  of  the  military  service,  and  incidentally  to  the 
other  departments  of  the  Government  and  to  the  public. 

The  regular  progress  of  this  important  work  without  interruption,  it 
is  believed,  will  commend  itself  to  the  attention  of  Congress,  and  it  is 
earnestly  recommended. 

The  amounts  required  to  continue  the  survey,  as  estimated  by  Lieu- 
tenant Wheeler,  are  recommended,  viz : 

For  oontiDtiiDg  geographical  snrveys  of  the  torritory  of  the  United  States 
'west  of  the  100th  meridian $95,000  00 

For  preparing  and  engraring  plates  and  atlas  sheets  aocompanying  reports 
upon  geographioal  surreys  west  of  the  100th  meridian 25, 000  00 

His  annual  report,  with  appendixes  and  estimates,  is  appended. 
(See  Apx>endix  J  J.) 

RECONNAISSANCES  AND  EXPLORATIONS. 

There  are  at  nearly  all  the  headquarters  of  the  four  military  divisions 
and  the  nine  military  departments  officers  of  engineers,  whose  chief  duty 
it  is  to  collect  geographical  and  other  information,  and  these  officers'  do, 
by  means  of  their  own  explorations  and  surveys,  and  by  collecting  the 
notes,  sketches,  and  maps  made  by  the  officers  and  soldiers  belonging 
to  the  western  posts,  in  their  scouts  and  campaigns,  add  much,  year  by 
year,  to  the  knowledge  of  the  interior  of  the  country,  which  is  not  only 
essential  to  the  generals  in  command  of  these  departments  and  divisions, 
bat  useful  to  the  country  generally. 

By  reason  of  the  failure  of  the  appropriation  asked  for  by  this  Depart- 
ment to  defray  the  expenses  of  the  surveys  designed  to  be  made  by  these 
engineer  officers  in  the  current  fiscal  year,  the  persons  employed  have 
been  discharged,  and  there  are  no  means  whatever  available  for  the  fur- 
ther prosecution  of  their  surveys,  which  have  produced  in  the  last  two 
years,  and  in  most  of  the  divisions  and  departments  west  of  the  Missis- 
sippi Biver,  gratifying  and  useful  results  in  the  shape  of  reports  and 
maps.  Keither  are  there  any  funds  available  for  the  purchase  and  re- 
pair of  instruments  used  in  the  field ;  for  the  purchase  and  repair  of  the 
office  instruments,  drawing-paper,  &c.,  required  in  the  preparation  of 
maps  from  data  now  in  this  office  and  in  the  offices  of  the  division  and 
department  engineers ;  for  the  pay  of  draughtsmen,  or  for  the  expenses 
attending  the  printing  of  maps  for  distribution  to  the  Army  and  the 
eoontry.  On  account  of  the  unsettled  condition  of  the  Territories 
ineladed  in  the  western  divisions  and^  departments,  it  is  especially 
desirable  that  the  surveys  by  the  engineer  officers  of  these  divisions  and 
departments  shall  be  continued,  that  the  new  data  now  available  shall 
be  added  to  the  existing  maps,  and  that  the  maps,  which  at  the  saspen- 
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fiion  of  the  work  were  nearly  ready,  and  those  which  can  be  prepared 
within  the  next  fiscal  year,  shall  be  printed. 

The  appropriation  necessary  for  the  purpose,  an  estimate  for  which  is 
incladed  in  tiie  annual  estimates,  is  urgently  recommended. 

The  officers  who  have  been  thus  serving  the  last  fiscal  year,  are  Maj. 
O.  M.  Poe,  aid*de-camp  (with  the  rank  of  colonel)  to  the  General  of  the 
Army ;  Maj.  G.  L.  Gillespie,  at  the  headquarters  of  the  Division  of  the 
Missouri ;  Oapt  William  Ludlow,  at  the  headquarters  Department  of 
Dakota  till  May  9,  and  Lieut.  Edward  Maguire  since  that  date ;  Oapk 
W.  S.  Stanton,  at  headquarters  Department  of  the  Platte ;  Lieut.  E.  H. 
Buffher,  ^t  headquarters  Department  of  Missouri ;  and  Lieut.  J.  G. 
Mallery,  at  headquarters  Division  of  the  Pacific  and  Department  of 
Galifomia. 

During  the  last  fiscal  year  there  have  been  distributed  by  Maj.  H.  L. 
Abbot,  from  the  engineer  depot  at  Willet's  Point,  to  officers  engaged  in 
surveys,  an  aggregate  of  88  instruments. 

(See  Appendix  KK.) 

Gol.  O.  M.  Poe,  A.  D.  G.,  major  of  engineers,  &c.,  on  duty  at  the 
headquarters  of  the  Army,  has  supervised  the  compilation  of  a  map  of 
the  Department  of  Texas,  and  a  series  of  maps  illustrating  the  cam- 
paigns of  the  army  commanded  by  General  Sherman  in  1864-^65 ;  and 
has  also  purchased  and  distribated  to  military  divisions  and  depart- 
ments such  prismatic  compasses,  odometers,  and  drawing-instruments 
as  were  required  to  fill  requisitions  made  upon  him  from  time  to  time. 
His  report  is  appended  hereto. 

(See  Appendix  LL.) 

Maj.  George  L.  Gillespie,  on  duty  with  the  Lieutenant-General,  com- 
manding the  Division  of  the  Missouri,  reports  that  the  limited  number 
of  itineraries  of  scouts  received  at  his  office  during  the  year  has  not 
permitted  any  great  or  specially  important  changes  to  be  made  in  exist- 
ing maps  of  the  Western  Territories.  Sheets  Nos.  2  and  3,  of  the  map 
of  Western  Territories,  have  been  completed ;  the  former  is  ready  to  be 
printed,  and  the  latter  has  been  photolithographed  in  the  office  of  the 
Chief  of  Engineers,  and  issued  to  the  troops  in  the  field.  Sheet  Ko.  4, 
of  the  same  map,  is  still  in  coarse  of  preparation.  A  few  important 
additions  have  been  made  to  the  Kansas,  Texas,  and  Indian  Territory 
map.  Tracings  of  the  following  reservations  and  plans  of  posts  were 
made :  Oamp  Hobinson^ebraska ;  Oamp  Sheridan,  Nebraska ;  Sidney 
Barracks,  Nebraska^  Fort  Hartsuff,  Nebraska;  Cheyenne  Agency, 
Dakota;  San  Antonio,  Texas;  Camp  Douglas,  Utah;  Cantonment  on 
the  Sweetwater,  Texas,  and  Fort  Union,  New  Mexico.  The  book  "  Out- 
line Description  of  the  Posts  in  the  Military  Division  of  the  Missouri," 
complete  with  map  and  plates,  has  been  printed.  A  history  of  the  sev- 
eral military  posts  and  reservations  of  the  Military  Division  of  the  Mis- 
souri, comprising  the  date  of  their  declaration,  their  extent,  and  circum- 
stances of  their  establishment,  has  been  prepared  for  the  office  files  of 
the  division  headquarters.  Many  tracings  of  sketches  of  scouts,  possess- 
ing no  topographical  significance,  have  been  made  to  complete  the  files 
of  the  Adjutant-General's  Office.  Disbursements  for  the  engineer  office 
at  headquarters  Department  of  Texas  have  been  made  by  Major  Gil- 
lespie. 

Amount  fiequired  for  surveys  for  the  fiscal  year  ending  June  30. 1878,  to  be 
expended  under  the  direction  of  the  engineer  officer  at  headquarters  of 
the  Division  of  the  Missouri (6,000  00 

(See  Appendix  MM.) 
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In  the  Department  of  Dakota,  Gapt.  William  Lndlow  was  on  the 
staff  of  the  general  commanding  until  the  9th  of  May,  when  he  was 
lelieTed  by  Lieut.  Edward  Maguire.  At  the  beginning  of  the  fiscal 
year  Captain  Lndlow  was  engaged  upon  a  reconnaissance  of  the  Car- 
roll road,  a  newly  opened  ireight-route  extending  from  Carroll,  on  the 
Upper  Missouri,  throngh  the  Judith  BasiD,  to  Camp  Baker,  and  thence 
to  Helena,  Mont. :  an  examination  of  the  rentes  from  the  north  into 
tiie  Yellowstone  JPark,  and  an  astronomical  determination  of  the  po- 
sitions of  the  military  posts  in  Montana.  A  report  of  the  reconnais- 
sance, accompanied  by  reports  of  Messrs.  George  Bird  Grinnell  and 
Edward  S.  Dana,  of  Yale  College,  on  the  zoology  and  geology  of  the 
region  explored,  with  descriptions  of  new  foss&s  by  K.  P.  Whitfield, 
and  report  of  Lieut.  B.  E.  Thompson,  Sixth  Infantry,  has  been  received 
and  wUl  be  found  in  Appendix  17K. 

On  the  9th  of  May  Lieutenant  Maguire  relieved  Captain  Ludlow  and 
immediately  proceeded  as  engineer  officer  of  the  command  which  was 
to  take  the  field  against  the  hostile  Sioux.  Lieutenant  Maguire's  re- 
port of  the  march  preceding  the  battle  of  the  Little  Big  Horn  on  the 

25th  and  26th  of  June,  with  a  plan  of  the  battle-field,  is  appended. 

(See  Appendix  OO.) 

Capt.  W.  S.  Stanton,  on  duty  with  the  general  commanding  the  De- 
partment of  the  Platte,  was  engaged  in  such  surveys  in  the  field  and 
office-work  as  could  be  done  with  the  limited  assistance  which  could  be 
famished  him  with  the  small  amount  of  money  available  for  the  pur- 
pose. The  field-work  comprised  a  reconnaissance  of  a  route  for 
Indian  supplies  from  Cheyenne,  Wyo.,  to  Bed  Cloud  agency;  a 
reconnaissance  with  the  Big  Horn  and  Yellowstone  expedition  of  the 
last  season  under  General  Crook,  and  the  inspection  of  the  construction 
of  a  wrought-iron  bridge  over  the  North  Platte  Eiver  at  Fort  Laramie, 
fall  reports  of  which  will  be  found  in  Captain  Stanton's  detailed  report 

In  the  year  ending  the  30th  of  June,  1876,  Captain  Stanton  had  made 
591  miles  of  reconnaissance  with  odometers,  in  addition  to  61  miles  of 
recoDoaissance  on  horseback.  During  the  year,  270  maps  and  60  printed 
reports  of  explorations  and  reconnaissances  with  maps  have  been  issued. 
The  following  is  part  of  the  work  which  should  be  executed  in  ttie  De- 
partment of  the  Platte  during  the  field  season  of  1877,  and  it  is  earnestly 
hoped  that  Congress  will  provide  the  necessary  means  therefor. 

To  complete  the  measurement  and  reconnaissance  of  all  the  routes  in 
the  department ;  to  make  a  reconnaissance  of  a  route  from  Grand  Island, 
Nebraska,  on  the  Union  Pacific  Eailroad,  via  Fort  Hartsuff  and  Camp 
Sheridan  to  the  Black  Hills,  and  also  of  the  routes  from  the  Black 
Hills  to  Camp  Bobinson  and  Fort  Laramie ;  to  reconnoiter  a  shorter 
route  from  the  railroad  to  Fort  Fetterman,  and  from  the  railroad  to 
Camps  Brown  and  Stambaugh ;  and  to  determine  the  position  of  many 
of  the  posts  in  the  department  for  which  a  zenith  telescope  and  astro- 
nomical transit  are  needed. 

A  part  of  this  work  was  begun  on  returning  from  the  expedition  after 
the  close  of  the  fiscal  year  aud  S05  miles  of  the  routes  surveyed,  in  addi- 
tion to  the  three  reservations,  when  it  was  stopped  by  the  necessity  of 
discharging  Captain  Stanton's  assistant  for  want  of  any  appropriation 
whatever  for  his  pay,  or  for  the  work. 

Daring  the  year  the  procurement  from  the  General  Land  Office, 
throngh  the  office  of  the  Chief  of  Engineers,  of  the  maps  and  manu- 
script notes  of  all  the  State  aud  Territorial  boundary  surveys  thus  far 
made  within  the  department,  has  been  progressing,  and  they  are  now 
nearly  all  in  Captain  Stanton's  possession.    It  now  remains  to  procure 
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copies  of  all  the  township  plats  which  have  been  surveyed  in  Nebraska, 
Wyoming,  and  Utah,  when,  with  them,  the  boundary  snrveys  and  the 
reconnaissances  and  determinations  of  posts  proposed,  an  extensive 
revision  and  improvement  in  the  maps  of  the  department  can  be  made. 
There  being  no  money  whatever  applicable  to  it,  this  work  is  now  en- 
tirely suspended  and  must  continue  so  until  further  appropriations. 

(See  Appendix  PP.) 

During  the  past  year  Lieut.  E.  H.  Ruffner  has  been  on  duty  as  engineer 
officer  on  the  staff  of  the  general  commanding  the  Department  of  the 
Missouri.  He  has  been  employed  in  working  up  material  on  hand 
toward  the  completion  of  the  map  of  the  Department ;  an  atlas  of  detail- 
sheets  of  the  reconnaissance  in  the  Ute  country,  46  in  number,  and  two 
other  illustrative  sketches  have  been  completed  and  forwarded  to  the 
Engineer  Bureau. 

A  report  on  communications  between  Northern  New  Mexico  and 
Southern  Colorado  was  made,  accompanied  by  a  general  map  and  an 
atlas  of  14  sheets  of  detail  of  a  survey  for  a  wagon-road  from  Fort  Gar- 
land to  Fort  Wingate,  New  Mexico.  It  was  printed  in  House  Executive 
Document  No.  172,  Forty-fourth  Congress,  first  session. 

The  usual  number  of  maps  have  been  issued,  and  a  map  of  the  Indian 
Territory,  in  4  sections,  has  been  completed,  printed,  and  issued. 

There  has  been  but  little  field-work  done  in  the  Department  of  the 
Missouri  during  (he  last  fiscal  year  for  want  of  lunds,  the  assistance  of 
Lieutenant  Buffner  having  been  limited  to  the  services  of  one  draughts- 
man, who  has  since  been  discharged,  there  being  no  appropriation  from 
which  he  could  continue  to  be  paid.  The  valuable  results  which  have 
heretofore  been  received  from  that  department  will  therefore  be  inter- 
rupted till  further  appropriations  by  Congress  for  surveys  by  the  engineer 
officers  at  the  various  headquarters  of  divisions  and  departments. 

The  most  important  survey  during  the  year  was  at  the  sources  of  the 
Bed  Elver  of  Texas,  which  has  just  been  completed.  A  report  will  be 
prepared  of  this,  giving  the  usual  natural  history,  geological,  and  mete- 
orological descriptions. 

In  addition  to  his  other  duties,  Lieutenant  Buffner  has  completed  the 
military  road  from  Santa  F6  to  Fernandez  de  Taos,  N.  Mex.,  under  a 
special  appropriation  by  Congress,  and  recommends  the  extension  of 
the  route  to  Fort  Garland,  Colo.,  where  connection  will  be  made  with 
railroad  communication. 

Amoant  available  for  snrveys  at  the  end  of  year  for  next  fiscal  year 

Amonnt  required  for  snrveys  in  the  Department  of  the  Missonri,  for  the 
fiscal  year  ISTT-'TS,  to  be  expended  by  the  engineer  officer  of  the  de- 
partment        85,000  00 

Amoant  on  hand,  military  road  Santa  F^  to  Ferandez  de  Taos,  N.  Mex. . .  595  35 

Amount  required  to  complete  the  road  from  Taos  to  Fort  Garland 10, 000  00 

(See  Appendix  QQ.) 

Lieut.  J.  C.  Mallery,  at  the  headquarters  Military  Division  of  the 
Pacific,  reports  that  he  made,  during  the  year,  a  survey  of  the  sources 
of  water-supply  for  Camp  Halleck,  Nevada,  and  a  report,  map,  and 
estimates  were  prepared  for'  the  action  of  the  major-general  command- 
ing. I.  W.  Ward,  assistant  and  draughtsman,  in  obedience  to  a  division 
order,  mad^  a  reconnaissance  of  the  trail  from  Areata,  Cal.,  to  Camp 
Gaston,  Cal.  The  military  reservations  of  Camps  McDowell,  Verde,  and 
Apache,  Arizona  Territory,  have  been  surveyed  by  Lieut.  E.  D.  Thomas, 
5th  Cavalry,  acting  engineer  officer  Department  of  Arizona.  Lieuten- 
ant Thomas  has  also  been  engaged  in  locating  and  constructing  roads 
in  Arizona.    The  roads  from  Black  Canon  to  Bowie's  Banch,  Aqua  Fria 


REPORT   OF   THE   CHIEF  OF   ENGINEERS.  125 

Valley,  and  from  Prescott  to  Skall  Valley,  over  the  Sierra  Prifeta  Mouat- 
aiDs,  were  completed.  The  former  road  is  55^  miles  in  length,  and 
shortens  the  distance  from  Prescott  to  Gamp  McDowell  18  miles.  The 
latter  road  diminishes  the  distance  from  the  southern  part  of  the  terri- 
tory 19^  miles.  Lieutenant  Mallery  states  that  the  acting  engineer 
officers  of  the  Departments  of  Arizona  and  the  Columbia  made  no  reports 
to  his  office,  and  all  that  is  known  of  what  is  done  in  those  depart- 
ments was  gathered  from  such  communications  as  were  referred  while 
being  forwarded.  Lieut.  George  Wilson,  12th  Infantry,  made  a  re- 
connaissance of  the  Trinity  and  Klamath  Elvers  from  Camp  Gaston, 
Cal.,  to  the  ocean.  Sheets  Nos.  1  and  3,  map  of  the  Department  of 
Arizona,  have  been  revised  and  redrawn.  They  have  been  photolitho- 
graphed  in  Washington,  by  authority  of  the  Chief  of  Engineers.  Sheet 
No.  2  has  been  partly  redrawn.  Sheets  "Nos.  4,  5,  and  6  have  been  pro- 
jected and  are  well  advanced.  A  map  of  the  Department  of  California 
has  been  drawn  and  photographed  in  Lieutenant  Mallery's  office,  and  a 
map  of  the  military  division  of  the  Pacific,  on  a  scale  of  jp^hosi^y  ^^  ^^ 
course  of  projection.    The  following  is  a  summary  of  the  omce-work : 

NmnbttT  of  maps  projected  and  drawn 9 

Knmber  of  maps  traced s. 17 

Number  of  photoffraphio  printsof  maps 597 

Number  of  field  sketches  of  routes  of  march 20 

Number  of  plans  of  buUdings  drawn 10 

(See  Appendix  BB.) 

ESTIMATES  FOB  AMOUNTS  BEQUIBED  FOB  MILITABY  AND  GEOaBAPH- 
IGAL  SUBYETS,  EXPLGBATIONS,  AND  BEOONNAISSANOES. 

For  military  surveys  and  reconnaissances  by  the  engineer  officers 
attached  to  the  various  headquarters  of  military  divisions  and  depart- 
ments, and  for  the  construction  and  publication  of  maps  for  use  of  the 
War  Department  and  the  Army,  $50,000  will  be  required. 

For  geographical  surveys  of  the  territory  of  the  United  States  west 
of  the  100th  meridian,  there  will  be  required  for  field  and  office  work 
$95,000,  and  for  preparing,  engraving,  and  printing  of  plates  and 
atlas-sheets  $25,000. 

OFFICE    OF   THE    CHIEF    OF   ENGINEEBS. 

In  the  labors  of  the  office  I  was  assisted,  on  the  30th  of  June,  by 
the  following  officers,  in  charge  of  the  several  divisions : 

FiBST  AND  SECOND  DIVISIONS. — ForUficationSy  battaliofij  and  engineer 
depatylandSy  armaments^  personnely  &c.y  Lieut.  Gol.  Thomas  L.  Casey. 

TmsD  DIVISION. — River  and  narhor  improvements^  Jcc.^  Maj.  John  G. 
Parke. 

FouBTH  AND  FIFTH  DIVISIONS. — Property  j  accounts  J  estimates  jfunds^ 
survey  of  the  laJceSy  explarationSj  maps,  instruments.  &o..  Maj.  George  H. 
Elliot. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHBEYS, 

Brig,  Oen,y  Chief  of  Engineers^ 

Commanding  Corps  of  Engineers. 

Hon.  J.  D.  Cahebon, 

Secretary  of  War. 
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FORTY-FOURTH  CONGRESS,  FIRST  SESSION,  1875-76. 


CHAP.  50. — An  act  to  saapend  the  aale  of  the  Jail  on  Jndielaiy  Square  and  for  other     April  10, 1876. 

parpuaes.  


Be  it  enaeied  hy  the  Senate  and  House  of  Representatives  of  the  United  States    Sale  of  Jail  on 
of  America  in  Congress  assembled.  That  the  Chief  Engineer  of  the  Army  Judiciary  Square 
be  and  he  is  hereby  directed  to  saspend  the  sale  of  the  jail  on  Judiciary  8^P«»»ded. 
Sqaaie  in  the  city  of  Washington,  and  that  the  same  be  tnrned  over  to 
the  aw  of  the  anthorities  of  the  District  of  Columbia,  temporarily  or    Use  of  Jail, 
ntittl  other  jail  facilities  are  provided,  and  that  it  shall  be  lawful  for  the 
courts  of  said  District  of  Columbia  to  order  the  confinement  of  prisoners 
therein. 

Approved,  April  10, 1876. 


CHAP.  53.— An  act  donatini;  the  iDilltarv  road  muoing  from  Astoria,  Orfgon,  to  Sa-     April  11, 1876. 
lem.  in  that  State,  to  the  several  comities  through  which  it  passes.  _ 


Be  it  enaeied  hy  the  Senate  and  House  of  Bepresentatives  of  the  United  States    Military    road 
of  America  in  Congress  assembled^  That  the  military  road  from  Astoria  to  fh>in  Astoria  to 
Salem,  in  the  State  of  Oregon,  constructed  under  the  following  acts  of  ?^^°^v,  Oi^Sod> 
Congress,  to  wit,  acts  approved  February  seventeenth,  eighteen  hundred  S^*      *®  ^^^' 
and  fifty-five;  March  second,  eighteen  hundred  and  mty-seven;  and 
Jone  fourteenth,  eighteen  hundr^  and  fifty-eight,  be,  and  the  same  i^stat  (S^ 
hereby,  donated  to  the  several  counties  in  said  State  through  which  it    isfz,  ch.  61,  il 
runs,  to  wit,  Clatsop,  Washington,  Yam  Hill,  and  Polk,  to  each  such  Sut,  168. 
portion  as  runs  through  it;  said  counties  hereafter  to  own  and  control  ^  ^?^Vo7'  ^^^'  ^^ 
the  same;  and  such  road  is  hereby  abandoned  as  a  military  road,  ' 

Apprsved,  April  11, 1876. 

CHAP.  83.— An  act  to  relinquish  the  intereets  of  the  TTnited  Statea  in  certain  lands      May  9  1876 
to  the  city  and  county  of  San  Francisco,  in  the  State  of  California.  ' 

Be  it  enacted  by  the  Senate  and  House  of  Bepresentatives  of  the  United  States   Part  of  Presidio 
efJmuriea  in  Congress  assemhledy  That  all  the  right  and  title  of  the  ^^^^aei^t^tion  relin- 

United  States  to  the  following-described  portion  of  the  military  reser- J^^^^^co***  ^*" 
vation  known  as  the  Presidio,  or  Fort  Point  reservation,  situated  in  the 
eity  and  county  of  San  Francisco,  State  of  California,  be,  and  the  same 
are  hereby,  relinquished  to  the  said  city  and  county,  and  its  successors, 
assigns,  and  vendees,  for  the  benefit  of  persons  who,  if  the  said  land  had 
not  been  reserved  for  pnblic  use,  would  have  been  entitled  thereto  under 
the  ordinances  numbered  eight  hundred,  of  the  city  of  San  lYaucisco, 
ratified  by  act  of  the  legislature  of  said  State,  approved  on  the  twenty- 
seventh  day  of  March,  eighteen  hundred  and  sixty-eight,  entitled  ''An 
set  to  confirm  a  certain  order  passed  by  the  board  of  supervisors  of  the 
rity  of  San  Francisco,"  relating  to  these  premises,  and  being  more 
particularly  described   as  follows:  Commencing   at  the  southeasteriy    Description, 
corner  of  the  said  Presidio,  or  Fort  Point  reservation,  and  thence 
nmoiog  in  a  direct  line  due  north  to  the  shore-line  of  the  Bay  of  San 
Francisco;  thence  westerly  along  the  said  shore-line  to  a  point  eighty 
9£ 
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Streets. 
Proviso. 
Proviso. 


feet  west  of  tbe  easterly  line  of  the  said  Presidio,  or  Fort  Point  reser- 
vation, as  established  by  the  United  6tate.4  authorities,  said  eighty 
feet  being  relinquished  for  a  public  hiehway,  or  street,  named  Lyon 
street ;  tbenoe  southerly  to  a  point  on  uie  southerly  line  of  said  reser- 
vation, where  the  west  line  of  Lyon  street  intersects  said  line;  thence 
easterly  to  the  point  of  commencement,  td  conform  as  near  as  pos- 
sible to  the  plan  of  the  city-map  of  streets  of  San  Francisco  outside  of 
reservation,  said  plan  being  now  on  file  in  the  office  of  the  War  Depart- 
ment of  the  city  of  Washington:  Providedf  That  Lyon  street  shall  be 
extended  to  the  Bay  of  San  Francisco  eighty  feet  wide,  and  is  hereby 
dedicated  for  a  public  highway  and  street  forever :  Provided  further^  That 
Broadway,  Vallejo,  Green,  Union,  Filbert,  Greenwich,  Lombard,  Chest- 
nut, Francisco,  Bay,  North  Point,  Jeffersoui  Tonquin,  and  Lewis  streets 
as  laid  down  on  the  official  map  of  tbe  city  and  county  of  Sau  Francisco, 
be  extended  westerly  to  intersect  the  easterly  line  of  Lyon  street  as 
herein  provided,  be,  and  are  hereby,  dedicat-ed  as  public  highways  and 
streets  forever. 
Approved,  May  9, 1876. 


June  30, 1876.     CHAP.  135. — An  act  making  appropriations  fur  fortifications  and  for  other  works 

of  defense,  and  for  the  armament  thereof,  for  the  fiscal  year  ending  June  thirtieth, 

eighteen  hundred  aad  seven  ty-seven,  and  fur  other  purposes. 

Appropriation.  Be  it  enacted  by  the  Senate  and  House  of  Bepresentatives  of  the  United  Slates 
of  America  in  Congress  assembledf  That  the  sum  of  one  hundred  thousand 
dollars  be,  and  the  same  is  hereby,  appropriated,  out  of  any  money  in  the 
Treasury  not  otherwise  appropriated,  for  the  protection,  preservation, 
and  repair  of  fortifications  and  other  works  of  defense,  for  the  fiscal  year 
fii^Sonik  ending  June  thirtieth;  eighteen  hundred  and  seventy-seven  ;  the  same 

to  be  expended  under  the  direction  of  the  Secretary  of  War;  also  the 
following  for  armament  of  fortifications,  namely : 

For  the  armament  of  sea-coast  fortifications,  including  heavy  guns, 

of  Gatling  guns,  and  howitzers  for  flank  defense,  carriages,  projectiles, 

fuzes,  powder  and  implements,  their  trial  and  proof,  and  all  necessary 

expenses  incident  thereto,  one  hundred  and  sixty-five  thousand  dollars. 

For  torpedoes  for  harbor  defenses,  and  preservation  of  the  same,  and 
for  torpedo  experiments  in  their  application  to  harbor  and  land  defense, 
and  for  instruction  of  engineer  battalion  in  their  preparation  and  appli- 
cation, fifly  thousand  dollars :  Proffidedj  That  the  money  herein  appro- 
priated for  torpedoes  shall  only  be  used  in  the  establishment  and  main- 
tenance of  torpedoes  to  be  operated  from  shore-stations  for  the  destruc- 
tion of  an  enemy's  vessel  approaching  the  shore  or  entering  tbe  channel 
and  fairways  of  harbors. 

Approved,  June  20, 1876. 


Armament 
fortifications. 


Torpedoes. 


Proviso. 


Use  of  unex- 
pended balances 
of  year  1876,  dur- 
ing ten  days  from 
June  30, 1876. 

Pott  pp.  78,  95, 
182, 131, 168. 


June  30, 1876.     CHAP.  157.— An  act  to  provide  temporarily  for  the  expenditures  of  the  Government. 

Be  it  enacted  by  the  Senate  and  House  of  Sepresentalives  of  the  United  States 
of  America  in  Congress  assenibledj  That  for  a  period  not  exceeding  ten 
days  from  and  after  the  thirtieth  da;r  of  June,  eighteen  hundred  and  sev- 
enty-six, unless  the  regular  appropriations  snail  have  been  previously- 
made  for  the  service  of  the  fiscal  year  ending  the  thirtieth  day  of  June, 
eighteen  hundred  and  seventy-seven,  it  shfSl  be  lawful  to  use  for  the 
neccssa^  service  of  the  Government,  any  unexpended  balance  which  may 
exist  of  the  appropriations  made  for  the  service  of  the  fiscal  year  end- 
ing June  thirtieth,  eighteen  hundred  and  seventy-six ;  and  in  case  no 
sufficient  balance  remains  at  the  conclusion  of  the  fiscal  3'ear  ending 
June  thirtieth,  eighteen  hundred  and  seventy  six  to  the  credit  of  any 
appropriation,  the  necessary  amount  is  hereby  appropriated  out  of  any 
money  in  the  Treasury  not  otherwise  appropriated,  and  no  greater  amount 
shall  be  expended  under  this  act  than  such  proportional  sum  of  the  ap- 
propriations  of  the  fiscal  year  ending  June  thirtieth,  eighteen  hundred 
and  seventy-six,  as  ten  days  time  bears  to  the  whole  of  said  fibcal  year 
and  such  expenditure  shall  be  only  for  tbe  neceEeaiy  chelations  ot  tli 
Government  under  existing  laws.  All  sums  expended  under  this  act 
shall  be  charged  to,  and  be  deducted  from,  the  appropriations  for  like 
service  for  the  fiscal  year  ending  June  thirtieth,  eighteen  hundred  anil 
seventy-seven. 

Approved,  June  30, 1876. 


Appropriation. 

Limit   of   ex- 
penditure. 


Expend  i  t  u  r  e 
charged  to  appro- 
priation for  year 
ending  June  30, 
1877. 
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CHA.P.  160 — An  act  to  authorise  the  oonstraotion  of  a  jponton-biidge  acroes  the  Mis-      jq]^  ^  ^Mg 
ii"«lppi  River  from  some  feasible  point  in  La  Crosse  County,  in  the  State  of  Wiaoon- 
tin,  toaome  fnaaible  point  in  Haostoa  Coautj,  ia  the  State' of  Biionesota. 

Be  it  enacted  hy  the  Senate  and  House  of  RepreseniaUtes  of  the  United    pile  and   pon- 
Slatee  of  America  im  Congress  assembUdy  That  it  Bhall  be  lawfal  for  the  ton  bridge  may 
city  of  La  Crome  to  ooostruot  a  pile  and  ponton  bridge  across  the  Mis-  be  hniltby  oity  of 
siflsippi  River  at  some  feasible  point  in  La  Crosse  County  in  the  State      ^i^^*^^ 
of  WiscoDsin,  so  as  to  connect  with  the  opposite  shore  of  the  said  river, 
in  the  State  of  Minnesota;  said  bridge  to  be  built  subject,  except  as    Howtabebnilt. 
herein  modified,  to  all  the  terms,  requirements,  and  limitations  contained 
ID  the  act  entitled  "  An  act  to  legalize  and  establish  a  ponton-railway- 
bridge  across  the  Mississippi  River  at  Prairie  du  Chien,  and  to  authorize 
the  constmction  of  a  similar  bridge  at  or  near  Clinton,  Iowa,''  approved    1874,  ch.  224, 18 
Jane  sixth,  eighteen  hundred  and  seventy-four,  so  far  as  they  may  be  ^tat,  6i. 
applicable  thereto. 

6bc.  2.  That  the  bridge  shall  be  constructed  with  one  suitable  pon-    Width  of  pon- 
ton-draw  of  not  less  than  four  hundred  feet  in  width,  located  over  the  ton-draw, 
main  channel  of  the  river :  Provided,  That  said  bridge  shall  not  be  built 
or  commenced  until  the  plan  and  specifications  for  its  construction  have 
been  submitted  to  the  Secretary  of  War  for  his  approval,  nor  until  he 
shall  approve  the  plan  and  tbe  location  of  said  bridge ;  and  if  any  change    Approv  a  1   of 
be  made  in  the  plan  of  construction  of  said  bridge  at  any  time,  such  Pj^noy  Secretary 
change  shall  be  subject  to  the  approval  of  the  Secretary  of  War ;  and 
any  change  in  tbe  construction  or  any  alteration  of  said  bridge  that    Changes  in  con- 
may  be  directed  at  any  time  by  Congress  or  the  Secretary  of  War  shall  ""^^tion. 
be  made  at  the  cost  and  expense  of  the  owners  thereof:  And  provided 
furtkeTf  That  the  right  is  hereby  reserved  to  Congress  to  alter  amend     Right  to  alter, 
or  repeal  this  act ;  and  in  case  of  the  repeal  of  this  act,  the  bridge  shall  amend,  or  repeal. 
be  removed  without  expense  to  the  United  States,  and  if  this  act  be 
amended  any  change  or  alteration  required  of  the  bridge  shall  be  with-  ^^hJj^t  *Jost  "to 
out  cost  to  the  United  States.  United  States. 

Approved,  July  6, 1876. 


CHAP.  171 — An  act  authorizing  the  Nebraaka  City  Biidge  Company  to  oonstmot     July  8, 1876. 
a  ponton  railway-bridge  acroas  the  Misaouri  River  at  Nebraslca  City  in  Otoe  — _.- 
Conaty.  Kebraaka. 

Be  it  enacted  hy  the  Senate  and  House  of  Representatives  of  the  United   Ponton  raOway* 
Statea  of  America  in  Congress  assembled,  That  it  shall  be  lawful  for  the  tr^ait  and  wag. 
Kebraaka  City  Bridge  Company,  a  corporation  having  authority  from  brajkaSty 
the  State  of  Nebraska  and  from  the  State  of  Iowa,  its  successors  and 
assigns,  to  build,  maintain,  and  operate  a  ponton  rail  way- transit  and 
wagon-bridge  across  the  Missouri  River  at  Nebraska  City,  in  the  county 
of  Otoe,  and  State  of  Nebraska ;  and  said  company,  its  successors  or 
assigns,  shall  keep  op  and  maintain  a  suitable  ponton-draw  of  not  less    Width  of  draw. 
than  three  handred  feet  in  length;  and  that  said  draw  shall  be  opened    Opening  of 
promptly,  upon  reasonable  signal,  for  the  passage  of  boats  or  rafts ;  but  draw. 
iQ  no  case  shall  unreasonable  delay  occur  in  the  opening  of  said  draw 
before  or  after  the  passage  of  trains ;  aud  the  com  pan  v,  corporation,  or 
individuals  having  the  charge  or  control  of  said  bridge  shall,  for  the 
seeority  of  navigation,  maintain,  from  sunset  to  sunrise,  throughout  the 
year,  such  lights  on  said  bridge  as  may  be  required  by  the  Light-House    l i  g h  t  a   on 
Board.  bridge. 

Sec.  2.  That  all  railway-companies  desiring  to  nse  said  ponton-bridge    xJse  of  bridge 
shall  have,  and  be  entitled  to,  equal  rights  aud  privileges  in  the  use  of  by  railway  com- 
tbe  same,  and  in  the  use  of  the  niachiuory  and  fixtures  thereof,  and  of  P'^°^®'* 
all  approaches  thereto,  under  and  upon  such  terms  and  conditions  as 
shall  be  prescribed  by  the  Secretary  of  War,  upon  hearing  tbe  allega- 
tions and  proofs  of  the  parties  in  case  they  shall  not  agree ;  and  the 
United  States  shall  have  the  right  of  way  for  postal  aud  telegraphic    Right  of  wav 
purposes  across  said  bridge;  aud  no  greater  charge  shall  be  made  for  for  postal  and  tel- 
the  transmission  ov«r  the  same  of  the  mails,  the  troops,  and  munitions  pJJJJ         p  or  - 
of  war  of  the  United  States  than  the  rate  per  mile  paid  for  the  trans-    charge   for 
portatton  over  the  railroads  or  public  highways  leading  to  said  bridge ;  mails  and  troops. 
and  in  case  of  any  litigation  arising  from  any  obstruction,  or  alleged    gaits    for   ob- 
obBtruotion,  to  the  navigation  of  the  said  Missouri  River,  created  by  structionofriyer. 
the  oonstrnctlon  of  said  bridge  under  this  act,  the  cause  or  question 
iri«ng  may  be  tried  before  the  district  or  circuit  court  of  the  United     Where  triable. 
States  of  any  State  whereiu  the  obstruction  exists. 
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AmendmeDt  (f     Sec.  3.  That  the  right  to  alter  or  amend  this  net  so  as  to  prevent  or 
aot without liabil- remove  all  material  ohstractions  to  the  navigation  of  said  Missouri 
ity  for  damages.    Kiver  is  hereby  expressly  reserved,  without  any  liability  to  the  Govern- 
ment for  damages  on  acconnt  of  the  alteration  or  amendment  of  this 
act,  or  on  acconnt  of  the  prevention  or  requiring  the  removal  of  any 
such  obstructions ;  and  if  any  change  be  made  in  the  plan  of  construe- 
Alter  at  1  on  B  tion  of  said  ponton-bridge,  snch  change  shall  be  subject  to  the  approval 
OToild*    ***    *P*  of  the  Secretary  of  War;  and  any  change  in  the  construction  or  any 
'  alteration  of  said  bridge  that  may  be  directed  at  any  time  by  Congress 

^''^tohl***^*'  ^^  ^^®  Secretary  of  War  shall  be  at  the  cost  and  expense  of  the  owners 
wnen  to  oemade.  j^jj^p^^f^     g^j^  bridge  shall  be  constructed,  as  near  as  may  be  practica- 
Location.  i>]e,  npon  the  line  heretofore  surveyed  and  established  by  the  Nebraska 

City  Bridge  Company. 
Reflations  for     Sec.  4.  That  any  bridge  authorized  to  be  constrnoted  under  this  act 
security  of  navigin^]!  b©  built  and  located  under  and  subject  to  such  regulations  for  the 
gauon.  security  of  navigation  of  said  river  as  the  Secretary  or  War  shall  pre- 

scribe ;  and  to  secure  that  object,  the  said  company  or  corporation  shall 
submit  to  the  Secretary  of  War,  for  his  examination  and  approval,  a 
Plans  of  con-  design  and  drawings  of  the  bridge,  and  a  map  of  the  location,  giving, 
straction,  etc.,  to  for  the  space  of  one  mile  above  and  one  mile  below  the  proposed  loca- 
be  submitted.       Hoq^  the  topography  of  the  banks  of  the  river,  the  6hore-line8  at  high 

and  low  water,  the  direction  and  strength  of  the  currents  at  all  stages, 
and  the  soundings,  accurately  showing  the  bed  of  the  stream,  the  loca- 
tion of  any  other  bridge  or  bridges,  and  shall  furnish  such  other  infor- 
mation as  may  be  required  for  a  full  and  satisfactory  understanding  of 
V  ^i!^1?^  °o^,^  the  subject ;  and  until  the  said  plan  and  location  of  the  bridge  are  ap- 
submittod  proved  by  the  Secretary  of  War,  the  bridge  shall  not  be  built. 

Approved,  July  8,  1876. 

July  10, 1876.     CHAP.  177.— An  act  to  oonlinue  tbe  provisions  of  an  act  entitled  "An  act  to  pro- 
'  vide  temporarily  for  tbe  expenditures  of  the  Government,"  &o".,  &c. 


Extension  of  Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
appropriation  for  States  of  America  in  Congress  assembled,  That  the  provisions  of  an  act 
ten  days.  entitled  "An  act  to  provide  temporarily  for  the  ezpenditares  of  the 

Government"  approved  June  thirtieth,  eighteen  hundred  and  seventy- 
six  be,  and  the  same  are  hereby,  extended  and  continued  in  full  force 
Ante,  p.  en,        and  effect  for  the  period  of  ten  days  from  and  after  the  tenth  day  of 
•  Po«e,pp.05,lS3,  July,  eighteen  hundred  aud  seventy-six,  and  no  longer. 
131, 168.  Approved  July  10, 1876. 


July  19, 1876.  CHAP.  213.— An  act  authorising  tbe  repavement  of  Pennsylvania  avenue. 

Commissioners  Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
for  paving  Ponn-  States  of  America  in  Congress  assemhted.  That  the  President  of  the  United 
sylvania  avenue,  gtates  be,  and  he  is  hereby,  directed  to  detail  General  H.  G.  Wright  and 

General  Q.  A.  Gilmore,  of  the  Engineer  Corps  of  the  Army,  who,  with 
Edward  Clark,  of  Washington,  District  of  Columbia,  shall  form  a  com- 
mission, whose  duty  shall  be  to  select  and  deteiTnine  the  best  kind  of 
pavement  to  be  used  in  paving  Pennsylvania  avenue  and  all  intersections 
of  streets,  and  avenues,  and  alleys  crossing  the  same,  inclnding  the  trian- 
gular spaces  directly  connecting  with  the  Pennsylvania-avenue  pave- 
ment, abutting  on  parts  of  squares  numbered  two  hundred  and  fifty-four, 
two  hundred  and  fifty-six,  three  hundred  and  twenty-three,  three  hun- 
dred and  forty-eight,  and  four  hundred  and  eight,  but  not  including  the 
side-walks;  and  to  have  said  thoroughfare  paved  therewith  from  the 
northwest  gate  of  the  Capitol-grounds,  to  and  including  the  crossing  of 
Fifteenth  street  west,  witn  such  a  pavement  as  they,  or  a  majority  of  the 
said  commission,  may  agree  upon. 

Organization.  Sec.  2.  That  within  ten  days  after  the  passage  of  this  act,  or  as  soon 
thereafter  as  may  be,  the  commission  named  herein  shall  meet  and  organ- 
ize by  the  election  of  a  president  and  secretary  front  among  their  num- 
ber, and  shall  proceed  to  perform  the  duties  herein  imposed  upon  them ; 

Mfotioe  for  pro-  j^jj^j  ^  g^^n  gg  practicable,  they  shall  give  notice  for  one  week,  in  a  daily 
****"*^*'  paper  published  in  each  of  the  cities  of  Washington,  Philadelphia  and 

New  York,  for  proposals,  with  full  specifications,  for  paving  said  avenue : 

Pavement        Provided,  That  said  pavement  shall  be  of  the  best  material  laid  in  the 

Contractor's  most  substantial  manner,  and  without  unnecessary  delay  ;  and  that  a 
^^"^  good  and  sufficient  bond  to  the  United  States,  with  sureties,  to  be  ap- 
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^Ted  by  tbe  oominissioii,  sball  be  exacted,  gaaranteeine  that  the  termB 

of  any  contract  or  ooDtracts  shall  be  strictly  and  faithf ally  observed,  and 

thai  the  contractor  shall  keep  tbe  said  pavement  in  good  repair  for  the 

toim  of  three  years ;  and  said  commission  shall  retain  ten  per  centam  of    ^P'^^'** 

tbe  ooBt  of  tbe  work  as  an  additional  security  and  a  guarantee  fund  to 

keep  the  same  in  repair  for  the  said  term,  which  said  per  centum  shall    Ten  per  centum 

be  inveeted  in  the  Bonds  of  the  United  States  and  the  interest  thereon  ^^^<^<^ 

paid  to  said  contractors. 

Sic.  3.  That  the  cost  of  laying  down  said  pavement  shall  be  paid  for    Pavemeiit»  bow 
in  the  foUow^ing  proportions  and  manner :  The  Washington  and  Gtoorge-  P^d  for. 
town  Railroad  Company  shall  bear  all  of  the  expense  for  that  portion  of 
the  work  lying  between  the  exterior  rails  of  the  tracks  of  the  road,  and 
for  a  distance  of  two  feet  from  and  exterior  to  the  track  on  each  side    Railroad  track. 
thereof,  and  of  keeping  the  same  in  repair;   but  the  said  railroad  com- 
pany, having  conformed  to  ihe  grade  established  by  the  Commissioners, 
may  nse  cobble-stone  or  Belgian  rock  in  paving  their  tracks,  or  the 
apace  between  their  tracks,  as   the  commissioners  shall  direct.     The 
United   States  shall  pay  the  cost  of  paving  the  spaces  between  its 
property  and  the  part  of  the  avenue  to  be  paid  for  by  said  railroad  com- 
pany, and  one-half  of  the  cost  of  paving  the  intersection  of  the  streets 
and  avenues,  lees  that  to  be  paid  by  the  railroad  company,  and  the 
other  half  shall  be  paid  out  of  the  revenues  of  the  District  of  Columbia, 
and  the  residue  of  the  cost  of  such  paving  shall  be  paid  as  follows: 
One-third  hj  the  owners  of  private  property  lying  and  abutting  on  said 
Pennsylvania  avenue,  in  proportion  to  their  frontage  thereon,  as  here- 
inafter provided ;  one-tbiid  by  the  United  States  ;  and  one-third  out  of    Appropriation. 
the  general  revenue  of  the  District  of  Columbia ;  and  the  amount  re- 
quired to  pay  the  part  of  said  cost  assumed  by  tbe  United  States  shall 
be  paid  ont  of  any  money  in  the  Treasury  not  otherwise  appropriated  ; 
and  the  amount  reqaired  to  pay  the  part  of  said  cost  charged  to  the 
District  of  Columbia  shall  also  be  paid  out  of  any  money  in  tlie  United 
States  Treasury  not  otherwise  appropriated,  but  the  money  so  paid  shall 
be  reimbursed  to  the  Treasury  of  the  United  States  by  the  District  of    Re-imbnrse- 
Colnmbia  from  money  derived  from  taxation  upon  the  warrants  or°^®°^ 
orders  of  said  commission  duly  audited  in   the  Treasury  Department : 
Prortded,  That  tbe  propertv  owners  of  such  parts  of  squares  two  bun-    property  own- 
dred  and  fifty-four,  two    hundred   and  fifty-six,  three  hundred  and  era    in    certain 
twenty-three,  three  hundred  and  forty-eight,  and   four  hundred  and  «qaftre». 
eight,  as  are  abutting  upon  said  pavement,  shall  be  assessed  at  the  same 
rate  per  front  foot  as  tbe  owners  on  Pennsylvania  aveune  ;  Andprovided 
fmrther,  That  the  space  between  Seventh  and  Eighth  str«>ets,  opposite 
the  locality  now  occupied  by  tbe  Washington  Market  Company,  shall    Wash  in  f^  ton 
be  paid  by  the  District  of  Columbia,  unless  the  suit  now  peudiug  as  to  M*^^®'  Com- 
the  ownership  of  said  ground  shall  l>e  decided  against  tbe  said  District  1^^°^'; 
when  the  same  shall  be  refunded,  with  legal  interest,  by  the  Washington 
Market  Company  to  said  District. 

Sec.  4.  That  assessments  shall  be  made  by  the  Commissioners  of  the    Assesam e  n  t s, 
District  of  Columbia  upon  the  owners  of  said  private  property  on  said  by  wliommade. 
avenue  and  spaces,  and  u]  on  said  railroad  company  respectively,  pro- 
vided for  in  section  three  of  this  act,  and  the  sums  so  found  collected  by    Deposit   in 
the  collector  of  the  District  of  Columbia,  and  paid  into  the  Treasury  of  Treaaury. 
tbe  United  States,  where  it  shall  be  held  as  a  special  fund  for  the  spe- 
cific purpose  herein  named ;  and  such  fund,  together  with  such  sum  as 
shall  be  found  to  be  due  and  payable  from  the  United  States  for  its  pro- 
portion of  the  cost  of  said  pavement,  together  with  the  proportion  due 
from  the  District  of  Columbia,  shall  be  paid  by  the  Secretary  of  the    Payments flrom 
Treaaury,  on  the  warrant  or  order  of  the  commission,  or  a  majority  Treasury, 
thereof,  herein  authorized,  in  such  amounts  and  at  such  times  as  they 
may  deem  safe  and  proper  in  view  of  the  progress  of  the  work. 

8ec.  5.  That  the  cost  of  laying  down  said  pavement  exclusive  of  the    Limit  of  cost. 
worlc  charged  to  and  paid  for  by  the  Washington  and  Georgetown  Rail- 
road Company,  but  including  tbe  removal  of  the  present  pavement, 
grading  the  avenue,  and  all  other  work  and  materials  necessary  to  fully 
complete  said  pavement  for  nse,  shall  not  exceed  the  sum  of  four  dollars 
Mid  thirty  cents  per  square  yard  :  Provided  said  pavement  shall  be  fully    Time  of  com- 
completed  and  ready  for  use  December  first,  eighteen  hundred  and  pletion. 
•eventy-six. 

Sec.  6.  That  if  the  Washington  and  Georgetown  Railroad  Company,  or    Defkolt  in  pay. 
An rpri rate  citizen  or  other  corporation  or  person,  shall  neglect  or  refuse  1"K  ■•••••™«°**' 
to  pay  the  amount  aeseesed  for  the  paving  herein  authorized,  (within 
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thirty  days  after  the  notiiicatioD  of  each  assessnient  shall  have  been 
published  in  one  or  more  papers  printed  in  the  District  of  Colnmbia,) 
in  front  of,  or  adjoining  their  property,  when  the  work  so  frontinfi;  or 
adjoining  their  property  shall  have  been  completed  to  the  satisfaction 
of  the  commission  provided  for  in  this  act,  and  assessed  by  the  District 
of  Columbia  Commissioners,  the  said  Commissioners  of  the  District  of 
Certifloates  of  Columbia  shall  issue  certificates  of  indebtedness  against  the  property, 
indebtednew.       which  certificates  shall  bear  interest  at  the  rate  of  ten  per  centum  per 

annum  until  paid,  and  which,  until  they  are  paid,  shall  remain  and  be 

Lien  of  ceitifl-  ^  ^^^^  upon  the  property  on  or  against  which  they  are  issued.    And  if 

Gate.  the  said  certificates  are  not  paid  within  one  year,  the  said  Commissioners 

of  the  District  of  Columbia  shall,  upon  the  application  of  the  holder 

thereof,  proceed  to  sell  the  property  against  which  they  are  issued,  or 

.    ^o  much  thereof  as  may  be  necessary  to  pay  said  tax ;  such  sales  to  be 

on   non.pavmenb  ^™*  ^^Ij  advertised,  daily,  for  one  week,  in  some  newspaper  published 

of  oertificate.       i^  ^^^  city  of  Washington,  and  to  be  made  at  public  auction  to  the 

highest  bidder;  and  a  deed  given  by  the  said  Commisaionere  of  the 
District  of  Columbia  in  pursuance  hereof  shall  be  deemed  and  held  to 
be  a  good  and  perfect  title  to  any  property  bought  at  such  sale  hereby 
Redemption,     authorized :  Providedf  That  the  owner  of  said  real  estate  shall  have  the 
right  to  redeem  the  property  sold  by  paying  the  amount  of  purchase- 
money  and  ten  per  centum,  with  costs,  on  the  amount  of  the  said  pur* 
chase,  within  one  year  from  the  date  of  the  sale. 
Certain  portion     Src.  7.  That  the  said  paving-commission  shall  not  repave  that  portion 
nottoberepaved,  ©f  Pennsylvania  avenue  between  Ninth  and  Tenth  streets  on  the  north 
nulesa,  etc.  gj^^  ^f  ^j^^  railroad  track,  nnless  it  may  be  necessary  for  them  so  to  do 

Interee  c  t  i  n  g  to  perfect  the  whole  system.    Where  street-railroads  cross  Pennsylvania 
railroads.  avenue,  the  pavement  between  their  tracks  shall  conform  to  the  kind 

of  pavement  used  on  the  said  avenue ;  and  the  companies  owning  these 
intersecting  railroads  shall  pay  for  paving  the  same  in  the  same  manner 
and  proportion  as  is  required,  by  section  three,  of  the  Georgetown  and 
Wasnington  Railroad  Company. 
Water  and  gaa  Sec.  8.  That  it  shall  be  the  duty  of  the  Commissioners  of  the  District 
mains,  etc.  ^f  Columbia  to  see  that  all  water  and  gas  mains  service-pipes,  and  sewer- 

connections  are  laid  withont  delay  to  the  contractors  before  the  pave- 
ment authorized  by  this  act  is  put  down ;  and  it  shall  be  the  duty  of 
the  board  of  water-commissioners  and  of  the  Washingt.on  Gas-Light 
Company,  under  the  direction  of  the  said  paving-commissioners,  to  take 
np,  lay,  and  replace  all  gas-pipes,  water-mains,  and  connections  on  said 
Pennsylvania  avenue,  at  such  time  and  places  as  said  paving-commis- 
Wooden  paT*^*^'^  ^'^'^^  ^^^®^^')  ^^^  ^^^  old  wood  paving-blocks,  which  are  required, 
ing-blocks.  to  be  removed  under  this  act,  shall  be  delivered  to  the  said  Commission- 

ers of  the  District  of  Columbia  for  such  use  or  disposition  as  they  may 
see  fit  to  mnke. 
Appropriation,     gjjc.  9.  That  the  sum  of  three  thousand  dollars  is  hereby  appropriated 
out  of  any  mone3^  in  the  Treasury  of  the  United  States  not  heretofore 
appropriated,  and  a  like  amount  is  directed  to  be  paid  by  the  District 
Expenses  of  ^^  ^^^°™^^^  Commissioners  to  the  said  paving-commission,  to  defray 
Commission.        the  necessary  expenses  of  said  commission. 

Approved,  July  19, 1876. 


J  «    01  ifl7ft      CHAP.  281.— An  act  to  coniinne  the  provisions  of  an  act  entitled  "An  act  to  provide 
uoiy^i,  xg<o.  temporarily  for  the  expenditures  of  the  Government." 

Appropriations  Be  it  emicted  hy  the  Senate  and  House  of  Repreamtatires  of  ths  United 
for  expenditures  States  of  Jmetica  in  Congress  assembled.  That  the  provisions  of  an  act 
^^  j_^^'^^"™®°*  entitled  "An  act  to  continue  the  provisions  of  an  act  entitled  an  act  to 
continnet.  provide  temporarily  for  the  expenditures  of  the  Government,"  approved 

PwS'^^  131  J**"®  thirtieth,  eighteen  hundred  and  seventy-six,  approved  July  tenth, 
168.  '  eighteen  hundred  and  seventy-six,  be,  and  the  same  are  hereby,  extended 

and  continued  in  full  force  and  efiect,  until  and  including  the  thirty-first 
day  of  July,  eighteen  hundred  and  seventy-six. 
Approved,  July  21,  1876. 


T«i»  oo  1D7A     CHAP.  SIS4.— An  act  to  authorize  the  Secretary  of  War  to  purchase  a  parcel  of  land 
jniy»t.iB7n.  ^^  ^^^  j^j^,^  ^^  j^^y  ^^^  Florida. 

Purchase  of     Be  it  enacted  hy  the  Senate  and  JETouse  of  Representatives  of  the  United 

land  on  island  of  States  of  Amtrica  in  Congress  assembled.  That  the  Secretary  of  War  be. 

Key  West.  g^j^d  he  is  hereby,  authorized  to  purchase,  for  the  use  of  the  United 

States,  at  a  price  which  shall  be  agreed  upon  between  him  and  the 
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ovnetMy  and  not   to  excticd  two  thonsand  dollars,  a  certain  parcel  or 

tract  not  exceerlinj;  livo  acres  of  land  claimed  by  W.  C.  Maloiiey  and 

wife,lyin^  and  situate  on  the  island  of  Key  West,  Florida,  and  adjoin- 

io{^  the  military  reservation  on  said  island:  Proeiikfly  That  the  title  of 

flMd  parties  to  said  property  shall  be  fi>nnd  to  be  in  all  respects  good 

andTalid  in  law  and  eqnity;  but  this  anthority  shall  expire  at  the  end 

of  000  year  from  the  psMsagA  of  this  act,  and  the  necessary  amount  of 

money  to  pay  for  the  said  laud  in  theeveut  of  purchase  is  hereby  appro-     Appropriation, 

priated  oat  of  any  money  in  the  Treasury  not  otherwise  appropriated. 

Ssa  2-  That  if  the  Secretary  of  War  and  the  owners  of  said  property     Possession  pe- 
sball  be  anable  to  t^ree  npon  a  price  to  be  paid  by  the  United  States  J^'tJel"  en^  °^ 
for  said  land,  or  if  for  any  reason  the  United  States  shall  fail  to  acquire     ^^    ^ 
the  title  to  the  same  within  a  reasonable  time  after  the  passage  of  this 
act,  then  it  shall  be  the  duty  of  the  Secretary  of  War  to  cause  the  pos- 
session of  said  property,  if  the  same  belongs  to  the  said  Maloney  and 
vife,  or  Huch  part  of  it  as  is  now  or  may  be  occupied  by  the  United 
States,  to  be  restore^l  to  them. 

Approved,  July  '22^  1876. 

CHAP.  S96  — An  act  roftkins  appropriations  for  the  support  of  the  Army  for  the  fiscal     jnlY  24  ifltfi 
yi»r  ending  June  thirtieth,  eighteen  hundred  and  seven ty-seven,  and  fur  other  pur-  ^     ' 


Be  ii  enacted  by  ike  Senate  and  ffotise  of  Representatives  of  the  United  States    Appropriations 
of  America  in  Congress  assembled.  That  the  following  sums  be,  and  the  for   support  of 
sante  are  hereby,  appropriated,  out  of  any  money  in  the  Treasury  not  ^^^V^  ^^  ^^in 
otherwise  appropriated,  for  the  snpport  of  the  Army,  for  the  year  end-  iJn.*      °*      • 
iog  June  thirtieth,  eighteen  hundred  and  seventy-seven,  as  follows : 

ENGINEER  DEPARTMENT. 

For  engineer  depot  at  Willet's  Point,  New  York,  namely  :  Engineer  depot 

For  remodeling  portions  of  bridge-equipage  to  make  it  correspond  at  WiUet's  Point, 
with  the  new  patterns ;  for  necessary  materials  for  properly  drilling  the 
engineer-companies  in  field-duties ;  for  incidental  expenses  of  the  depot, 
fael,  forage,  chemicals,  stationery,  extra-duty  pay,  purchase  of  animals, 
and  ordinary  repairs,  five  thousand  dollars. 

Skc.  2.  That  when  any  officer  travels  under  orders,  and  is  not  fur-     ^rmy    officers 
nished  transportation  by  the  Quartermaster's  Department,  or  on  a  con-  to  have  mileage, 
veyance  belonging  to  or  chartered  by  the  United  States,  or  on  any  rail- 
road on  which  the  troops  and  supplies  of  the  United  States  are  entitled 
to  be  transported  free  of  charge,  he  shall  be  allowed  eight  cents  a  mile, 
and  no  more,  for  each  mile  actually  traveled  under  such  order,  distances 
to  be  calculated  by  the  shortest  usually  traveled  route ;  and  so  much  of 
section  twelve  hundred  and  seventy- three  of  the  Revised  Statutes,  or  of    -^  g,^  1373   p^ 
any  act  as  conflicts  with  the  provisions  of  this  section,  is  hereby  re- ssp, amended.' 
pealed ;  and  no  part  of  the  sum  appropriated  by  this  act  shall  be  used 
for  the  payment  of  any  officer  of  the  field  or  line  who,  by  appointment 
or  otherwise,  shall  be  in  the  performance  of  any  duties  of  a  civil  nature     Army    officers 
in  or  abont  any  of  the  Executive  Departments  of  the  Government  other  not  to  have  addi- 

than  fur  his  pay  and  allowances  as  an  officer  of  the  Army.  ^\^^?'\    P^J    ^^^ 

•  •  •  #  •  •  •  civil  duties. 

Src.  4.  That  the  whole  subject  matter  of  reform  and  reorganization    j.^  , 

of  the  Army  of  the  United  States  shall  be  referred  to  the  commission  ^^^n^JJ^^*"^^^^ 
hereinafter  provided  for,  who  shall  carefully  and  thoroughly  examine  Army. 
into  the  matter  with  reference  to  the  demands  of  the  public  service,  as    Pott,  p.  216. 
to  the  number  and  pay  of  men  and  officers  and  the  proportion  of  the 
several  arms  and  also  as  to  the  rank  pay  and  duties  of  the  several  staff 
oorps,  and  whether  any  and  what  reductions  can  be  made  either  in  the 
line  or  staff,  in  numbers  or  in  pay,  b^  consolidation  or  otherwise  con- 
nstently  with  the  public  service,  having  in  view  a  just  and  reasonable 
eoooomy  in  the  expenditure  of  public  money,  the  actual  necessities  of 
the  military  service,  and  the  capacity  for  rapid  and  effective  increase  in 
time  of  actoal  war.    The  commission  hereby  created  shall  consist  of    Commission 
two  members  of  the  Senate  and  two  members  of  the  House  of  Kepre-  constituted, 
ieotatives  to  be  appointed  by  the  presiding  officers  of  each  House  respect- 
ively of  the  Secretary  of  War,  and  two  officers  of  the  Army  one  from 
the  line  and  one  from  the  Staff  Corps,  to  be  selected  by  the  President 
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with  special  reference  to  their  knowledge  of  the  organization,  and  ex- 
I>ntic8.  perience  in  service.    Sach  Commission  shall  assemble  as  soon  as  prac- 

ticable and  proceed  to  the  consideration  of  the  matters  with  which  they 
are  charged,  and  make  report  to  Congress  by  the  first  day  of  the  next 
session  inrongh  the  President  of  the  United  States,  with  all  the  evi- 
dence record  or  otherwise  which  they  shall  have  received  and  consld- 
Expenses.         ered.    And  the  sam  of  one  thousand  dollars  is  hereby  appropriated  from 
the  contingent  fnnd  of  the  War  Department  to  defray  the  expenses  of 
such  commission  to  be  expended  ander  the  direction  of  the  president  of 
said  Commission. 
Approved,  July  24, 1876. 

Jaly  29, 1876.     CHAP.  239.— An  act  to  amend  an  act  approved  May  oij^ht,  eighteen  hnndred  and 
serenty'fonr,  in  regard  to  leave  of  absence  of  Army  otficera. 


1874,  cb.  154,         Be  it  enacted  by  the  Senate  and  House  of  Repreeentatives  of  the  United 
Amended*'       /Stotes  of  America  in  Congress  assembled,  That  an  act  approved  May  eighth, 
°  eighteen  hundred  and  seventy-four,  in  regard  to  leave  of  absence  of 

Army  officers,  be,  and  the  same  is  hereby,  so  amended  that  all  officers 
Leayea  of  ab-on  duty  shall  be  allowed,  in  the  discretion  of  the  Secretary  of  War, 
BOTce   to  Army  gixty  days*  leave  of  absence  without  deduction  of  pay  or  allowance  : 
^  Proviso.  Provided,  That  tbe  same  be  taken  once  in  two  years :  And  provided 

further^  That  the  leave  of  absence  may  be  exteuded  to  three  months,  if 
taken  once  only  in  three  years,  or  four  months  if  taken  only  once  in 
four  years. 
This  act  shall  take  effect  from  ^d  after  its  passage. 
Approved,  July  29, 1«76. 

July  31,  1876.     CHA.P.  246. —An  act  makin;;  appropriations  for  snndry  civil  oxpensBA  of  the  Govorn- 

! ! '—     meut  for  the  fiscal  year  ending  Juno  tliirtieth,  eighteen  hundred  and  seventy-seven, 

and  for  other  purposes. 

Ap  pro  p  r  i  a-  Beit  enacted  &)/  the  Senate  and  Howe  of  Representatives  of  the  United  States 
tions  for  sundry  o^  America  in  Congress  assembled.  That  the  following  sums  be,  and  the 
civil  expenses,    ^qjj^^  ^re  hereby,  appropriated,  for  tbe  objects  hereinafter  expressed,  for 

the  fiscal  year  ending  Juue  thirtieth,  eighteen  hundred  and  seventy- 
seven,  namely: 

SURVEYS  OF  NOKTnKRN    AND    NORTHWKSTEKX    L.\KBS   AND  MISSISSIPPI 

RIVBR. 

Surveys  of  For  continuing  surveys  of  Lakes  Erie  and  Ontario  ;  determintition  of 
northVe^stern^^P**"'^® ''^  aid  of  State  surveys  and  construction  of  maps;  continua- 
lakes,  eto.  tion  of  triangulation  south  from  Chicago  and  east  to  Lake  Erie ;  survey 

of  the  Mississippi  River,  and  miscellaneous,  one  huifdred  thousand  dol- 
lars. 

BUILDINGS  AND  GROUNDS  IN  AND  AROUND  WASHINGTON. 

Public  grounds  Improvement  and  care  of  public  grounds :  For  filling  in  and  improv- 
\n    Washiugton,  jng  f^rrounds  south  of  Executive  Mansion,  five  thousand  dollars. 

For  ordinary  care  and  extension  of  green  houses  at  the  nursery,  one 
thousand  five  hnndred  dollars. 
For  ordinary  care  of  Lafayette  Square,  one  thousand  dollars. 
For  annual  repair  of  fences,  one  thousand  dollars. 
For  manure  and  hauling  the  same,  two  thousand  dollars. 
For  painting  iron  fences,  two  thousand  dollars. 
For  repair  of  seats,  five  hundred  dollars. 
For  purchase  and  repair  of  tools,  five  hundred  dollars. 
For  trees,  tree-stakes  lime  and  whitewashing,  three  thousand  dollars. 
For  removing  snow  and  ice,  one  thousand  dollars. 
For  flowers,  pots,  twine,  Italian  lycopodium,  and  so  forth,  five  hun- 
dred dollars. 
For  abating  nuisances,  five  hnndred  dollars. 

For  care  of  and  repairs  to  fountains  in  the  public  grounds,  five  hundred 

dollars. 

Pedestal    for     For  pedestal  for  the  statue  of  General  Qeorge  H.  Thomas,  twenty-five 

J!j»tJ«o|J^General  thousand  dollars:  Provided,  That  the  Secretary  of  War  and  the  chair- 

o.  H.  Xhomae.    j^j^jj  ^f  ^^^  Committee  on  public  buildings  and  grounds  of  the  Senate 

and  the  chairman  of  public  buildings  and  grounds  of  the  House  of  Rep- 

selectTslte.  ^^^^  place  upon  the  public  grounds  in  Washington  City  which  in  their 
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jadn^ent  will  be  roost  appropriate,  where  said  monument  ehall  be 
erected. 

•  •  •  «  #  »  # 

For  repaiTB  of  the  Executive  Mansion,  rofurnishinj;  the  same,  and  fuel    Exeontivo 
for  the  same,  and  for  care  and  necesiiary  repairs  of  the  green  houses,  Maniiioii. 
seventeen  thousand  dollars. 

For  lighting  the  Executive  Mansion,  namely,  for  gas,  pay  of  lamp-    Lif^htinfc Exeo- 
lighters,  ^as-fittere  plumbers  and  plumbinsr,  lamps  lamp-posts,  matches  ative  Mansion, 
and  repaira  of  all  kinds,  fuel  for  watchmen's  lodges  and  for  green  houses 
at  the  narsery,  ninetee  i  thousand  dollars :  Provided,  That  the  superin- 
tendent of  meters  at  the  Capitol  shall  hereafter  take  the  statement  of    State  of  meters 
the  meters  of  the  several  Department  buildings  in  the  city  of  Washing-  b|,iidinm*'^to  ^'be 
ton,  and  render  to  the  proper  accounting  officers  of  the  Treasury  Depart-  taken,  eto. 
ment  the  consumption  of  gas  each  month  in  said  buildinjcs  respectively. 

For  repairing  and  extending  water-pipes,  purchase  of  apparatus  to     Water-pip^s, 
clean  them,  and  for  cleaning  the  springs  that  supply  the  Capitol,  Exec-  etc. 
ntive  Mansion,  and  War  and  Navy  Departments,  five  thousand  dollars. 

For  ordinary  repairs  to  Benning's  and  the  Anacostia  and  Chain  bridges,     Bennln^'s,  An- 
onft  thousand  dollars.  a  c  o  s  t  i  a,  and 

Washington  aqueduct:  For  engineering,  maintenance,  and  general ^^J^° ^^*^K®f- 
repairs,  jeigbteen  thousand  dollars.  aqa^act.**  K  *o»» 

For  repairs  of  Georgetown  reservoir,  four  thousand  dollars. 

For  improvement  and  care  of  all  the  various  public  reservations,  six' 
thousand  dollars. 

Forcontiuning  the  improvement  of  Resetvation  number  three,  five 
tbnumnd  dollars. 

For  repairs  and  care  of  the  telegraph  to  connect  the  Capitol  with  the     Depa  r  t  m  e  n  t 
Departments,  and  the  Public  Printing  office,  five  hundred  dollars.  telegraph. 

•  «  «  «  *^  «  • 

For  geographical  surveys  of  the  Territories  west  of  the  one  hundredth    Geograph  leal 
meridian,  twenty  thousand  dollars.  surveys. 

For  preparing,  engraving,  and  printing  the  cuts,  cbarfA,  plates,  and    Charts,  plates, 
itlas  sheets  for  geographical  surveys  west  of  the  one  hundredth  merid-  ^to. 
aan,  ten  thousand  dollars. 

Approved,  July  31, 1876. 


CHAP.  243 — An  act  to  cnntinnn  the  provisions  of  an  act  entitled  "An  act  to  oontinne      Aag.  1. 1876. 

ihe  pmvliiions  of  an  act  entitled  'An  act  to  provide  temporarily  for  tlio  expenditures * 

of  the  Goremment.' " 

Be  it  enacted  by  ihe  Senate  and  House  of  Bepresentaiires  of  the  United  Appropriations 
States  of  America  in  Congress  assembledf  That  the  provisions  of  an  act  f®^  ®^P®D^i'"re8 
entitled  "An  act  to  continue  the  provisions  of  an  act  entitled  *An  act  ^ontiSiIeY'^" 
to  provide  temporarily  for  the  expenditures  of  the  Government '"  ap-  ^^^  ^^^ 
proved  July  twenty-first,  eighteen  hundred  and  seventy-six,  be,  and  95.  •I'P*'^  » 
the  same  are  hereby,  extended  aud  continued  in  full  force  and  effect  JPo«f, pp.  131,168. 
until  and  including  the  tenth  day  of  Angnst,  eighteen  hundred,  and 
seventy-six. 

Approved,  August  1, 1876. 

CHAP.  250. — Ad  act  providing  for  the  oompletion  of  the  Washington  Monument  Ang.  2, 1876. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United    Appropriation. 
States  of  America  in  Congress  assembled^  That  there  be,  and  is  hereby  ap- 
propriated, ont  of  any  money  in  the  Treasury  not  otherwise  appropri- 
ated, the  sum  of  two  hundred  thousand  dollars  payable  in  four  equal 
annual  instalments  to  continue  the  construction  of  the  Washington 
Honnment  in  the  city  of  Washington  :  Provided,  That  before  any  por-    Washington 
tiou  of  said  snm  shall  be  expended,  the  proper  officers  of  the  Washington  Monument. 
National  Monument  Society,  incorporated  by  the  act  approved  February 
twenty-sixth,  eighteen  hundred  and  fifty-nine,  entitled  **An  act  to  in- 
corporate the  Washington  National  Monument  Society,"  shall  transfer    Property  to  ha 
and  convey  to  the  United  States  in  dne  form  all  the  property,  easements,  tra  n  sf  erred  to 
rights,  and  privileges,  whether  in  possession,  or  in  action,  or  in  expect-  ^j|;g  ^^  g^ 
aocy,  belonging  to  the  said  corporation,  to  the  uses  and  for  the  purposes    ^  stat  386. 
■et  forth  in   said  act  of  incorporation;   and  the  said  charter  is  so  '      ' 

amended  as  to  authorize  the  executive  officers  of  said  corporation  to  society  may 
make  said  transfer  and  cimveyance  in  consideratiou  of  the  sum  herein  continue  organ- 
appropriated  :  Provided,  That  nothing  herein  shall  be  so  construed  as  to  izatlon. 
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prohibit  said  society  from  continuing  its  organization  for  the  purpose  of 
soliciting  and  collecting  money  and  material  from  the  States,  associa- 
tions, and  the  people,  m  aid  of  the  completion  of  the  Monument  and 
acting  in  an  advisory  and  co-operative  capacity  with  the  Commission 
hereinafter  named  until  the  completion  and  dedication  of  the  same. 
Commiasion  to  And  the  construction  of  said  monument  shall  be  under  the  direction  and 

Bapervise  con-sapervision  of  the  President  of  the  United  States,  .the  Supervising 

Btruouon.  Architect  of  the  Treasury  Department,  the  Architect  of  the  Capitol,  the 

Chief  of  Engineers  of  the  United  States  Army,  and  the  First  Vice 
President  of  the  Washing^n  National  Monument  Society,  which  officers 
are  hereby  constituted  a  joint  commission  for  that  purpose,  and  in  ac- 
cordance with  the  laws  regulating  contracts  and  the  coustruction  of 

L  Rdporto.  public  buildings  by  the  Treasury  Department :  and  detailed  reports  of 

such  expenditures  shall  be  annually  submitted  to  Congress. 
Examination  of     Sbc.  2.  That  prior  to  commencing  any  work  on  said  monument  an 

fonndation.  examination  shall  be  made  as  to  the  foundation  of  the  monument  in 

order  to  thoroughly  ascertain  whether  it  is  sufficient  to  sustain  the 
weight  of  the  completed  structure,  and  if  the  same  shall  be  found  in- 
sufficient then  the  further  continuance  of  the  work  shall  not  be  author- 
ized by  anything  herein  contained  until  the  further  action  of  Congress. 
Approved,  August  2, 1876. 

Aug.  19, 1876.     CHAP.  964. — An  act  to  oontlnne  the  provlfiioDB  of  an  act  entitled  "An  act  to  provide 
temporarily  for  the  expeuditares  of  the  Government." 


Appropriations  Be  it  enacted  by  the  Senate  and  House  of  Bepresentativee  of  the  United 
for  8  a  p  p  or  t  of  States  of  America  in  Congress  assenibledf  That  the  provisions  of  an  act  en- 
Unntd?"      ^^^'  ^^^^^  '*-^°  *<^*  ^  continue  the  provisions  of  an  act  entitled  'An  act  to 

provide  teniporarily  for  the  expenditures  of  the  Qovernment,'  approved 

.  65  78  ^^^^  thirtieth,  eighteen  hundred  and  seventy-six,"  approved  July  thirty- 

95  199/  ^^'    '    '  firs^i  eighteen  hundred  and  seventy-six,  be,  and  the  same  are  hereby, 

jPof^  p.  168.       extended  and  continued  in  full  force  and  effect,  until  and  including  the 

fourteenth  day  of  August,  eighteen  hundred  and  seventy-six. 

Approved,  August  12, 1876. 

Ang.  14, 1876.     CHAP.  967.— An  act  making  anpropriationB  for  the  constraotion,  repair,  presenratlon, 

and  completion  of  certain  public  woi-J&s  on  rivera  and  harliors,  and  tor  other  par- 

poaeB. 

Approprlationa  Be  it  enacted  hy  the  Senate  and  House  of  Representatives  of  the  United 
harliors  *'  *        <S(ate8  of  America  in  Congress  assembled,  That  tlie  following  sums  of  money 

be,  and  are  hereby,  appropriated,  to  be  paid  out  of  any  money  in  the 
Treasury  not  otherwise  appropriated,  to  be  expended,  under  the  direc- 
tion of  the  Secretary  of  War,  for  the  repair,  preservation,  construction, 
and  completion  of  the  following  public  works  hereinafter  named. 

Donkirk.  For  the  improvement  of  the  harbor  at  Dunkirk,  New  York,  eighteen 

thousand  dollars. 

BnffalOb  For  the  improvement  of  the  harbor  at  Buffalo,  New  York,|eighty-five 

thousand  dollars. 

WilBon.  For  the  improvement  of  the  harbor  at  Wilson,  New  York,  ten  thou- 

sand dollars. 

Oak  Orchard.  For  the  improvement  of  the  harbor  at  Oak  Orchard,  New  York  two 
thousand  dollars. 

PnltneyriUe.  Yot  the  improvement  of  the  harbor  at  Paltneyville,  New  York  three 
thousand  dollars. 

Great  Sodns  For  the  improvement  of  the  harbor  at  Great  Sodus  Bay,  New  York, 
^y*  five  thousand  dollars. 

Hell  Gate.  p^f  removing  obstructions  in  the  East  River  and  Hell  Qate,  New  York, 

two  hundred  and  fifty  thousand  dollars. 

SaperiorBay.  For  the  improvement  of  the  natural  entrance  to  Superior  Bay,  Wis- 
consin, three  thousand  dollars. 

Du  Lnth.  For  the  improvement  of  the  harbor  at  Da  Luth,  Minnesota,  fifteen 

thousand  dollars.  Said  appropriation  is  made  upon  the  express  condi- 
tion that  it  shall  be  without  prejudice  to  either  party  in  the  suit  now 
pending  between  the  State  of  Wisconsin,  plaintiff,  and  the  city  of  Du 
Luth  and  the  Northern  Pacific  Railroad,  derendaots. 

Ontonagon.  For  the  improvement  of  the  harbor  at  Ontonagon,  Michigan,  fifteen 

thousand  dollars. 

Eagle  Harbor.  For  the  improvement  of  Eagle  Harbor,  Michigan,  twelve  thousand 
dollars. 

Marqnette.  For  the  improvement   of  the  harbor  at  Marquette,  Michigan,  two 

thonsand  dollars. 
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For  the  improTement  of  the  harbor  at  Frankfort,  Michigan,  three    Frankfort, 
thooaand  dollars. 

For  the  improvement  of  the  harbor  at  Manistee,  Michigan,  fourteen    Manistee, 
tbooaand  dollars. 

For  the  improvement  of  the  harbor  at  Lndington,  Michigan  ten  thon-    Ladlngton. 
sBod  dollars. 

For  the  improvement  of  the  harbor  at  Pent  water,  Michigan,  ten  thon-    Pentwater. 
nnd  dollars. 

For  the  improvement  of  the  harbor  at  White  River,  Michigan,  five    "VHilie  Kiver. 
thooeand  dollars. 

For  the  improvement  of  the  harbor  at  Mnskegan,  Michigan,  fifteen    Mnskegan. 
thoQsand  dollars. 

For  the  improvement  of  the  harbor  at  Grand  Haven,  Michigan,  fifteen     Grand  Haven. 
thoQsand  dollars. 

For  the  improvement  of  the  harbor  at  Green  Bay,  Wisconsin,  eight    Green  Bay. 
thonsand  dollars.  ^. 

For  the  improvement  of  the  harbor  at  Menomonee,  Wisconsin,  eight    ^©nomonee. 
thonsand  dollars. 

For  the  improvement  of  the  harbor  at  Ahnepee,  Wisconsin,  eight    -^n»»ep««- 
tboosand  dollars. 

For  the  improvement  of  the  harbor  at  Two  Rivers,  Wisconsin,  five    Two  Rivers, 
thooeand  dollars. 

For  the  improvement  of  the  falls  of  Saint  Anthony,  Minnesota,  one    Falls  of  Saint 
hundred  and  twenty  thonsand  dollars.  Anthony. 

For  the  improvement  of  Minnesota  River,  Minnesota,  ten  thousand ^Minnesot a 
dollars.  ^^«^- 

For  the  improvement  of  the  harbor  at  Toledo,  Ohio,  sixty  thousand    Toledo, 
dollars. 

For  the  improvement  of  the  harbor  at  Sandusky  City  Ohio,  twenty-    SandoskyClty 
five  thousand  dollars.  _      .... 

For  the  improvement  of  the  harbor  at  Vermillion,  Ohio,  five  thousand     vermiiuon. 
dollars.  _,,      .     _ 

For  a  breakwater  at  Cleveland  Harbor,  Ohio,  fifty  thousand  dollars.        Cleveland. 

For  repair  of  east  pier  at  Cleveland,  Ohio,  eight  thousand  dollars;  ^^^«J^®°^,*2 
and  the  Secretary  of  War  is  hereby  authorized  to  agree  with  the  Pitts-  Pittsburgh    and 
bnrgh  and  Cleveland  Railroad  Company  for  such  use  and  occupancy  of  Cleveland   Rail- 
said  pier  as  is  consistent  with  the  public  interests,  upon  such  terms  and  road  Company, 
conditions  as  he  deems  reasonable  and  just ;  and  in  case  said  railroad- 
company  shall  neglect  or  refuse  to  make  an  agreement  satisfactory  to 
the  Secretary  of  War,  upon  a  certificate  of  that  fact  to  the  Attorney- 
General  it  shall  be  the  duty  of  the  latter  officer  to  enforce  the  rights  of 
the  United  States  in  the  premises  by  appropriate  action.  » •     «. 

For  the  improvement  of  Connecticut  River  below  Hartford  Connect!-  Riven  °®®°"^ 
cat»  twenty  tnonsand  dollars.  ' 

For  the  improvement  of  the  harbor  at  Fall  River,  Massachusetts,  ten     '^  River, 
thousand  dollars. 

For  the  improvement  of  the  harbor  at  New  Bedford,  Massachusetts,     ^®^  Bedford, 
ten  thousand  dollars.  t>         h        f 

For  the  improvement  of  Penobscot  River,  Maine,  ten  thousand  dol- J^^,^®  °  ** "  *  °  **  * 
lars ;  four  thousand  dollars  of  which  shall  be  expended  at  or  near  the 
'^Narrows"  in  said  river  at  Bucksport. 

For  the  improvement   of  Cocheco  River,  New  Hampshire,  fourteen    ^ooneco  River, 
thousand  dollars. 

For  the  improvement  of  the  harbor  at  Burlington,  Vermont,  twenty    Burlington. 
thousand  dollars. 

For  the  improvement  of  the  harbor  at  8 wanton,  Vermont,  two  thon-    S wanton, 
sand  dollars. 

For  the  constmction  of  Ice  Harbor  at  Chester  Pennsylvania,  two    Chester. 
thousand  six  hundred  dollars. 

For  the  improvement  of  Passaic  River,  New  Jersey,  ten  thousand    Passaic  River, 
dollars. 

For  removing  obstmctions  from,  and  the  Improvement  of,  the  harbor    TVilmington. 
at  Wilmington,  Delaware,  sixteen  thousand  dollars. 

For  the  construction  of  piers  in  Delaware  Bay  near  Lewes,  Delaware,    ^^^^ 
thirty  thousand  dollars. 

For  the  improvement  of  the  harbor  at  Chicago,  Illinois,  five  thonsand    Chicago, 
dollars. 

For  the  improvement  of  the  Des  Moines  Rapids,  Mississippi  River,    Dee  Moine 
two  hundred  and  thirty  thonsand  dollars.  Rapids. 

For  t\e  improvement  of  the  harbor  at  Baltimore,  Maryland,  seventy-    Baltimore, 
fire  tboosand  dollars. 
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Bappahannook     For  the  improvement  of  the  Rappahannock  River,  Virginia,  ten  thon- 
River.  sand  dollars. 

James  River.       For  the  improvement  of  James  River,  Virginia,  sixty  thousand  dol- 
lars. 
Cape    Fear     For  the  improvement  of  Cape  Fear  River,  North  Carolina,  one  bun- 
River,  dred  and  thirty-two  thousand  Ave  hnndred  dollars. 

French  Broad     For  the  improvement  of  the  French  Broad  River  between  Brevard  and 
^^^'  .  the  Buncombe  County  line,  North  Carolina,  ten  Ihousand  dollars. 

Famlloo  River      For  the  improvement  of  Pamlico  River,  North  Carolina,  fifteen  tbou- 

sand  dollars. 
Hiawassee     For  the  improvement  of  the  Hiawassee  River,  Tennessee,  ten  thou- 
River.  gaud  dollars. 

Camber  land     Por  the  improvement  of  Cumberland  River  above  the  city  of  Nasb- 
River.  ville,  Tennessee,  from  Nashville  to  the  Kentucky  lino,  fifteen  thousand 

dollars ;  and  thence  to  the  foot  of  Smith's  Shoals,  ten  thousand  dollars ; 

and  for  Smith's  Shoals,  twenty-five  thousand  dollars  ;  and  from  Smith's 

Shoals  to  the  Falls  of  the  Cumberland,  two  thousand  dollars. 

Great  Kanawha     For  the  improvement  of  the  Great  Kanawha  River,  West  Virginia, 

River.  including  the  purchase  of,  and  full  payment  for,  sites  for  dams  and 

locks,  between  the  Great  Falls  and  the  Ohio  River,  not  exceeding  fif- 
teen thousand  dollars,  two  hnndred  and  seventy  thousand  dollars 
Little  Kanawha     For  removal  of  Beaver  and  Nailor  Bend  rocks,  and  for  cleaning  out 
^^^'''  snags  and  fallen  trees  in  the  little  Kanawha,  West  Virginia,  seven  thou- 

'       sand  and  three  hnndred  dollars. 
Savannah.  For  the  improvement  of  the  harbor  at  Savannah,  Georgia,  sixty-two 

thousand  dollars. 
Chattahooohie     For  the  improvement  of  the  Cbattahoochie  and  Flint  Rivers,  Georgia, 
and  Flint  Rivers,  twenty  thousand  aollars. 
Cypress  Bayon.     For  continuing  the  work  of  dredging  and  removing  obstructions  to 

navigation  in  Cypress  Bayou,  Texas,  thirteen  thousand  dollars. 
Sabine  Pass,     ^^^  ^-^^  improvement  at  Sabioe  Pass,  and  for  improvement  of  Blue 
Sabine  and  Ne-  Buck  Bar  and  Sabine  Bay,  and  for  deepening  the  channel  over  the  bar 
chea  Rivers.         at  the  mouth  of  the  Sabine  River,  and  for  deepening  of  the  channel  over 

the  bar  at  the  month  of  Neches  River,  where  these  rivers  enter  Sabine 
Bay,  thirty-eight  thousand  dollars. 
Pass  Cavallo.       For  the  improvement  of  Pass  Cavallo,  inlet  to  Matagorda  Bay,  Texas, 

twenty  thousand  dollars. 
Coosa  River.         Por  the  improvement  of  the  Coosa  River,  Geor<ria  and  Alabama  be- 
tween Rome  and  the  Selma,  Rome  and  Dalton  Railroad  bridge,  thirty 
tbonsand  dollars. 
Ouchiu  River.      For  the  improvement  of  Ouchita  River,  Arkansas  and  Louisiana, 

twelve  thousand  dollars. 
Cedar  Keys.         For  the  improvement  of  the  barbor  at  Cedar  Keys,  Florida,  ten  thou- 
sand dollars. 
Lower  Willam.     For  the  improvement  of  the  Lower  Willamette  and  Columbia  Rivera 
bia\lver8^^^""  ^^^^  Portland,  Oregon,  to  the  sea,  twenty  thousand  dollars.     . 

Upper  WiUam-     ^^  or  the  improvement  of  the  Upper  Willamette  River,  Oregon,  twenty 
ette  £ver.  thousand  dollars. 

Upper  Colam-     For  the  improvement  of  the  Upper  Columbia,  including  Snake  River, 
bia  Rivor.  fifteen  thousand  dollars. 

Oakland   Har-     Per  the  improvement  of  Oakland  Harbor,  California,  to  be  applied  to 
bor.  finishing  training  walls  and  dredging  between  them,  seventy-five  thou- 

sand dollars. 
San  Joaquin     For  the  improvement  of  San  Joaqnin  River,  California,  twenty  tbon- 
River.  sand  dollars. 

Delaware  River.     Por  the  improvement  of  the  Delaware  River  below  Petty  *s  Island, 

'  forty  thousand  dollars. 
Red  River.  For  removing  raft  in  Red  River  and  closing  Tone's  Bayou,  Louisiana, 

thirty-five  thousand  dollars. 
Little  Sodns     For  the  improvement  of  the  harbor  at  Little  Sodus  Bay,  New  York, 
^y*  five  thousand  dollars. 

Schuylkill     For  the  improvement  of  the  Schuylkill  River,  Pennsylvania  twenty 
JW^®*".  thousand  dollars. 

Bridgeport.  Por  the  improvement  of  the  harbor  at  Bridgeport,  Connecticut,  ten 

thousand  dollars. 
Southport.  ^^^  improvement  of  the  harbor  at  Southport,  Connecticut,  five  thoa- 

sand  dollars. 
Black  Lake.  For  the  improvement  of  the  harbor  at  Black  Lake,  Michigan,  fifteea 

thousand  dollars. 
Saugatack.  ^^^  ^^®  improvement  of  the  harbor  at  Saugatuck,  Michigan,  three 

thousand  dollars. 
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For  the  improvement  of  the  harbor  at  Saint  Joseph's,  Michigan,  Saint  Joseph's, 
twelre  thonsand  dollars. 

For  the  improvement  of  the  harbor  at  Manitowoc,  Wisconsin,  eight  Manitowoc. 
tboQsand  dollars. 

For  the  improvement  of  the  harbor  at  Sheboygan,  Wisconsin,  six  Sheboygan. 
thoosaDd  dollars. 

For  the  improvement  of  the  harbor  at  Port  Washington,  Wisconsin,  Port  Washing. 
Bgbt  thonsand  dollars.                                                                                    ^°* 

For  the  improvement  of  the  harbor  at  Oawego,  New  York,  ninety  Oswego, 
thonsand  dollars. 

For  the  improvement  of  Hndson  River,  fifty  thonsand  dollars.  Hndson  River. 

For  the  improvement  of  the  Appomattox  River,  Virginia,  thirty  thon-  Appom  a  1 1  o  x 
8and  dollars.                                                                                                            River. 

For  the  improvement  of  the  Sonth  Branch  of  Elizabeth  River,  Vir-  Sontb   Branch 
gioia,  five  thonsand  dollars.                                                                              Blizabeth  River. 

For  the  improvement  of  Nansemond  River,  Virginia,  five  thonsand  Nansemond 
dollars.                                                                                                               ^^•^^ 

For  the  improvement  of  the  Yazoo  River,  Mississippi,  fifteen  thonsand  Yaaoo  River, 
dollars. 

For  the  improvement  of  White  River  at  Buffalo  Shoals,  Arkansas,  ten  White  River, 
thousand  dollars. 

For  the  improvement  of  Perqnimons  River,  North  Carolina,  two  thon-  Perq  a  i  m  on  s 
sand  five  hundred  dollars.                                                                               River. 

For  the  improvement  of  the  harbor  at  Charleston,  Sonth  Carolina,  ten  Charleston, 
thonsand  dollars. 

For  the  improvement  of  the  Etowah  River,  Georgia,  ten  thonsand  Etowah  River, 
dollars. 

For  the  improvement  of  the  Ocmnlgee  River,  Georgia,  fifteen  thon>  OcmnlgeeRiver. 
sand  dollars. 

For  the  improvement  of  New  River  from  the  lead-mines  in  Wythe  New  River. 
County,  Virginia,  to  the  month  of  Green-brier  River,  West  Virginia, 
fifteen  thonsand  dollars. 

For  the  improvement  of  the  harbor  at  Norfolk,  Virginia,  thirty-five  Norfolk. 

thonsand  dollars.  "Warrior    ajnd 

For  the  improvement  of  the  Warrior  and  Torabigbee  River,  Alabama,  T  o  m  b  i  g  b^e  e 
fifteen  thonsand  dollars.  Rivers. 

For  the  improvement  of  the  Choctawhatchie  River,  Florida  and  Ala-     Choctaw  h  a  t  • 
bama,  five  thonsand  dollars.  <*^«  River. 

For  con  tinning  the  improvement  on  the  onter  bar  at  Galveston,  Texas,     Galveston. 
one  handled  and  forty-two  thonsand  dollars. 

For  the  improvement  of  the  Missouri  River  above  the  month  of  the    HissoarlRiver. 
Yellowstone,  twenty  thonsand  dollars. 

For  the  improvement  of  Chester  River  at  Kent  Island  Narrows,  Mary-     Chester  River, 
land,  five  thonsand  dollars. 

For  the  improvement  of  the  Wicomico  River,  Maryland,  five  thonsand     Wi  o  o  m  i  o  o 
dollars.  River. 

For  the  improvement  of  the  harbor  at  Michigan  City  Indiana,  thirty    Michigan  City 
^Te  thousand  dollars.  • 

For  the  improvement  of  the  channel  of  the  Mississippi  River  oppo-    Mississippi 
site  the  city  of  Saint  Lonis,  Missonri,  by  the  construction  of  a  low  dam  River. 
across  the  channel  east  of  Arsenal  island,  known  as  Cahokia  Chute, 
and  in  the  revetment  of  said  island,  twenty-nine  thousand,  six  hundred 
doliais. 

For  the  improvement  of  the  Rush  Chute  and  the  harhor  of  Burling-    Barlington. 
ten,  Iowa,  ten  thousand  dollars. 

For  the  improvement  of  the  harhor  at  Fort  Madison,  Iowa,  ten  thou-    Fort  Madison, 
sand  dollars. 

For  the  improvement  of  the  harbor  at  South  Haven,  Michigan,  ten    sonth  Haven. 
thoDsaod  dollars. 

For  the  improvement  of  Saint  Mary's  River  and  Saint  Mary's  Falls    Saint  Mary's 
Canal,  Michigan,  one  hundred  and  thirty  thousand  dollars.  River. 

For  the  improvement  of  the  harbor  at  Cheboygan,  Michigan,  ten     Cheboygan. 
thoQiaod  dollars. 

For  the  improvement  of  An  Sable  River,  Michigan,  one  thousand  dol-    AuSableRiver 
Urg. 

For  the  improvement  of  the  Saginaw  River,  Michigan,  eleven  thon-    saginaw  River 
nod  dollars. 

For  the  improvement  of  the  harbor  at  Milwaukee,  Wisconsin,  twea  ty-    Milwaukee, 
six  thousand  dollars. 
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Kenosha.  For  the  improvement  of  the  harbor  at  Kenosha,  Wisconsin,  eight 

thonsand  dollars. 

Missisai  ppl  For  the  improvement  of  the  Mississippi  River  above  the  Falls  of  Saint 
River.  Anthony,  twenty  thousand  dollars ;  no  part  of  which  shall  be  expended 

upon  the  Falls  of  Saint  Anthony. 

Monroe.  For  the  improvement  of  the  harbor  at  Monroe,  Michigan,  five  thou- 

sand dollars. 

Charlevoix.  For  the  Improvement  of  the  harbor  at  Charlevoix,  Michigan,  ten  thon- 

sand dollars. 

Thunder  Bay.  For  the  improvement  of  the  harbor  at  Thunder  Bay,  Michigan,  fonr 
thousand  five  hundred  dollars. 

Ashtabala.  For  the  improvement  of  the  harbor  at  Ashtabula,  Ohio,  five  thousand 

dollars. 

Port  Clinton.  For  the  improvement  of  the  harbor  at  Port  Clinton,  Ohio,  five  thou- 
sand dollars. 

FairpoH.  For  the  improvement  of  Fairport  Harbor,  Ohio,  five  thonsand  dollars. 

Black  Kiver.  For  repair  of  piers  at  mouth  of  Black  River,  Ohio,  six  thousand  dol- 
lars. 

Fox  and  Wis-  ^^^  ^^®  improvement  of  the  Fox  and  Wisconsin  Rivers,  two  hundred 
consin  Bivers,      and  seventy  thousand  dollars. 

2^Q  For  the  improvement  of  the  harbor  at  Erie.  Pennsylvania,  forty  thou- 

sand dollars. 

Block  Island.  For  the  improvement  of  the  breakwater  at  Block  Island,  Rhode 
Island,  forty  tnonsand  dollars. 

Boston.  Por  the  improvement  of  the  Boston  Harbor,  Massachusetts,  fifty  thou- 

sand dollars. 

Little  Narra-  ^^^  ^^®  improvement  of  Little  Narragansett  Bay,  Rhode  Island  and 
gansett  Bay.        Connecticut,  five  thousand  dollars. 

Kennebunk  ^^^^  ^^®  improvement  of  the  Kennebnnk  River,  Maine,  five  thousand 
Biver.  dollars. 

Belfast  ^^^  ^^®  improvement  of  Belfast  Harbor,  Maine,  five  thousand  dollars. 

Bonndont.  ^^^  ^^^®  improvement  of  the  harbor  at  Ronndout,  New  York,  thirty 

thousand  dollars. 

Port  Jefferson.  For  the  improvement  of  the  harbor  at  Port  Jefferson,  Long  Island, 
New  York,  six  thousand  dollars. 

Btaten  Island  For  the  improvement  of  the  channel  between  Staten  Island  and  New 
Channel  Jersey,  ten  thousand  dollars. 

Provincetown.  For  the  improvement  of  the  harbor  at  Provinoetown,  Massachusetts, 
four  thousand  dollars. 

New  Castle.  ^^^  ^^^  construction  of  piers  of  Ice  Harbor,  and  removing  obstruc- 
tions at  New  Castle,  Delaware,  twelve  thonsand  dollars. 

Harbor  of  Ref-  For  the  improvement  of  the  Harbor  of  Refuge,  Lake  Huron,  Michi- 
oge,LakeHaron.  gan,  including  removal  of  the  wreck  of  the  **  City  of  Buffalo,''  seventy- 
five  thousand  dollars. 

Chippewa  For  the  improvement  of  the  Chippewa  River,  Wisconsin,  ten  thousand 
River.  dollars.      . 

Wabash  River.     ^^^^  ^^^^  improvement  of  the  Wabash  River,  Indiana,  seventy  thou- 

,  '  sand  dollars. 

Calnmet  ^^'  ^^®  improvement  of  the  harbor  at  Calumet,  Illinois,  twenty  thou- 

sand dollars. 
Illinois  River.       For  the  improvement  of  the  Illinois  River,  Illinois,  forty  thousand 

dollars. 
Red   River  of     ^^^  ^^^  improvement  of  the  Red  River  of  the  North,  Minnesota,  ten 
the  North.  thousand  dollars. 

Upper  Missis*     ^^^  *^®  improvement  of  the  Upper  Mississippi  River,  thirty  thousand 
slppi  River.         dollars ;  and  seven  thousand  dollars  thereof  may  be  applied,  if  the  Sec- 
retary of  War  shall  deem  it  for  the  public  interest,  in  constructing  the 
Bell's   wing-  Q^ossary  machinery  used  in  Captain  Edward  Bell's  process  for  building 
dams.  wing-dams,  and  applying  said  process  in  the  improvement  of  said  river. 

Rook  Island  ^^^  ^^®  improvement  of  Rock  Island  Rapids,  Mississippi  River,  twenty- 
Rapids,  five  thousand  dollars. 

Mississippi,     For  the  improvement  of  the  Mississippi,  Missouri,  and   Arkansas 
Missouri, and Ar- Rivers,  one  hundred  thousand  dollars:  Provided^  That  ten  thousand 
kausas  Rivers,     dollars  thereof  shall  be  expended  for  removing  the  bar  at  Fort  Smith, 
Proviso.  Arkansas :  And  provided  farther y  That  forty   thousand   dollars  of  the 

above  sum  shall  be  expended  on  the  Missouri  River,  including  improve- 
ments opposite  Saint  Joseph,  Missouri,  and  at  Nebraska  City. 
Mississippi.     For  the  improvement  of  the  Mississippi  River  between  the  mouths  of 
River.  *  the  Illinois  and  Ohio  Rivers,  (Hfteen  thousand  dollars  of  which  are  to  be 

expended  between  the  mouths  of  the  Illinois  and  Missouri  Rivers,  and 


EEPORT  OF  THE  CHIEF  OF  ENGINEERS.         143 

thirty  ihoasand  dollars  of  which  are  to  be  expended  between  the  foot  of 

Dickey  Island  and  the  month  of  the  Ohio  River,  and  five  thousand  dol-     Howezpended. 

Itts  of  which  are  to  be  expended  between  islands  Number  Fourteen  and 

Number  Fifteen  near  the  town  of  Kaskasia,  Illinois,)  two  hundred 

tbooaand  dollars. 

For  removal  of  a  bar  in  the  Mississippi  River  opposite  Dubuque,  Iowa,    Mississippi 
fifteen  thousand  dollars.  River. 

For  the  improvement  of  the  Ohio  River,  one  hundred  and  seventy-    Ohio  Kiver. 
fire  thousand  dollars. 

For  the  annual  expense  of  ganging  the  waters  of  the  Lower  Missis-     Lower  MiBslB- 

sippi  and  its  tributaries  and  for  continuing  observations  of  the  rise  and  sippi*      g»a/^ng 

fall  of  the  same,  as  required  by  joint  resolution  of  February  twenty-  ^i^^Rea.40 

first,  eighteen  hundred  and  seventy-one,  five  thousand  dollars.  *  le  st,  508. 

R  S.,'  $  ^  p. 
1021. 

For  the  improvement  of  the  Tennessee  River,  two  hnndredani  sev-    TenneiceeBiv- 

enty  thousand  dollars ;  fifteen  thonsand  dollars  of  which  are  to  be  ex-  ™' 

pended  above  Chattanooga,  and  the  remaining  two  hundred  and  fif(<y- 

five  thousand  dollars  are  to  expended  upon  Muscle  Shoals. 

To  ascertain  in  current  and  next  fiscal  years,  as  reqnire<l  by  act  of    soath  Pass  of 
March  third,  eighteen  hundred  and  seventy-five,  the  depth  of  water  and  Mississippi  Blv- 
width  of  channel  secured  and  maintained,  from  time  to  time,  by  James  er.    d  ep  th    of 
B.  Eads,  at  South  Pass  of  the  Mississippi  River,  and  to  enable  the  Sec-  ^^^'* 
retary  of  War  to  report  during  the  construction  of  the  work  the  pay-     jg-^j  ^j^^  ^^ 
ments  made  from  time  to  time  and  the  probable  times  of  other  pay-     ig  s^i^^.^  45^ 
ments,  and  to  report  during  the  construction  of  the  work  all  important 
facts  relating  to  the  progress  of  the  same,  materials  nsed,  and  the  char- 
acter and  permanency  with  which  the  said  jettee  and  auxiliary  works 
are  being  constructed,  fifteen  thousand  dollars. 

For  the  construction  of  a  canal  around  the  cascades  of  the  Columbia    Colambia  Biv- 
River  in  the  State  of  Oregon,  ninety  thousand  dollars  ;  of  which  amount  er  CanaL 
the  Secretary  of  War  is  authorized  to  expend  so  much  as,  in  his  Judg- 
ment, may  be  necessary  and  proper  to  secure  title  and  right  of  way  for 
caoal  and  locks,  not  exceeding  the  sum  of  ten  thonsand  dollars ;  and 
whenever,  in  the  prosecution  of  the  said  work,  it  shall  have  become  ne- 
ceeaa^  to  obtain  the  right  of  way  over  any  lands  for  the  said  canal  and    Proviso, 
locks,  the  Secretary  of  War  shall  take  possession  of  and  use  the  said 
lands,  after  having  purchased  the  same,  or,  in  case  the  said  lands  can- 
not be  purchased  for  a  reasonable  price,  then  after  having  paid  for  the 
aame,  or  secured  the  value  thereof,  which  value  may  be  ascertained  in 
the  mode  provided  by  the  laws  of  Oregon  for  the  condemnation  of  lands 
for  pablic  usee  in  that  State.    The  Department  of  Justice  shall  represent 
ihemterests  of  the  United  States  in  any  legal  proceedings  under  this  > 

act  to  obtain  the  right  of  way  for  said  canal. 

For  the  improvement  of  the  harbor  at  Racine,  Wisconsin  eight  thou-    Baoine. 
sand  dollars. 

For  the  continuing  of  the  work  on  the  ship-channel  in  Galveston  Bay,     Galveston  Bay. 
seventy-two  thousand  dollars ;  to  be  expended  between  Red  Fish  Bar 
and  Morgan's  Point. 

For  the  improvement  of  the  month  of  the  Mississippi  River,  one  bun-    -^^q^i^  ^f  2^^. 
dred  thonsand  dollars :  Providedy  That  this  appropriation  shall  not  be  gisHippi  Kiver. 
available  whenever  and  so  long  as  there  shall  be  an  open  channel  of    Provisa 
eighteen  feet  of  water,  at  mean  tide,  to  and  from  the  sea  through  the 
Soatb  Pass  of  the  Mississippi  River  to  the  port  of  New  Orleans. 

It  shall  be  the  duty  of  the  Secretary  of  War  to  apply  the  moneys     How  appropri- 
herein  appropriated  as  far  as  may  be  by  contract,  except  when  specific  ations  to  be  ap- 
estimates  cannot  be  made  for  the  particular  work,  or  where,  in  the  iudg-  P^*®?^  ^  ^    ®*' 
meat  of  said  Secretary,  the  work  cannot  be  contracted  at  prices  advan-  P®**"®"* 
tageoos  to  the  Government,  and  except  the  appropriations  made  for 
examinations  and  surveys ;  and  such  contracts  shall  be  made  after  suf- 
ficient pablic  advertisement  for  proposals,  in  such  form  and  manner  as 
the  Secretary  of  War  shall  prescribe ;  and  such  contracts  shall  be  made 
with  the  lowest  responsible  bidders  therefor,  accompanied  by  such  secu- 
rities as  the  Secretary  of  War  shall  require. 

Sec.  2.  That  the  Secretary  of  War  is  hereby  directed  to  cause  a  survey    Sarvey  of  ship- 
for  a  8hi])-channel  through  Galveston  Bay,  beginning  at  twelve  feet  water  channel  in  Gal- 
in  the  mouth  of  the  San  Jacinto  River  and  running  out  of  the  month  of  ^®*^"  ^^y- 
8iid  river  east  of  Morgan's  Point  to  the  present  channel,  throngh  Red 
Fish  Bar ;  thence  throngh  the  same,  extending  through  Galveston  Har- 
bor, passing  west  of  Half  Moon  Shoals  and  Pelican  Island,  and  to 
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twelve  feet  water  in  Galveston  Channel ;  and  to  canse  an  estimate  of 
the  cost  of  the  same  to  be  made  and  of  the  comparative  merits  of  the 
same,  with  the  ronte  to  the  head  of  Bolivar  Channel ;  and  of  the  effects 
of  the  completion  of  each  of  said  channels  on  the  Galveston  Harbor  as 
to  shoaling  or  deepening  the  same,  and  report  the  same  to  Congress  by 
the  first  day  of  December,  eighteen  hundred  and  seventy-six,  the  cost 
thereof  not  to  exceed  ten  thoasand  dollars,  to  be  paid  ont  of  the  forty 
Appropriation  thousand  dollars  hereinafter  appropriated.    And  the  sum  of  forty  thoa- 
for  repairs  and  gund  dollars  is  hereby  appropriated  for  incidental  repairs  of  harbors  for 
anrreyB.  which  there  is  no  special  appropriation  provided  for  by  law,  and  for  ex- 

amination and  snrvey  of  such  rivers  and  harbors,  as  in  the  judgment 
of  the  Secretary  of  War,  will  subserve  the  general  interests  of  com- 
merce. 
Reports bv  Sec-     gEc.  3.  That  the  Secretary  of  War  is  hereby  directed  to  report  to 
newMarv   le«U-    ^"^'^^  ^^  ^^®  ^™^  Monday  of  December  next  what  legislation,  in  his 
lation  a^  nnlaw-  opinion,  is  necessary  to  protect  the  breakwaters,  piers,  and  other  public 
fal  aae  of  piers,  Works  constructed  by  the  United  States  against  trespasses  upon  or  in- 
«tc,  jury  thereto ;  and  the  Secretary  of  War  is  hereby  directed  to  report  to 

Congress  at  its  next  session  all  the  instances  in  the  United  States  in 
which  piers,  breakwaters,  or  other  structures  or  works  built  or  made 
by  the  United  States  in  aid  of  commerce  or  navigation,  are  used,  occu- 
pied, or  injured  by  a  corx)oration  or  an  individual,  and  the  extent  and 
mode  of  such  use,  occupation,  or  injni^,  and  the  facts  touching  the 
same.  Any  person  who  shall  wilfully  and  unlawfully  injure  any  pier, 
breakwater,  or  other  work  of  the  United  States  for  the  improvement 
of  rivers  or  harbors  or  navigation  in  the  United  States,  shall,  on  con- 
viction thereof,  be  punished  by  a  fine  not  exceeding  one  thousand  dol- 
lars. 
Approved^  Anguft  14, 1876. 


Aug.  15, 1876.     CHAP.  2S7.— An  act  making  appropriationi  for  the  legislatiyA,  exectftive,  and  Jndi- 

cial  expenses  of  the  Government  for  the  year  ending  June  thirtletli,  eighteen  hau« 

dred  and  seventy-seven,  and  for  other  purposes. 

Appropriations     ^e  it  enacted  by  the  Senate  and  House  of  Eepresentativee  of  the  United 
e*e  utl  •  "^ndTu  '^^^  ^f  -'^'wwcfl  in  Congress  aasembledf  That  the  following  sums  be,  and 
dfcial  expenses.    ^^^  same  are  hereby,  appropriated,  out  of  any  money  in  the  Treas- 
ury not  otherwise  appropriated,  in  full  compensation,  for  the  service  of 
the  fiscal  year  ending  June  thirtieth,  eight«en  hundred  and  seventy- 
seven,  for  the  objects  hereinafter  expressed,  namely  : 


PUBLIC  BUILDINGS  AMD  GROUNDS. 

Salaries.  Yot  clerk  in  the  Office  of  Public  Buildings  and  Grounds,  one  thousand 

four  hundred  dollars. 
For  messenger  in  the  same  office,  eight  hundred  and  forty  dollars. 
For  landscape  gardener,  one  thousand  eight  hundred  dollars. 
For  the  laborer  in  charge  of  the  water-closets  in  the  Capitol,  seven 
hundred  and  twenty  dollars. 

For  a  foreman  and  laborers  emploved  in  the  public  grounds,  fifteen 
thousand  four  hundred  and  fifty-six  dollars. 

For  two  laborers  in  the  Capitol,  one  thousand  four  hundred  and  forty 
dollars. 

For  furnace-keeper  in  charge  of  heating  apparatus  under  the  old  hall 

of  the  House  of  Representatives,  eight  hundred  and  sixty  four  dollars. 

For  the  person  in  charge  of  the  heating  apparatus  of  the  Library  of 

Architect     of  Congress  and  other  steam-heating  apparatus  in  the  central  building, 

Capitol  to  have  eight  hundred  and  sixty-four  dollars :  Provided,  That  the  Architect  of 

J*' Wj®®'^'*P^^®Uhe  Capitol  shall  have  the  care  and  superintendence  of  the  Capitol 

including,  lighting,  and  shall  submit  through  the  Secretary  of  the  Inte- 
rior, estimates  thereof:  And  provided  further,  That  all  the  duties  rela- 
tive to  the  Capitol  building  heretofore  performed  by  the  Commissioner 
OlBce  of  public  buildings  and  grounds,  shajl  hereafter  be  performed  by  the 

Architect  of  the  Capitol,  whose  office  shall  be  in  the  Capitol  building. 
ExecntiveMan-     For  the  following  employees  at  the  Executive  Mansion,  namely  :  For 
sion,  emplo3'6s.    fumace-keeper,  eight  hundred  and  sixty-four  dollars;  one  night-watch- 
roan,  at  nine  hundred  dollars;  one  night  usher,  at  one  thousand  two 
hundred  dollars ;  two  day-ushers,  one  at  the  President's  door  and  One  at 
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tbe  door  of  the  Secretary  at  one  thousand  two  hundred  dollars  each  • 
and  two  door-keepers  at  twelve  hundred  dollars  each ;  in  all,  seven' 
thousand  seven  hundred  and  sixty-fonr  dollars. 

For  two  draw- keepers  for  Navy- Yard  and  Upper  Bridges,  and  for  fuel,    Draw-keepers. 
oil,  and  lamps,  oue  thousand  six  hundred  dollars. 

For  watohman  in  Franklin  Square,  seven  hundred  and  twenty  dollars.     Watohmen    in 

For  watchman  at  La  Fayette  Square,  seven  hundred  and  twenty  dol-  grousda. 
lire. 

For  two  watchmen  in  Smithsonian  Grounds,  at  seven  hundred  and 
twenty  dollars  each,  fourteen  hundred  and  forty  dollars. 

For  one  hridge-keeper  at  Chain  Bridge,  seven  hundred  and  twenty    Bridge- keeper. 

doUara.  ^ 

For  continjcent  and  incidental  expenses,  five  hundred  dollars.  Contingent  ex- 

9         "^      %  «  «*  •  «  penaes. 

Ik  thr  Office  of  thb  Chief  of  Engineers. — One  chief  clerk,  at    Engineer    Bn- 
two  thousand  dollars ;   four  clerks  of  class  four ;    three  clerks  of  class  ^^^^' 
three ;  three  clerks  of  class  two ;  three  clerks  of  class  one ;  oue  messen- 
ger ;  two  laborers ;  in  all,  twenty-four  thousand  and  eighty  dollars. 

For  contingent  expenses,  namely :  For  stationery^  office  furniture, 
miscellaneous  and  incidental  expenses,  including  purchase  of  profes- 
sional books  and  maps,  three  thousand  dollars. 

«  «  •  «  *  «  « 

Sec.  8.  That  for  the  purpose  of  defraying  the  expenses  of  a  survey  of    Snrvey     of 
the  Union  Pacific  and  Central  Pacific  Railways  between  Council  Bluffs,  ^^i®°  ^*°,*t}^ 
Iowa,  and  Sacramento,  California,  to  be  made  in  pursuance  of  the  resohi-  ^"g|j  R^iwaya^* 
lion  of  the  House  of  Representatives  passed  the  twelfth  day  of  July,    p^^  p.  317 
ei|^hteen  hundred  and  seventy-six,  ten  thousand  dollars.  ' 

Approved,  August  15, 1876. 


Ang.  15, 1876. 

[No.  82.]  Joint  resolution  amending  the  Eiebth  Seotion  of  the  act "  making  appro- 
priations  for  the  leEialative,  ezecntivo,  and  Judicial  expenses  of  the  Government  for 
the  year  ending  Jime  thirUetb,  eighteen  hundred  and  aeventy-seyen,  and  for 
otherpnrpoees."  1876,     ch.   987, 

*^  Ante,     p.    169. 

Be  it  rewlted  by  the  Senate  and  House  of  Eepreeentativee  of  the  United  amended. 

States  of  America  in  Congress  assembledf  That  section  eight  of  the  act 

making  appropriations  for  the  legislative,  executive,  and  judicial  ex- 

oenses  of  the  Government  for  the  year  ending  June  thirtieth,  eighteen 

hondred  and  seventy-seven,  and  for  other  purposes,  be  amended  by 

striking  out  the  words  "twelfth  day  of  July,'' and  inserting,  in  lieu 

thereof  the  words  **  nineteenth  day  of  July.'' 

Approved,  August  15,  1876. 


FORTY-FOURTH  CONGRESS.  FIRST  SESSION. 

COXGRESS  OF  THE  UNITED  STATES, 

In  the  House  of  Representatives^  July  19, 1876. 

Mr.  Jenks  submitted  the  following,  which  was  agreed  to : 

Whereas  it  is  alleged  that  the  measurements  of  the  distances  on  the  Union  Pacific 
and  Central  Pacific  Railroads  upon  which  bonds  were  issued  by  the  Government  to  the 
companies  owning  said  railroad,  was  hastily  and  inaccurately  made ;  therefore, 

Resolted  by  the  House  of  Representatives,  That  the  Secretary  of  War  be  requested  to 
detail  a  suflBcient  force  from  the  Engineer  Corps  of  the  Army  to  make  a  careful  and 
exact  snrvey  of  the  distances  of  said  roads  between  Omaha  and  Sacramento,  distin- 
gnishing  between  the  sections  for  which  bonds  were  issued  to  the  companies  at  differ- 
ent rates,  exhibiting  the  number  of  miles  at  each  rate,  designating  the  points  between 
which  the  diflFerent  rates  were  charged,  and  repf>rt  the  result  of  the  survey  to  this 
House  at  the  commencement  of  the  next  session  of  Congress. 

Attest: 

Geo.  M.  Adams,  Cleric. 

10  E 
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Aug.  15, 1876.    CHAP.  303.— An  act  to  antborise  the  oonstraotion  of  a  bridge  aorosB  the  Mlesoiiri 
River  at  or  near  Sionx  City,  Iowa. 


ToUs. 


Proviso. 


Proviso. 


Proviso. 


_  S  i  0  n  X  City     Beit  enacted  hy  the  Sen  ate  and  House  of  Representatives  of  the  United  States 
™°«®^^^°yo/Jwimcain  Congress  assembled,  That  it  shall  be  lawful  for  the  Sioux 
bridge   across  ^i^y  Bridge  Company,  a  corporation  organized  for  that  purpose  under 
Missouri  Biver.    the  general  corporation  laws  ot  the  State  of  Iowa,  or  its  assigns,  to  con- 
struct, under  and  subject  to  the  conditions  and  limitations  hereafter 
provided,  a  bridge  across  the  Missouri  River  at  or  near  Sioux  City,  Iowa, 
and  lay  on  and  over  said  bridge  railway  tracks,  for  the  more  perfect  con- 
nection of  any  and  all  railways  that  now  are,  or  which  may  hereafter 
be,  constructed  to  tbe  Missouri  River  at  or  near  Sioux  City,  or  to  the 
river  on  the  opposite  side  of  the  same  near  Sioux  City,  and  buUd, 
erect,  and  lay  on  and  over  said  bridge  ways  for  wagons,  vehicles  of  all 
kinds,  and  for  the  transit  of  animals,  and  to  provide  ways  for  foot- 
passengers,  and  to  keep  up  and  maintain  and  operate  said  bridge 
tor  the  purposes  aforesaid ;  and  that  when  said  bridge  is  constructed  aU 
Use  of  by  rail-  trains  of  all  railroads  terminating  at  said  river,  and  on  the  opposite  side 
"^■y**  thereof,  at  or  near  Sioux  City,  Iowa,  sball  be  allowed  to  cross  said  bridge 

for  reasonable  compensation,  to  be  made  to  the  owners  of  the  same, 
under  the  limitations  and  conditions  hereinafter  named.  The  owners  of 
said  bridge  may  also  charge  and  receive  reasonable  compensation  or 
tolls  for  tne  transit  over  said  bridse  of  all  wagons,  carriages,  vehicles, 
animals  and  foot-passengers :  Provided,  That  Congress  may  at  any  time 
prescribe  such  rules,  regulations,  and  rates  of  toll  for  transit  and  trans- 
portation over  said  bridge  as  may  be  deemed  proper  and  reasonable. 
Howtobe built  Sec.  2.  That  any  bridge  built  under  the  provisions  of  this  act  may,  at 
the  option  of  the  person  or  persons  or  corporation  building  the  same, 
be  built  as  a  draw-bridge,  with  a  pivot  or  other  form  of  draw,  or  with 
unbroken  or  continuous  spans:  Provided,  That  if  the  same  shall  be 
made  of  unbroken  continuous  spans,  it  shall  not  be,  in  any  case,  of  less 
elevation  than  fifty  feet  above  extreme  high- water  mark,  as  understood 
at  the  point  of  location,  to  the  lowest  part  of  the  superstructure,  with 
straight  girders,  nor  shall  the  spans  ot  said  bridge  be  less  than  three 
hundred  feet  in  tbe  clear  at  low-water  mark ;  and  the  piers  of  said  bridge 
shall  be  parallel  with  the  current  of  the  river ;  and  the  main  span  shall  be 
over  the  main  channel  of  the  river:  And  provided  also,  That  if  a  bridge 
shall  be  built  under  this  act  as  a  draw-bridge,  the  same  shall  be  con- 
structed as  a  pivot  draw-bridge,  with  a  draw  over  the  main  channel  of 
the  river  at  an  accessable  and  navagable  point  and  with  spans  of  not 
less  than  one  hundred  and  sixty  feet  in  length  in  the  clear  on  each  side 
of  the  central  or  pivot  pier  of  the  draw  ;  and  the  next  adjoining  spans  to 
the  draw  shall  not  be  less  than  two  hundred  and  fifty  feet,  and  said 
spans  shall  not  be  less  than  ten  feet  above  extreme  high-water  mark, 
measuring  to  the  lowest  part  of  the  superstructure  of  the  bridge ;  and 
the  piers  of  said  bridge  shall  be  parallel  with  the  current  of  the  river : 
And  provided  also.  That  said  draw  shall  be  opened  promptly  upon  rear- 
Bonable  signal,  without  unnecessary  delay :  And  provided  farther,  That 
the  corporation  building  said  bridge  may,  subject  to  the  approval  of  the 
Secretary  of  War,  enter  upon  the  banks  of  said  river,  either  above  or 
below  the  point  of  location  of  said  bridge,  and  confine  the  flow  of  the 
Permanent  water  to  a  permanent  channel,  and  to  do  whatever  may  be  necessary  to 
ohuinel  may  be  accomplish  said  objects,  but  shall  not  impede  or  obstruct  the  uavigatioa 

of  said  river,  and  shall  be  liable  in  damages  for  all  injuries  to  private 
property ;  and  all  plans  for  such  works  or  erections  upon  the  banks  of 
the  river  shall  first  be  submitted  to  the  Secretary  of  War  for  his  ap- 
proval: And  provided  further.  That  if  said  company  shall  elect  to  con- 
struct a  pile  and  pontoon  bridge  in  lieu  of  that  described  above,  the 
Secretary  of  War  may,  if  he  deem  it  advisable  and  not  inconsistent  with 
the  free  navigation  of  said  river,  authorize  said  compaay  to  construct 
such  bridge  as  a  pile  or  pontoon  bridge,  subject  to  the  restrictions  and 
requirements  relating  to  the  construction  thereof  contained  in  the  act 
entitled  *'An  act  to  legalize  and  establish  a  pontoon-bridge  across  the 
Mississippi  river  at  Prairie  du  Chien''  approved  June  sixth,  eighteen 
hundred  and  seventy -four,  accept  that  in  the  bridge  herein  authorized 
one  draw  only  shall  be  required,  which  shall  not  be  less  than  four  hun- 
dred feet  in  width  in  the  clear :  And  provided  further,  That  any  bridge 
built  under  the  provisions  of  this  act  shall  be  at  right-angles  to  the  cur- 
rent of  the  river. 

Nottoobstmot     Sec.  .3.  That  no  bridge  shall  be  erected  or  maintained  under  the  an- 
navigation.  thority  of  this  act  which  shall  at  any  time  substantially  or  materially 

obstruct  the  free  navigation  of  said  nvei^;  and  no  bridge  shall  be  com- 


Provlso. 
Proviso. 


made. 


Proviso. 


1874,  oh.  2S4, 
18  Stat.,  OS. 


Proviso. 
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menced  or  bailt  nnder  this  act  until  the  location  thereof  and  the  plans 
and  sjiecifications  for  its  constractlon  shall  have  been  submitted  to,  and 
approved  by,  tbe  Secretary  of  War ;  and  any  change  in  the  plan  of  such    A  pproval   of 
construction  or  any  alteration  in  the  bridge  after  its  construction  shall  plans. 
be  subject  to  tbe  like  approval ;  and  whenever  said  bridge  shall,  in  the 
opinion  of  tbe  Secretary  of  War,  substantially  obstruct  the  free  naviga- 
tion of  said  river,  be  is  hereby  authorized  to  cause  such  change  or  altera-    Alterations. 
tion  of  sidd  bridge  to  be  made  as  will  effectually  obviate  such  obstruc- 
tion ;  and  all  such  alterations  shall  be  made,  and  all  such  obstructions 
be  removed,  at  the  expense  of  the  owner  or  owners  of  said  bridge : 
and  in  case  of  any  litigation  arising  from  any  obstruction  or  allegea    LitiRstion   for 
obstruction  to  the  free  navigation  of  the  Missouri  River  at  or  near  the  SLhf-l'taiejL ****** 
crossing  of  said  bridge  caused  or  alleged  to  be  caused  thereby,  the  cause 
shall  be  commenced  and  tried  in  the  district  courts  of  either  Judicial 
district  of  Iowa  or  Nebraska  in  which  the  said  bridge  or  any  portion  of 
sacb  obstruction  touches. 

Sec.  4.  That  any  bridge  built  under  this  act  and  according  to  its  lim-  ^.P^S?^  ^^ 
itations  shall  be  a  lawful  structure,  and  shall  be  recognized  and  known  p^troa^'^ 
as  a  post-route,  upon  which  also  no  higher  charge  sh^  be  made  for  the 
transportation  over  the  same  of  the  mails,  troops,  and  munitions  of  ^harses  for 
war  of  the  United  Stotes  than  the  rate  per  mile  paid  for  their  transnor-  fo^t^tedStotM 
ta^on  over  the  railroads  or  public  highways  leading  to  such  bridge. 
Such  lights  shall  be  kept  upon  said  bridge  as  uie  Light-House  Board  shall    Lights  aXd 
direct,  and  said  bridge  shall  moreover  be  provided  with  all  proper  safe-  ssf^gnarda. 
guards  for  the  security  of  person  and  property. 

Sec.  5.  That  Congress  may  at  any  time  alter,  amend,  or  repeal  this   Bight  to  amend. 
act. 

Approved,  Ang^t  15, 1876. 


CHAP.  308.— An  act  to  amend  an  aot  entitled  "  An  act  authorizing  the  repavement  of    Aug.  15, 1876. 

Pennsylvania  Avenae.'*  


Be  U  muicUd  by  ike  Senate  and  Hotue  of  Bepresentaiives  of  the  United    1876,  oh.  S3i,  §  5 
Siaiei  of  America  in  Congress  assembledf  That  that  part  of  section  five    4^S^' 
of  an  act  entitled  '<An  aot  authorizing  the  repavement  of  Pennsylvania 
Aveone^  approved  July  nineteenth,  eighteen  hundred  and  seventy-six, 
wlu'ch  reads  as  follows :  "  Provided  That  said  pavement  shall  be  fully 
eompleted  and  ready  for  use  December  first  eighteen  hundred  and  sev-    Pavemttittof 
enty-mx"  be,  and  the  same  is  hereby  amended  so  as  to  read  as  follows :  Pennsylvania 
"^Pnnfided,  That  the  said  pavement  shall  be  fuUy  completed  and  ready  JiJ^mileted 
fornae  Janaaiy  fifteenth,  eighteen  hundred  and  seventy-seven."  ^       *  * 

Approved,  Anguat  15,  1876. 
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APPENDIX    A. 


ANNUAL  REPORT  OP  LIEUTENANT-COLONEL  GEORGE 
THOM,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30,  1876. 

United  States  Enghnbee  Office, 

Portland^  Me.y  July  13, 1876. 

GENEBAii :  I  bave  the  honor  to  transmit  herewith  my  annual  reports 
of  operations  for  the  fiscal  year  ending  June  30,  1876,  on  the  several 
river  and  harbor  improvements,  as  well  as  the  examinations  and  surveys 
of  rivers  and  harbors,  under  my  charge,  in  the  States  of  Maine,  New 
Hampshire,  and  Massachusetts. 

Very  respectfully,  your  obedient  servant, 

Geo.  Thom, 
Lieut  Col.  of  Engineers^  Bvt.  Brig.  Oen.^  U.  8.  A. 

Brig.  Gen.  A.  A.  Humphreys,  / 

Chief  of  Engineers^  U,  8.  A. 


A  I. 

IMPROVEMENT  OF  SAINT  CROIX  RIVER,  ABOVE  THE  "  LEDGE,''  MAINE. 

The  following  appropriations  have  been  made  by  Congress  for  the 
improvement  of  this  river,  viz: 

By  act  approyed  March  2, 1867. $15,000  00 

By  act  approved  March  3, 1873 10,000  00 

By  act  approved  Jane  23,  1874 10,000  00 

Total 35,000  00 

The  act  of  March  2, 1867,  contained  the  proviso  that — 

The  province  of  New  Brtinswick  contribute  and  pay  to  the  proper  disbursing  officer 
a  like  sum  for  said  purpose:  said  payment  being  made  on  condition  that  in  no  event 
shall  the  province  of  New  Brunswick  be  caUed  upon  for  more  than  half  the  sum  actu- 
ally expended  for  said  purpose. 

In  July,  1873,  information  was  received  by  the  Department  from  the 
minister  of  public  works  of  the  Dominion  of  Canada  that  $25,000  had 
been  appropriated  by  Parliament — 

For  the  removal  of  slabs,  saw-dust,  and  other  obstructions  in  the  Saint  Croix  River, 
which  rons  between  the  province  of  New  Brunswick  and  the  State  of  Maine. 
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An  accurate  survey  was  made  in  1873,  under  ray  direction,  by  Assist- 
ant Engineer  Mr.  Sophus  Haagensen,  of  this  river  from  the  "  Ledge '^ 
up  to  the  toll-bridge  between  Calais  and  Saint  Stephen's,  the  head  of 
navigation,  and  a  project  for  the  improvement  of  this  river,  with  an 
estimate  of  its  cost,  was  submitted  to  both  governments. 

On  referring  to  my  estimate  submitted  to  the  Department,  in  a  special 
report  dated  March  25^  1874,  it  is  seen  that  about  236,000  cubic  yards 
of  slabs,  edgings,  &c.,  would  have  to  be  excavated,  in  order  to 
obtain  a  channel  200  feet  wide  and  9  feet  deep  at  mean  low- water  (giv- 
ing 29  feet  at  mean  high-water)  up  to  Todd's  Ledge,  and  100  feet  wide 
with  same  depth  thence  up  to  the  toll-bridge,  the  estimated  cost  of 
which  is  $200,000. 

Now,  as  these  deposits  in  the  channel  have  been  caused  solely  by  the 
saw-mills  at  Calais,  Saint  Stephen's,  and  above,  and  as  there  does  not 
appear  to  be  any  law  or  authority  strong  enough  to  prevent  the  contin- 
uance of  this  evil,  it  has  been  decided  by  the  two  governments  (see  cor- 
respondence accompanying  my  annual  report  for  the  fiscal  year  ending 
June  30, 1874)  to  suspend  this  improvement  until  they  shall  become 
satisfied  that  there  will  be  no  further  deposition  of  the  "waste"  from 
the  saw-mills  above,  as  otherwise  there  is  no  guarantee  that  the  river^ 
if  now  improved,  would  remain  in  a  state  of  efficiency,  but  would,  in- 
stead, be  closed  again,  and  require  further  expenditure. 

The  attention  of  Congress  is  again  respectfully  asked  to  this  matter, 
and  to  the  necessity  of  some  general  law  to  protect  irom  injury  and 
obstructions  all  navigable  waters  under  the  control  of  the  United  States, 
and  for  the  improvement  of  which  Congress  has  already  made,  or  may 
hereafter  see  fit  to  make,  appropriations. 

This  river,  thronghoat  its  whole  extent,  forms  a  part  of  the  international  boundary, 
and  that  portion  of  it  for  which  improvements  are  projected  lies  within  the  collection 
district  of  Passamaquoddy,  the  nearest  port  of  enti^  i^eiug  at  Calais,  Me. 

The  lisht-hoase  nearest  thereto  is  at  Dochet's  Island,  in  Saint  Croix  River,  aboat  8 
miles  below  Calais,  and  the  nearest  fort  is  Fort  Sullivan,  at  Eastport,  Me.,  about  30 
miles  below  Calais. 

The  amount  of  dntieis  collected  at  the  port  of  Calais  during  the  year  ending  Decem- 
ber 31, 1875,  was  $15,678.68,  as  stated  by  the  deputy  collector  of  customs  at  that  port. 

Money  statement. 

Amount  available  July  1, 1875 $34, 185  58 

Amount  available  July  1, 1876 34,185  58 

Amount  (estimated)  required  for  completion  of  existing  project  on  the  part 
of  the  United  States 65,000  00 


A  2. 

IMPROVEMENT  OF  MACHIAS  RIVER,  MAINE. 

The  following  appropriations  have  been  made  for  the  improvement 
of  this  river,  viz : 

By  act  of  Congress  approved  March  3,1873 $12,000  00 

By  act  of  Congress  approved  June  23, 1874 10,000  OO 

By  act  of  Congress  approved  March  3, 1875 10,000  00 

Total 32,000  00 

The  foregoing  appropriations  have  been  made  on  an  estimate  submitted 
in  my  report  of  December  14, 1872,  to  the  Department  on  the  survey  of 
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this  river,  made  with  a  view  to  its  improvement,  which  estimate  is  as 
follows,  viz : 

1.  Opening  a  channel  from  the  draw-bridge  up  to  Machias  Falls,  at  the 
h^  of  navigation,  (a  distance  of  abont  3  milee,)  so  as  to  have  a  depth 
of  6  feet  at  mean  low-water,  (giving  19.3  feet  at  mean  high-water)  for  a 
width  of  150  feet,  requiring  the  excavation  of  65,500  cnbic  yards  of  slabs, 

ed^rings,  saw-dnst,  &c.,  at  50  cents t3'i,750  00 

2.  The  removal  of  Middle  Rock,  lying  in  front  of  the  wharves  at  Machias, 
to  a  depth  of  1  foot  below  the  plane  of  mean  low- water,  requiring  2,095 

cnbic  yards  of  excavation,  at  $5  per  cubic  yard 10,475  00 

Adding  for  engineering  expenses  and  other  contingencies,  say 4, 775  00 

Total 48,000  OO 

In  the  prosecation  of  this  work  it  has  been  deemed  advisable  to 
modify  the  project  first  submitted  (as  above)  by  diminishing  the  pro- 
posed channel  to  a  width  of  100  feet,  except  at  the  bends,  and  not 
extending  the  excavation  of  Middle  Bock  to  a  greater  depth  than  ^  a 
foot  below  the  plane  of  mean  low- water.  By  this  modiiicatioa  the  esti- 
mate has  been  rednced  as  follows,  viz : 


^ 


1.  The  removal  of  Middle  Rock,  1,350  cubic  yards,  at  $6.75  per  cubic  yard 

in  titu,  the  price  contracted  for  under  the  appropriation  of  March  3, 1873. .    $9, 112  50 

2.  17,S40  cubic  yards  of  dredging  on  shoal  between  the  Middle  Ground  and 
Middle  Rock  above,  together  with  shoal  next  above  draw-bridge,  com- 
pleted in  July,  1875,  at  75  cents  per  cubic  yard  in  »UUf  the  price  contracted 
for  under  the  appropriation  of  June  23, 1874,  and  with  unexpended  bal- 
ance of  former  appropriation 10,704  OO 

3.  20,000  cubic  yaids  of  dredging*  at  and  near  the  Middle  Ground,  con- 
tracted for  May  13, 1875,  by  Mr.  Augustus  R.  Wright,  under  the  appropri- 
ation of  March  3, 1875,  at  45  cents  per  cubic  yard,  measured  in  Hiu,  the 

Batne  to  be  completed  on  or  before  30th  of  September,  1876 9, 000  00 

Contingencies,  say 3,183  50 

Total 32,000  00 

Which  is  the  amount  that  has  already  been  appropriated  by  Congress 
for  this  work. 

As  the  shoals  in  this  river  have  been  cansed  chiefly  by  slabs,  edgings, 
and  sawdust,  thrown  into  the  river  from  the  saw-mills  at  and  above 
Machias  Fails,  they  will  of  course  continue  to  be  formed  so  long  as  the 
mills  shall  be  permitted,  as  at  present^  to  throw  their  '^  waste"  into  the 
river;  so  that  the  improvement  of  the  shoals  now  being  made  will 
doubtless  be  only  temporary  in  its  efficiency.  But  even  if  otherwise,  it 
is  believed  that  the  improvements  now  projected,  and  for  the  completion 
of  which  the  funds  now  available  are  sufficient,  will  fully  answer  the 
wants  of  the  commerce  of  this  river. 

It  is  therefore  recommended  that  no  further  appropriation  be  made 
for  this  work. 

It  is  respectfully  recommended  that  the  attention  of  Congress  be 
called  to  this  matter,  as  well  as  to  that  of  the  3aint  Croix  Biver,  with  a 
view  to  protecting  from  injury  and  obstruction  by  suitable  legislation 
these  and  all  other  navigable  waters  under  the  control  of  the  United 
States  for  the  improvement  of  which  appropriations  have  been  or  here- 
after may  be  made  by  the  United  States  Government. 

Motley  statement 

Amonnt  available  July  1,1875 $22,011  53 

AiBoaot  expended  during  the  fiscal  year  ending  June  30, 1876 12, 661  03 

Amonot ayailable  Jul^  1,1876 9,350  50 

*Tbe  dredging  under  contract  made  with  Mr.  Augustus  R.  Wright,  May  13, 1875,  was 
coffimenoed  July  5,  1876,  and  is  to  be  completed  on  or  before  the  30th  of  September^ 
1^6. 
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A3. 

IMPROVEMENT  OF  PENOBSCOT  RIVER,  ABOVE  HAMPDEN,  MAINE. 

The  work  projected  for  the  improvement  of  this  river  above  Hamp- 
den, as  estimated  for  in  my  annual  report  for  the  year  ending  Jane 
30, 1871,  which  was  based  upon  the  most  reliable  data  had  at  that  time, 
consisted — 

1.  In  the  enlargement  and  straightening  of  its  channel  through  the  sev- 
eral shoals  for  a  distance  of  three  and  a  half  miles  below  Bangor,  so  as 
to  have  a  width  of  not  less  than  200  feet,  and  a  depth  of  12  feet  at  low- 
water  (or  25  feet  at  high- water)  in  the  lowest  stages  of  the  river,  giving 
about  15  feet  at  low-water  in  its  ordinary  stages,  requiring  about  100,000 

cubic  yards  of  dredging,  the  estimated  cost  of  which  was $100, 000  00 

2.  In  breaking  up  and  removing  all  the  sunken  rocks  in  the  harbor  of  Ban- 
gor down  to  the  level  of  the  general  bed  of  the  river,  including  Inde- 
pendence Rock,  ledge  near  steamboat- wharf,  Qulliver's  Bock,  and  the 
ledge  near  Green's  Pier,  in  all  about  1,525  cubic  yards,  which,  at  an  esti- 
mated cost  of  $25  per  cubic  yard,  amounted  to 38,125  00 

Adding  for  contingencies,  say 16,  tf75  00 

Total 155,000  00 

Since  the  above  estimates  were  made  it  has  been  decided,  in  accordance 
with  the  project  submitted  April  2,  1873,  to  include  in  the  improvement 
of  this  harbor  the  removal  of  Green's  Pier  and  the  ledge  upon  which  it 
rests,  the  cost  of  which,  (iuclndiug  contingencies,)  as  since  contracted 
for,  will  amount  to  about 17,000  00 

Making  a  total  of : 172,000  00 

For  these  improvements  the  following  appropriations  have  been  made, 
to  date,  by  Congress,  viz : 

Bv  act  approved  July  11, 1870 $15,000  00 

By  act  approved  March  3, 1871 50,000  00 

By  act  approved  June  10,  1872 40,000  00 

By  act  approved  March  3,  1873 20, 000  00 

By  act  approved  June  23, 1874 20,000  00 

By  act  approved  March  3, 1875,  which  provides  that  $10,000  of  this  amount 
shall  be  expended  at  or  near  Bucksport  Narrows,  for  which  no  project  or 

estimate  had  been  made 25,000  00 

Total 170,000  00 

Of  which  amount  $160,000  only  can  be  charged  to  the  improvement  above  Hampden, 
as  heretofore  projected  and  estimated  for. 

Of  the  amount  appropriated  aft  above,  ($170,000,)  there  had  been  expended  up  to  the 
1st  of  July,  1875,  the  sum  of  $101,114.82,  leaviuj^  then  available  the  sum  of  $68,885.18, 
of  which  amount  the  act  of  March  3, 1875,  provided  that  $10,000  should  be  expended 
for  the  improvement  of  the  river  at  or  near  Bucksport  Narrows,  which  had  not  been 
included  in  the  projects  and  estimates  previously  submitted  to  the  Department ;  so 
that  there  remained  available  for  the  improvement  at  and  near  Bangor  the  sum  of 
$58,885.18. 

As  stated  in  my  annual  report  for  the  fiscal  year  ending  June  30, 
1875,  an  additional  appropriation  of  $12,000  woald  be  necessary  for 
completing  all  the  improvements  now  projected  for  the  improvement  of 
this  river  at  and  near  Bangor. 

The  progress  made  in  the  improvement  of  this  river  up  to  the  1st  of 
July,  1875,  was  as  follows,  viz : 

Independence  Rock,  Gulliver's  Bock,  ledge  near  the  steamboat  wharf, 
ledge  oflf  Dole's  planingmill  wharf,  and  the  ledge  near  Green's  Pier  were 
entirely  removed,  and  some  progress  made  in  the  removal  of  Green's  Pier 
and  Ledge,  (containing  about  460  cubic  yards,)  under  a  contract  made 
June  21,  1873,  with  Mr.  George  A.  Bailey,  of  Boston,  Mass.  Under  the 
unfinished  contract  made  May  27, 1870,  with  Mr.  A.  Boschke,  about  20,000 
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cubic  yards  of  dredging  was  done  in  1870-'71,  at  the  first  and  second  bars. 
A  ooDtract  made  May  31, 1873,  with  Messrs.  Curtis,  Fobes  &  Co.,  of  Port- 
land, Me.,  for  improving  by  dre.dging  the  channels  at  Bars  Kos.  2  and  .3, 
in  removing  the  shoal  near  Green's  Pier,  and  for  dredging  in  the  Middle 
Groand  Bar,  was  completed  in  October,  1874, 25,160  cubic  yards  having 
been  dredged  under  that  contract. 

Daring  the  fiscal  year  ending  June  30,  1876,  the  following  work  has 
been  done,  viz : 

Operations  have  been  continued  by  Mr.  George  A.  Bailey,  under  his 
contract  of  June  21, 1873,  for  the  removal  of  Green's  Pier  Ledge.  At  the 
close  of  last  season  (Kovember,  1875)  he  had  removed  about  342  cubic 
yards  of  the  ledge,  leaving  about  118  cubic  yards  still  to  be  removed 
for  its  completion.  The  continued  freshets  in  the  spring  of  1876  pre- 
vented his  resuming  work  before  the  15th  of  June,  so  that  it  is  not  prob- 
able that  he  will  complete  the  work  before  the  end  of  August,  1876. 

Under  the  appropriation  of  June  23,  1874,  a  contract  was  made  Au- 
gust 29, 1874,  with  Messrs.  Curtis,  Fobes  &  Co.,  of  Portland,  Me.,  for 
about  25,000  cubic  yards  of  dredging  on  the  Middle  Ground  Bar.  Work 
wa8  commenced  under  this  contract  in  June,  1875,  and  on  the  18th  of 
October,  1875,  at  the  close  of  the  season's  work,  8,222  cubic  yards  of 
dredging  had  been  done  under  that  contract.  Arrangements  have  been 
made  for  resuming  this  work  about  the  10th  of  July,  and  it  is  expected 
that  it  will  be  completed  on  or  before  the  30th  of  September  ne^. 

Under  the  appropriation  made  by  act  of  March  3,  1875,  by  which  it 
was  provided  that  only  $15,000  should  be  applied  to  the  continuation  of 
the  improvement  of  the  river  at  Bangor,  a  contract  was  made  May  13, 
1875,  with  Mr.  Augustus  E.  Wright,  of  Geneva,  N.  Y.,  the  lowest  bid- 
der, at  50  cents  per  cubic  yard,  for  40,000  cubic  yards,  more  or  less,  of 
dredging,  measurt'd  i7t  situ^  on  the  Middle  Ground  Bar,  in  Bangor  Har- 
bor, to  be  completed  on  or  before  the  15th  of  November,  1876.  Arrange- 
ments have  been  made  for  commencing  this  work  about  the  10th  of 
July,  1876. 

In  the  dredging  operations  of  1875,  a  ledge  was  discovered  in  this 
new  channel,  which  it  will  be  necessary  to  have  removed,  and  for  which 
no  estimate  has  hitherto  been  submitted.  But,  to  provide  for  this,  it  has 
been  decided,  with  the  sanction  of  the  Department,  to  excavate  this 
channel  to  a  depth  of  11  feet  (instead  of  12)  at  low-water,  in  the  lowest 
stages  of  the  river,  giving  14  feet  at  ordinary  low-water,  which  is 
deemed  sufficient  for  the  wants  of  commerce.  With  this  modification, 
and  owing  to  the  greatly  diminished  quantity  of  ledge  excavation  re- 
sulting therefrom,  it  is  not  thought  that  another  appropriation  will  be 
need^  for  completing  all  the  projected  improvements  of  this  river  in 
addition  to  the  $12,0(K)  asked  for  in  my  annual  report  for  the  fiscal  year 
ending  June  30, 1875. 

IMPROVEMENT  AT  AND  NEAR  BUCKSPORT  NARROVTS.. 

By  the  act  of  March  3,  1875,  making  an  appropriation  of  $25,000  for 
the  improvement  of  Penobscot  River,  it  was  provided  that  $10,000  of  it 
shoQld  be  "expended  at  and  near  Bucksport  Narrows,"  18  miles  below 
Bangor.  With  a  view  to  ascertaining  the  nature  and  extent  of  the 
desired  improvement  at  this  place,  I  bad  an  accurate  survey  made  by 
Assistant  Engineer  Mr.  A.  G.  Both,  showing  that  a  shoal,  known  as  the 
yiidiUe  Ground,  existed  in  front  of  the  wharves  of  Bucksport,  on  which 
there  was  in  some  places  but  4  feet  of  water  at  mean  low- water.  This 
shoal  was  a  serious  obstruction  to  navigation,  and,  with  the  sanction  of 
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the  Department,  it  was  decided  that  the  appropriation  ($10,000)  be  ap- 
plied to  the  removal  of  the  shoal  to  a  depth  of  12  feet  at  mean  low-water 
(or  22.3  feet  at  mean  high-water)  from  it«i  upper  extremity  downward 
to  as  great  an  extent  as  could  be  done  under  the  appropriation.  Pro- 
posals were  accordingly  invited  for  this  woric  until  the  12th  of  July,  1875, 
when  the  contract  therefor  was  awarded  to  Messrs.  (Jurtis,  Fobes  &  Co., 
of  Portland,  Me.,  the  lowest  of  two  bidders,  for  60,000  cubic  yards,  more 
or  less,  of  dredging,  at  12J  cents  per  cubic  yard,  as  measured  in  the 
scows.  This  contract  (dated  July  16,  1876)  was  completed  on  the  21st 
of  October,  1876,  resulting  in  6J  ,910  cubic  yards  of  dredging. 

All  the  surveys  and  operations  pertaining  to  the  improvement  of  this 
river  have  been  carried  on  during  the  past  four  years  under  the  imme- 
diate superintendence  of  Assistant  Engiueer  Mr.  A.  O.  Both. 

Abstracts  of  proposals  received  and  contracts  made  during  the  past 
year  are  hereto  appended. 

Money  statement. 

AmouDt  available  July  1, 1875 $68,885  18 

AmouDt  expended  during  fiscal  year  ending  J  ane  30, 1876 23, 840  90 

Amoant  available  July  1, 1876;  including  $1,022  due  on  contracts 45,044  28 

Amount  appropriated  by  act  approved  August  14,  1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 6, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.      6, 000  00 

Ahstract  of  proposals  received  July  12, 1875,  for  dredging  at  Buokeport  Narrower  Penobscot 

BiveTy  Maine. 


Bidders. 

Katnre  of  work. 

Price  per  onbio 
yard. 

Bemarks. 

1 

Cartis,  Fobes  &  Co.,  Portland,  Me 

ChArlftA  TT.  Tif^wifi.  Poston.  Ma<mi  . . ,  r  - . . . . 

Dredirinff 

39.9 

As  measnred  in  the  soowa. 

2 

....do  ............. 

Do. 

Abstract  of  oonirtuit  made  during  the  fiscal  year  ending  June  30, 1876,  for  the  improvement 

of  Penobscot  Biver^  Maifie. 


1 

s 

Con  tractor. 

Nature  and  location  of  work. 

Price  per  onbio 
yard. 

Remarks. 

1875. 
Jniyl6 

Curtis.  Fobes  Sc  Co., 
Portland,  Me. 

Dred^ng   50,000   onbio   yards, 
more  or  less,  at  Bncksport  Nar- 
rows. 

to  m 

As  measured  in  the  scows. 

A  4. 

IMPROVEMENT  OF  CAMDEN  HARBOR,  MAINE. 

The  foUowiug  appropriations  have  been  made  for  the  improvement  of 
this  harbor,  viz : 

By  act  of  Congress  approved  March  3, 1873 $10,000  00 

By  act  of  Congress  approved  Jane  23,  1874 10,000  00 

By  act  of  Congress  approved  March  3, 1875 10,000  00 

Total 30,000  00 


REPORT   OF   THE    CHIEF   OF   ENGINEERS.  157 

These  appropriations  were  based  on  au  estimate  submitted  by  me  to 
the  Department,  December  17, 1872,  iu  my  report  on  the  survey  of  0am- 
den  Harbor,  made  with  a  view  to  its  improvement,  as  called  for  by  act 
of  Congress  approved  June  10, 1872,  "  making  appropriations  for  the  re- 
pair, preservation,  and  completion  of  certain  public  works  on  rivers  and 
harbors,  and  for  other  purposes."  This  estimate  consisted  of  the  fol- 
lowing items,  viz : 

Cabio  yards. 

^  ■  Begalating  the  entrauce  by  dredging  between  Portland  steamer  and  San- 
r^rd's  steamer  wharves,  and  dredging  a  channel  100  feet  wide,  1,000  feet 
long,  and  7  feet  deep  at  mean  low- water  from  said  entrance  to  the  head  of 
the  wharres  on  the  easterly  side  of  the  harbor ;  amoant  of  excavation ...        46, 500 

2.  For  dredging  a  channel  80  feet  wide,  1,400  feet  long,  and  3  feet  deep  at 
mean  low-water  on  westerly  side  of  the  harbor  to  the  head  of  the  wharves, 
and  connecting  with  the  above-mentioned  improvements ;  amoant  of  ex- 
cavation          13,500 

Addition  of  25  per  cent,  for  loosening  of  materiid  by  dredging 15, 000 

Total 75,000 

The  estimated  cost  of  which,  at  40  cents  per  cubic  yard,  is $30, 000  00 

Adding  for  engineering  expenses  and  other  contingencies 3, 000  00 

Total 33,000  00 

Under  the  appropriation  of  March  3, 1873,  a  contract  was  made  May, 
14, 1873,  by^hich  22,753  cubic  yards  of  dredging  was  done  in  1873,  at 
40  cents  per  cubic  yard.  By  this  work  a  good  channel  was  opened  to  a 
depth  from  7  to  9  feet  at  mean  low- water,  and  for  a  width  of  60  to  100 
feet,  extending  from  deep  water  (9  feet  at  mean  low-wator)  near  the 
Portland  steamer  wharf  up  to  the  head  of  the  wharves  on  the  eastern 
side  of  the  harbor;  altogether,  a  distance  of  aboat  2,000  feet. 

Under  the  appropriation  of  June  23,  1874,  a  contract  was  made 
August  15,  1874,  with  Mr.  Augustus  E.  Wright,  of  Geneva,  N.  Y.,  for 
30,000  cubic  yards  of  dredging,  at  28  cents  per  cubic  yard,  as  measured 
in  the  scow^s ;  and  under  the  appropriation  of  March  3, 1875,  another 
contract  was  made  May  13,  1875,  with  Mr.  A.  E.  Wright,  for  40,000 
cubic  yards,  more  or  less,  of  dredging,  at  18  cents  per  cubic  yard,  as 
measured  in  the  scows.  Mr.  Wright's  contract  of  August  15, 1874,  for 
30,000  cubic  yards  was  commenced  June  23, 1876,  and  was  completed 
July  26, 1875 ;  and  that  of  May  13,  1875,  was  commenced  July  26, 1875, 
and  was  completed  September  30, 1875,  by  which  52,199  cubic  yards  of 
dredging  was  done,  making  a  total  of  82,199  cubic  yards  under  his  two 
contracts,  and  a  total  under  all  three  contracts  of  104,952  cubic  yards. 

Owing  to  the  cost  of  the  work  being  much  lower  than  was  estimated 
for,  whereby  about  30,000  cubic  yards  more  of  dredging  was  done  than 
was  originally  contemplated,  the  project  for  the  improvement  of  this 
harbor  was,  with  the  sanction  of  the  Department,  modified  so  as  to  give 
a  depth  of  7  feet  (instead  of  3  feet)  at  mean  low- water  (or  16y%  feet 
at  mean  high- water)  to  the  channel  on  the  western  side  of  the  harbor, 
being  the  same  as  on  the  eastern  side,  each  channel  having  a  width  of 
not  less  than  80  feet  in  any  place. 

All  the  work  contemplated  for  the  improvement  of  this  harbor  has 
been  completed,  and  no  further  appropriation  is  required  therefor. 

Money  statement. 

Amonnt  available  July  1, 1875 ?19,393  30 

Amoant  expended  daring  fiscal  year  ending  Jnne  30, 1876 19,  393  30 
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As. 

IMPROVEMENT  OF  KENNEBEC  RIVER,  MAINE. 

The  following  appropriations  have  been  made  by  Congress  for  the  im- 
provement of  this  river,  viz : 

By  act  approved  Jnne  23, 1866 $20,000 

By  act  approved  March  2,  1867 : 30,000 

Allotted  under  act  approved  April  10,  1869 15,000 

By  act  approved  July  11, 1870 15,000 

By  act  approved  March  3,  1871 15,000 

By  act  approved  Jnne  10,  1872 L-^^.  8,000 

By  act  approved  March  3,  1873 l...  12,000 

By  act  approved  June  23, 1874 12,000 

By  act  approved  March  3,  1875 -/ 15,000 


-• 


Total 142,000 

All  the  improvements  projected  for  this  river  above  Eichmond,  Me,, 
were  completed  prior  to  June  30, 1874,  as  described  in  my  annual  report 
for  the  fiscal  year  ending  that  date,  whereby  a  safe  and  uhobstru^iiDed 
channel,  not  less  than  100  feet  in  width  and  10  feet  in  depth  at  mean 
low-water,  or  15^  feet  at  mean  high-water,  in  its  low  summer  stJtesy 
had  been  completed  from  Bichmond  up  to  Gardiner,  a  distance  o^l 
miles;  and  thence  to  Augusta,  a  distance  of  7  miles;  a  channel  100  feet 
in  width,  and  not  less  than  6^  feet  in  depth  at  low-water,  or  11  feet  at 
high-water,  in  its  lowest  summer  stages.  This  improvement  included 
the  removal  of  a  very  dangerous  ledge,  known  as  Nehumkeg  Bock, 
(between  Bichmond  and  Gardiner,)  to  a  depth  of  12  feet  below  mean 
low  water,  and  below  Bichmond,  Half  Tide  Bock  and  three  other  sunken 
ledges  have  been  removed  from  the  channel  at  '*  the  Narrows,"  whereby 
all  the  work  contemplated  for  the  improvement  of  this  river  has  been 
completed,  with  the  exception  of  the  removal  of  Dry  Bock,  in  "the 
Narrows." 

Im  my  project  of  March  24, 1876,  which  was  approved  by  the  Depart- 
ment, it  w<as  recommended  that  the  appropriation  of  $15,000  made  by 
act  of  March  3,  1875,  together  with  the  balances  then  available  of  former 
appropriations,  altogether  amounting  to  $29,214.28,  should  be  applied 
to  the  removal  of  Dry  Bock,  the  work  to  be  done  by  contract.  On  the 
6th  of  May,  1875,  a  contract  was  made  with  Mr.  Isaac  Hamilton,  of 
Portland,  Me.,  the  lowest  of  five  bidders,  for  removing  Dry  Bock,  (1,775 
cubic  yards,)  at  $15  per  cubic  yard,  as  measured  in  its  bed,  so  as  to  have 
over  it  a  depth  of  12  feet  at  mean  low-water.  Work  was  commenced 
under  this  contract  on  the  2d  of  June,  1875,  and  was  continued  up  to 
the  20th  of  November  last,  when  it  was  suspended  on  account  of  fresh- 
ets and  ice. 

'  The  progress  made  during  the  season  was  far  from  satisfactory,  there 
having  been  but  about  325  cubic  yards  of  the  rock  removed.  Opera- 
tions were  resumed  on  the  2d  of  June,  1876,  being  the  earliest  date 
practicable  on  account  of  the  continued  freshet  in  the  river,  and  it  is 
believed  that,  with  advantage  of  improved  machinery  and  the  experience 
of  last  year,  much  more  satisfactory  progress  will  be  made  this  season, 
resulting,  probably,  in  the  entire  removal  of  the  rock. 

The  funds  now  available  are  sufiicient  for  completing  this,  the  only 
remaining  work  to  be  done,  so  that  no  further  appropriation  will  be 
needed. 

Money  statement. 

Amoant  available  July  1, 1875 (28.548  38 

Amoaat  expended  daria^  fiscal  year  euding  Jane  30, 1876 733  05 

Amoaut  available  July  1,  1876 27, 815  33 


•^ 
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A  6. 

IMPROVEMENT  OF  PORTLAND  HARBOR,  MAINE. 

The  following  appropriations  have  been  made  by  Congress  for  the 
improvement  of  this  harbor,  viz : 

By  act  approved  June  ^,  18(i6 $105,111  05 

By  act  approved  July  11,  1870 10,000  00 

By  act  approved  March  3,  1H71 40,000  00 

By  act  approved  Jane  10,  1872 45,000  00 

By  act  apptoved  March  3, 1873 50,000  00 

By  act  af  imved  June  23, 1874 20,000  00 

By  a«t  approve^March  3, 1875 i 20,000  00 

i  ;.!.  .^otaP.^'J::l 290,111  05 

^    tint  4xp0Dde<J|^np  to  July  1,  1875 $243,036  67 

'  ^iA9qni«g!QiQD4^dd  daring  the  fiscal  year  ending  Jane  30, 1876 .        2, 505  40 

^    ^  ^ ^;^,/.                                                                               245,542  07 

avalSble  Jnly  1, 1876 44,568  98 


to  the  1st  of  July,  1875,  the  following  work  had  been  done  for  the 
imflrovement  of  this  harbor,  viz : 

1.  The  breakwater  extended  for  a  length  of  217  feet  and  a  granite  pier 
boilt  at  its  oater  extremity,  and  950  linear  feet  of  capping  placed  upon 
the  breakwater  in  completion  of  same. 

2.  A  channel  dredged  through  the  Middle  Ground  Bar  to  a  width  of 
500  feet  and  to  a  depth  of  21  to  22  feet  at  mean  low- water,  or  31  feet  at 
ordinary  high-water. 

3.  A  channel  dredged  through  the  •'spit''  in  front  of  the  Grand 
Trunk  Bailway  wharves,  to  a  width  of  100  feet  at  its  inner  end  and  200 
feet  at  its  outer  end,  and  to  a  depth  of  20  feet  at  mean  low- water. 

4.  A  channel  dredged  in  Back  Bay  Irom  Tukey's  Bridge  up  to  the 
'*  stone  shed  wharves,"  to  a  width  of  100  feet  and  a  depth  of  8  feet  at 
mean  low-water. 

5.  A  sunken  wreck  removed  from  the  main  ship-channel  between 
Forts  Preble  and  Scammel. 

6.  The  foundation  of  the  oldest  portion  of  the  breakwater  repaired 
thronghout  its  whole  extent  where  necessary. 

7.  All  the  projected  dredging  in  front  of  the  Grand  Trunk  Bail  way 
wharves  has  been  completed  to  a  depth  of  20  feet  at  mean  low-water, 
and  all  that  in  front  of  the  harbof  commissioners'  line  from  Atlantic 
wharf  up  to  Merrill's  wharf  to  a  depth  of  16  feet  at  mean  low- water. 

The  following  work  has  been  done  in  this  harbor  during  the  fiscal 
yearendiug  June  30, 1876,  viz: 

1.  Deepening  the  dock  at  custom-house  wharf  by  2,932  cubic  yards 
of  dredgiug,  the  same  having  been  authorized  by  the  Department,  upon 
the  request  of  the  honorable  Secretary  of  the  Treasury. 

2.  Triangulation  and  surveys  made  of  portions  of  the  harbor. 

All  the  work  that  has  been  projected  for  the  improvement  of  this 
harbor  has  been  completed,  with  the  exception  of  the  dredging  outside 
the  harbor  commissioners'  line  above  Merrill's  wharf,  for  the  completion 
of  which  the  funds  now  available  are  sufficient,  so  that  no  further  ap- 
propnation  is  needed  for  this  harbor. 

In  regard  to  the  dredging  that  remains  to  be  done  above  Merrill's 

^bsaf  outside  the  harbor  commissioners'  line,  it  has  been  decided  to 

defer  the  work  nntil  Brown's,  Boston  and  Maine  Bailroad,  (formerly 

Smitb%)  Hobson's,  and  the  other  wharves  which  project  beyond  the 
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harbor  commissioners'  line  shall  have  been  cat  off  ap  to  that  line,  for  the 
reason  that  this  work  of  improving  the  harbor  in  front  of  that  line  was 
initiated  and  recommended,  and  all  the  appropriations  made  therefor  in 
1873, 1874,  and  1875,  aggregating  $90,000,  have  been  asked  for  with 
the  understanding  that  those  projecting  wharves  shonld  first  be  removed, 
in  order  to  make  the  contemplated  improvement  effective  and  lasting, 
for  so  long  as  those  wharves  are  permitted  to  project  outside  the  harbor 
lines,  so  long  will  the  eddies  and  shoals  continue  to  exist  above  and  be- 
low those  wharves.  This  has  already  been  clearly  proved  by  a  recent 
survey  of  the  space  dredged  over  last  season  in  front  of  and  above 
Oentral  wharf,  where  new  deposits  in  large  quantity  have  been  foand. 

The  above  described  works  are  situated  in  Portland  Harbor,  in  the  collection-district 
of  Portland  and  Falmouth. 
The  amount  of  revenue  collected  at  this  port  during  the  fiscal  year  ending 

June  30, 187G,  as  fnrnished  by  the  United  States  collector  of  customs, was.  $403, 936  58 

Total  value  of  imports  for  same  period 81|200,344 

Number  of  vessels  entered,  1,198,  equal  to 888,  SGOtons. 

Number  of  crew  employed 20,104 

Money  statement 

Amount  available  July  1, 1875 847,074  38 

Amount  expended  during;  fiscal  year  ending  June  30,  1876 2, 505  40 

Amount  available  July  1,  1876 44,568  98 


A  7. 
IMPROVEMENT  OF  RICHMOND'S  ISLAND,  MAINE. 

This  work  consists  in  making  a  harbor  of  refuge  by  means  of  a  stone 
breakwater  connecting  the  island  with  the  main  land;  the  length  of  the 
breakwater  to  be  aboat  2,000  feet,  with  an  average  thickness  of  30  feet 
land  a  height  of  13  feet  above  mean  low- water. 

In  my  report  to  the  Department,  dated  May  10, 1867,  the  following 
estimate  of  the  cost  of  this  breakwater  was  submitted : 

68,000  tons  of  rubble-stone,  at  $1.25 $85,000  00 

Adding  10  per  cent,  for  contingencies 8,500  00 

Total 93,500  00 

A  capping  for  this  work  was  not  then  estimated  for,  on  account  of  the 
great  increase  of  cost;  but,  as  then  stated,  should  it  hereafter  be  found 
necessary  to  resist  the  act;ion  of  the  sea,  which  is  not  probable,  it  can 
then  be  added. 

The  following  appropriations  have  been  made  by  Congress  for  this 
work,  viz: 

By  act  approved  June  10, 1872 , $20,000  00 

By  act  approved  March  3,  1873 60,000  00 

By  act  approved  March  3,  1875 15,000  00 

Total 95,000  00 

The  following  contracts  have  been  made  for  furnishing  stone  for  this 
work,  viz : 

1.  With  Edward  Moore,  of  Portland,  Me.,  August  22, 1872,  for  15,000 
tons,  more  or  less,  at  $1.24  per  ton  of  2,240  pounds,  under  the  appro- 
priation of  June  10, 1872,  by  which  he  furnished,  up  to  August  30, 1873, 
15,012J3f^  tons  in  completion  of  his  contract ; 
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2.  With  James  M.  Andrews,  of  Biddeford,  Me.,  May  26,  1873,  for 
25,000  tons,  more  or  less,  of  large  quarry  groat,  at  81.75  per  ton  of  2,240 
poonda,  ander  the  appropriation  of  March  3,  1873,  by  which  he  far* 
nished,  np  to  June  26,  1874,  25,989^§|^  tons  in  completion  of  his  con- 
tract: 

3.  With  Isaac  Hamilton,  of  Portland,  Me.,  May  26, 1873,  for  6,000  tons, 
more  or  less,  of  small  bowlders,  at  $1.59  per  ton  of  2,240  pounds,  ander 
the  appropriation  of  March  3, 1873,  by  which  he  furnished,  up  to  August 
31, 1874,  6,970^f^g  tons  in  completion  of  his  contract ; 

4.  With  David  jST.  Hill  and  Solomon  F.  Hamilton,  of  Cumberland,  Me., 
May  6, 1875,  for  9,000  tons,  more  or  less,  of  large  quarry  grout,  at  $1.37 
per  ton  of  2,240  pounds,  to  be  delivered  on  or  before  the  30tli  of  Sep- 
tember, 1875 ;  and 

5.  With  Isaac  Hamilton,  of  Portland,  Me.,  May  6, 1875,  for  1,500  tons, 
more  or  less,  of  small  bowlders,  at  $1.10  per  ton  of  2,240  pounds,  to  be 
delivered  on  or  before  the  30th  of  September,  1875. 

Of  the  above  contracts,  that  made  May  6, 1875,  with  David  N.  Hill 
and  Solomon  F.  Hamilton,  (which  was  about  half  finished  at  the  begin- 
ning of  this  fiscal  year,)  was  entirely  completed  on  the  28th  of  August, 
1875,  8,695^^  tons  of  stone  having  been  furnished  by  them ;  and  that 
made  May  6, 1875,  with  Isaac  Hamilton,  was  completed  on  the  21st  of 
August,  1875, 1,473^^%  tons  of  stone  having  been  furnished  by  him. 

From  the  foregoing  it  is  seen  that  58,143^^^^^  tons  of  stone  have  been 
famished  and  placed  upon  the  breakwater,  and  that  10,000  tons  more 
will  be  required  to  finish  the  work  as  originally  projected,  the  estimated 
cost  of  which  10,000  tons,  including  contingences,  as  stated  in  my  last 
annual  report  and  therein  asked  for,  is  $15,000,  thereby  making  the 
total  cost  of  the  work  completed  $110,000,  which  is  $16,500  in  excess  of 
the  original  estimate.  This  excess  is  owing  to  the  greater  cost  of  the 
stone  than  was  originally  estimated,  the  quantity  being  the  same. 

Motley  statement 

Amoiiut  available  July  1, 1875 $7,269  83 

Amoant  expended  dnring  fiscal  year  eudipg  June  30, 1876 7, 269  83 

Amoant  (estimated)  reqaired  for  completion  of  existing  project 15, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878. .  15, 000  00 


A  8. 

IMPROVEMENT  OF  KENNEBUNK  RIVER,  MAINE. 

By  an  act  of  Congress,  approved  July  11, 1870,  the  sum  of  $5,000 
was  appropriated  for  the  improvement  of  this  river.    No  report  or  esti- 
mate bad  previously  been  made  upon  which  this  appropriation  was 
based.    Bat  an  investigation  showed,  as  stated  in  my  report  to  the 
Department  dated  August  16,  1870,  that  about  17  years  previously, 
stone  piers  had  been  built  on  each  side  of  the  river  at  its  mouth,  for  the 
purpose  of  improving  the  course  and  depth  of  the  channel  at  the  en- 
trance into  tbe  river;  that  on  the  outer  end  of  the  eastern  pier  a  wooden 
light-house  bad  been  built  and  was  afterwards  destroyed  by  the  storms ; 
and  that  a  wbarf  had  been  built  on  the  left  (eastern)  shore  of  the  river 
about  one-eigbth  of  a  mile  above  its  mouth  for  the  security  of  vessels 
while  awaiting  tides  and  storms.     It  was  also  ascertained  that  the 
wings  or  retarns  connecting  these  stone  piers  with  the  banks,  which 

11  -E 
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were  built  of  timber,  had  been  destroyed  by  storms  and  that  the  Gov- 
ernment wharf  was  also  much  in  want  of  repairs;  bnt  that  the  most 
necessary  work  to  be  done  under  the  appropriation  was  the  rebuilding 
with  stone  the  eastern  wing,  so  as  to  prevent  the  flow  of  sand  from  the 
outside  into  the  channel  of  the  river.  This  wing  was  completed  Decem- 
ber 15, 1870,  for  a  length  of  168  feet,  under  a  contract  made  October  12, 
1870,  with  Messrs.  Albert  Blaisdell  and  Joseph  S.  Bailey,  both  (then) 
of  Portland,  Me.,  for  the  sum  of  §21.35  per  linear  foot.  Under  the  same 
appropriation  some  repairs  were  made  on  the  main  eastern  pier  as  well 
as  upon  the  Government  wharf. 

With  a  view  to  repairing  the  western  stone  pier  and  rebuilding  with 
stone  the  wing  connecting  it  with  the  shore,  the  estimated  cost  of  which 
was  $5,000,  an  additional  appropriation  was  made  therefor  by  act  of 
Congress  approved  March  3, 1871.  Under  this  appropriation  the  west- 
ern wing  was  completed  in  August,  1871,  for  a  length  of  166^  feet, 
under  a  contract  made  May  5, 1871,  with  Mr.  Charles  H.  Bragdon,  of 
Biddeford,  Me.,  for  $18.62  per  linear  foot.  Under  the  same  appropria- 
tion, the  much  needed  repairs  were  made,  with  hired  labor,  upon  both 
stone  piers,  and  upon  the  Government  wharf  above,  which  were  entirely 
completed  in  August,  1872,  whereby  the  appropriations  for  this  river 
were  exhausted. 

By  an  act  of  Congress  approved  June  23, 1874,  a  survey  of  this  river 
was  called  for,  with  a  view  to  its  further  improvement  A  report  on 
this  survey,  dated  December  2, 1874,  accompanied  my  annual  report  for 
the  year  ending  June  30, 1875,  in  which  an  estimate  of  $5,000  was  sub- 
mitted for  the  improvement  of  this  river  from  its  mouth  up  to  the  draw- 
bridge at  Eeunebunkport,  a  distance  of  1|  miles,  for  items  as  follows, 
riz: 

1.  Bemoval  of  4,200  cubic  yards  of  mud  and  clay  at  Mitchell's  Point,  at  75 
cents  per  cubic  yard..... $3,150  00 

8.  Removal  of  1,200  cubic  yards  of  sand,  sods,  and  logs,  at  the  ''  Wading 
Place,"  at  $1  per  cubic  yard 1,300  00 

Contingencies,  say 550  00 

Total 5,000  00 

Money  statement. 

Amount  appropriated  by  act  approved  August  14, 1876 5, 000  00 


A  9. 

IMPROVEMENT  OF  COCHECO  RIVER,  NEW  HAMPSHIRE. 

Tbis  river  in  its  lowest  summer  stage  is  navigable,  with  6  feet  of  water 
at  mean  low  water,  or  13J  feet  at  ordinary  higli  water,  from  the  harbor 
of  Portsmouth,  N.  H.,  up  to  the  Lower  Narrows,  which  place  is  about  10 
miles  above  Portsmouth,  and  IJ  miles  below  the  bridge  at  the  head  of 
navigation  in  Dover,  N.  H.  At  the  Lower  Narrows  and  above  its  navi- 
gation has  hitherto  been  much  obstructed  by  ledges,  bowlders,  and  shoals, 
having  only  from  6  inches  to  2  feet  of  water  over  them  at  mean  low 
water.  The  average  rise  and  fall  of  the  tide  is  6.8  feet  at  the  Lower 
Narrows,  and  less  above. 

The  project  for  the  improvement  of  this  river  consists  in  making  a 
channel,  not  less  than  40  feet  in  width  and  4  feet  in  depth  at  mean  low 
water,  from  the  foot  of  the  Lower  Narrows  up  to  the  Packet  Landing. 
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By  act  of  CoDgress  approved  July  11, 1870,  au  esaminatioD  or  survey 
of  this  river  was  called  for,  with  a  view  to  its  iraprov^einent.  la  my  re- 
port, on  an  examination,  to  the  Department,  December  12,  1870,  which 
accompanies  my  annual  report  for  1871,  the  following  estimates  were 
submitted,  viz: 

1.  Excavating  and  removing  1,000  cubic  yards  ledge  at  the  Lower  Narrows,  at 

115  per  cubic  yard $15,000 

2.  Excavating  1,500  cubic  yards  loose  rocks,  gravel,  <&c..  at  Trickey's  Shoal,  at 

$1  per  cubic  yard ' 1,500 

3.  Excavating  1,500  cubic  yards  loose  rocks,  &c.,  at  Clement's  Point  Shoal,  at 

$1  per  cubic  yard 1,500 

4.  Excavating  1,500  cubic  yards  ledge  at  the  *'Qalf"  (Upper  Narrows)  and 
above,  at  $15  per  cubic  yard 22,500 

5.  Excavating  1,000  cubic  yards  gravel  above  the  *^  Gulf,''  at  50  cents  per  cubic 

yard 500 

Contingencies 4,000 

Total 45,000 

This  estimate  provided  for  improving  the  river  up  as  far  as  CoUins's 
wharf  only. 

The  following  appropriations  have  been  made  by  Congress  for  the 
improvement  of  this  river,  viz : 

By  act  approved  March  3, 1871 $10,000 

By  act  approved  June  10,1872 10,000 

By  act  approved  March  3,  1873 10,000 

By  act  approved  June  23,  1874 10,000 

By  act  approved  March  3, 1875 25,000 

Total , 65,000 

Under  the  appropriation  of  March  3, 1871,  a  contract  was  made  May 
25, 1871,  with  Messrs.  Morris  &  Camings,  of  New  York  City,  for  the 
excavation  of  about  400  cubic  yards  of  ledge  at  the  Lower  Narrows,  for 
the  sum  of  $7,000,  which  they  completed  in  October,  1871.  Under  the 
same  appropriation  numerous  sunken  rocks,  lying  in  the  channel  be- 
tween the  Lower  and  Upper  Narrows,  (including  Watson's  Rocks,)  as  well 
as  some  rocks  below  the  Lower  Narrows,  were  removed. 

Under  the  appropriations  of  June  10,  1872,  and  March  3,  1873,  con- 
tracts were  made  October  26, 1872,  and  May  1, 1873,  respectively,  with 
3Ir.  Edward  Moore,  of  Portland,  Me.,  for  the  excavation  and  removal 
from  the  Upper  Narrows  of  altogether  772  cubic  yards  of  ledge,  at  $26.50 
per  cubic  yard,  measured  inaitu^  so  as  to  have  a  channel  40  feet  in  width 
and  4  feet  in  depth  at  mean  low  water,  by  which  that  channel  was  opened 
on  the  3Lst  of  October,  1873,  for  a  length  of  about  300  feet.  Under  the 
appropriation  of  June  23, 1874,  another  contract  was  maile  July  31, 1874, 
with  Mr.  Moore,  for  completing  the  channel  through  the  Upper  Narrows 
for  a  length  of  about  130  feet,  by  which  he  excavated  483  cubic  yards, 
at  $20  per  cubic  yard,  measured  in  situ^  in  completion  of  his  contract 
on  the  17th  of  November,  1874. 

Careful  surveys  of  this  river,  made  since  1870,  from  its  mouth  at 
Dover  Point  up  to  the  wharves  of  Dover,  have  shown  the  necessity  of 
extending  the  improvements  up  as  far  as  the  Packet  Landing,  which  ex- 
tension, together  with  the  fact  that  the  ledge-excavation  already  done 
bas  cost  much  more  than  the  original  estimate,  as  shown  above,  has 
necessitated  an  increase  of  the  estimate  first  submitted,  as  follows,  viz: 

1*  Qri/jina/ estimate  of  December  12, 1870,  as  above $45,000  00 

2.  Additiooal  amount  that  it  kcts  cost  by  contract  for  excavating  ledge  at 

-Galf" 7,618  00 

1  F.rt^vsitirnt  channel  tbrongb  ledge  above  '^  Golf  and  in  front  of  CoUins's 
JSTcoiHpleted) 15,000  00 
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4.  4,874  cubic  yards  dredging  (already  done)  above  Collinses  wharf,  at  40 

cents  per  cubic  yard $1,949  GO 

5.  10,000  cubic  yards  of  projected  dredgiug  above  ^^  Gulf/'  at  |1  per  cubic 

yard 10,000  00 

6.  Removal  of  sunken  rock  at  Dover  Point,  now  projected,  say 2, 500  00 

Add  for  contingencies,  say 2,932  40 

Total 85,000  00 

As  above  stated,  there  had  been  appropriated  up  to  the  1st  of  July,  1875,  the 

sum  of $65,000  00 

Of  which  there  had  then  been  expended,  (as  above) 40, 134  02 

Leaving  available  July  1,  1875 24,865  98 

Under  the  balance  of  the  appropriation  of  March  3, 1875,  the  follow- 
ing contracts  were  made,  viz : 

1.  With  Mr.  James  Andrews,  of  Biddeford,  Me.,  May  8,  1875,  for 
opening  a  channel  through  the  ledge  above  the  Upper  Narrows  and  in 
front  of  Gollius's  wharf  to  a  width  of  40  feet  and  a  depth  of  4  feet  at 
mean  low  water,  requiring  the  excavation  of  1,108  cubic  yards  of  solid 
ledge,  rotten  ledge,  bowlders,  clay,  &c.,  for  the  sum  of  $16,000. 

Work  was  commenced  under  this  contract  on  the  1st  of  June,  1875, 
and  was  completed  in  a  very  satisfactory  manner  on  the  30th  of  Sep- 
tember, 1875. 

2.  With  Mr.  Augustus  R.  Wright,  of  Geneva,  N.  Y.,  May  13,  1875, 
for  12,000  cubic  yards,  more  or  less,  of  dredging,  which  contract  was 
completed  by  him  November  24, 1875,  resulting  in  4,874  cubic  yards  of 
dredging  above  Collinses  wharf,  at  40  cents  per  cubic  yard,  and  2,234 
cubic  yards  below  Collins's  wharf,  at  70  cents  per  cubic  yard,  as  measured 
in  the  scows. 

After  the  completion  of  these  two  contracts  of  May  8  and  13,  1875, 
there  remained  of  the  appropriation  of  March  3,  1875,  an  available 
balance  of  $5,067.53,  which,  under  the  authority  received  in  Department 
letter  of  April  11, 1876,  is  being  applied  to  the  removal  of  scattered 
ledges  and  bowlders  above  and  below  as  well  as  at  the  Lower  Narrows ; 
those  being  the  most  serious  obstacles  now  remaining  in  the  river. 

In  place  of  the  project  heretofore  under  consideration  for  extending 
the  channel  from  Packet  Landing  up  through  the  ledge  to  the  basin  at 
the  factories  and  bridge  for  a  width  of  30  feet  and  a  depth  of  2  feet  at 
mean  low  water,  it  is  recommended,  in  view  of  its  great  cost,  to  substi- 
tute therefor  the  plan  of  making  a  basin  at  the  Packet  Landing  below 
the  ledge,  having  an  area  of  12,000  square  yards,  with  a  depth  of  4  feet 
at  mean  low-water  or  about  11  feet  at  high  water,  the  estimated  cost  of 
which  as  above  is  $10,000. 

This  plan  will  afibrd  all  the  facilities  that  the  commerce  of  this  place 
may  require  for  the  present  at  a  great  saving  in  cost  of  the  work. 

Money  statement 

Amount  available  July  1, 1875 $24,  ^k5  98 

Amount  expended  during  tidcal  year  eudiug  June  30,  ld76 21,9^^4  42 

Amount  available  July  1, 1876 2,^81  56 

Amount  appropriated  by  act  approved  August  14, 1876 14, 000  00 

Amount  (estimated)  required  for  comnletion  of  existing  project 6, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.      6, 000  00 
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A  10. 

IMPROVEMENT  OF  MERRIMAC  RIVER,  INCLUDING  THE  HARBOR  OF  NEW- 

BURYPORT,  MASSACHUSETTS. 

The  original  project  for  the  improvement  of  this  river  consisted  in 
the  removal  of  certain  obstructions  to  navigation,  near  its  mouth,  in  the 
harbor  of  the  city  of  Xewburyport,  Mass.,  and  others  at  the  Upper 
and  Lower  Falls,  about  4  miles  above  Haverhill. 

The  estimated  cost  of  these  improvements,  as  submitted  by  the  engi- 
neer then  in  charge  of  the  work,  in  his  report  of  August  16,  1869^ 
which  appears  in  the  annual  report  of  1870,  was  as  follows,  viz : 

RemoTiDj^  obstrnctionfl,  coDsisting  of  bowlders^  sand,  i&c,  at  the  Upper  and 

Lower  Falls,  above  Haverhill,  4,040  cubic  yards $50,  BOO  00 

AddiDj;  10  per  cent,  for  contiDgencies 5,050  00 

Removal  of  South  Gaogeway  Rock 8,337  50 

Removal  of  wreck  of  coal- vessel  sunk  near  month  of  the  river 5, 000  00 

Removal  uf  Boilers,  (rocks,)  near  citsr  wharves 5,000  00 

Add  for  contingencies  on  last  two  items,  10  percent 1,000  00 

Total $74,887  50 

Since  the  above  estimate  was  submitted  to  the  Department,  much  ad- 
ditional work  has  been  projected  and  finished,  estimates  for  which  have 
been  submitted  in  subsequent  annual  reports,  which  have  materially 
added  to  the  original  estimate,  as  follows,  viz. : 

1.  It  has  been  fonnd  that  in  the  Upper  and  Lower  Falls,  above  Haverhill, 
instead  of  bowlders  and  sand  estimated  for,  about  12,800  cubic  yards  of 
solid  ledfl^y  bowlders,  clay,  and  gravel  have  been  excavated  to  obtain  the 
projected  width  of  60  feet  and  depth  of  4  feet,  at  an  increased  cost  of-    $34, 612  50 
That  in  Hazeltine  Rapids,  620  cubic  yards  of  bowlders,  clay,  j^ravel,  &c, 

(not  originaUy  estimated  for,)  had  to  be  removed,  the  cost  of  which  has 

been,  inclading  contingencies 3,500  00 

2.  The  cost  of  completing  the  removal  (commenced  in  1870,)  of  North 
Gangeway  Rock,  in  Newbnryport  Harbor,  (being  for  700  cubic  yards,  at 

9*20  per  cable  yard,)  inclading  contingencies  not  originally  estimated  for-  15, 000  00 
4.  In  pursuance  of  the  act  of  Congress  approved  Jane  10,  1872,  "  making 
appropriations  for  the  repair,  preservation,  and  completion  of  certain 
public  works  on  rivers  and  harbors,  and  for  other  purposes,''  a  survey  was 
made  of  Merrimac  Biver,  *'  from  Haverhill  to  Newbnryport,  including 
Duck  Hole  and  Currier  Shoal,"  with  a  view  to  the  improvement  of  its 
navigation,  the  estimated  cost  of  which,  as  shown  in  annual  report  for 
1)573,  bat  not  before  then  estimated  for,  is 19,000  00 

Total 72,112  50 

Making  the  total  estimate  for  the  work  already  done  and  that  now  projected  $147, 000  00 

The  followiDg  appropriations  have  been  made  by  Congress  for  the 
improvement  of  this  river,  based  npon  the  foregoing  estimates,  viz : 

By  act  of  July  11, 1670,  for  improvement  of  Merrimac  River,  Massachn- 
tetts $25,000  00 

Bv  act  of  3Iarch  3, 1871,  for  improvement  of  Merrimac  River  above  Haver- 
hUl,  Mass 25,000  00 

By  act  of  Jane  10, 1872,  for  improvement  of  Merrimac  River  above  Haver- 
hill, Mass 25,000  00 

By  act  of  March  3,  1873,  for  improvement  of  Merrimac  River,  Massachu- 
setts       25,000  00 

By  act  of  June  23,  1874,  for  continuing  the  improvement  of  Merrimac 
River,  Massachusetts 10,000  00 

Bj  act  of  March  3,  1875,  for  improvement  of  Merrimac  River,  Massachu- 
setts        12,000  90 

Total $122,000  00 

The  additioDal  amoont  required,  therefore;  for  completing  the  works  now 

projected  is 25,000  00 

The  amount  that  had  been  expended  up  to  the  1st  of  July,  1875,  was 108, 836  45 

Leaving  then  available  the  sum  of 13, 163  55 
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On  referring  to  my  annual  report  for  the  fiscal  year  ending  June  30, 
1875,  it  will  be  seen  tbat  all  the  projected  work  at  the  falls  above  Hav- 
erhill had  then  been  completed,  and  that  South  Gangeway  Bock  and  the 
wrecked  vessel  in  Newburyport  harbor  had  been  removed ;  also  that  the 
shoals  near  Bocks  bridge  had  been  improved  by  dredging,  and  that 
numerous  sunken  bowlders,  including  Little  Currier  Bock,  which  ob- 
structed the  channel  above  and  below  Bocks  bridge,  (6J  miles  below 
Haverhill,)  as  well  as  those  inside  the  draw  of  the  bridge,  had  been 
removed. 

In  July,  1875,  a  large  number  of  dangerous  sunken  rocks  were  also 
removed  from  Currier  Shoal,  and  still  more  from  the  channel  below 
Bocks  bridge,  including  Petty  Bock,  greatly  improving  this  the  most 
dangerous  part  of  the  river  below  Haverhill. 

The  project  adopted  for  the  improvement  of  this  river  consists  in  ob- 
taining a  depth  of  12  feet  of  water,  at  ordinary  high-water,  from  its 
mouth  up  to  Haverhill. 

Under  the  appropriation  of  March  3, 1875,  a  contract  has  been  made 
with  Messrs.  Curtis,  Fobes  &  Co.,  of  Portland,  Me.,  the  lowest  bidders, 
for  6,500  cubic  yards,  more  or  less,  of  dredging  at  Currier  Shoal,  (about 
four  miles  below  Haverhill,)  at  35  cents  per  cubic  yard,  as  measured 
in  the  scows.  Operations  were  commenced  under  their  contract  on  the 
19th  June,  1876,  and  it  is  probable  that  they  will  be  completed  not  later 
than  the  end  of  July. 

The  balance  of  the  funds  that  will  be  available  after  completing  the 
improvement  at  Currier  Shoal  is  to  be  applied  to  other  projected  work 
remaining  to  be  done  between  Haverhill  and  Newburyport. 

Money  statement 

Amount  available  Jaly  1,  1875 $1?,  163  55 

AtuoaDt  expended  during  fiscal  year  ending  June  30,  1876 2,703  01 

Amount  available  July  1, 1876 1 10,460  54 

Amount  (estimated)  required  for  completion  of  existing  project 25, 000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 187d .  25, 000  00 


A  zi, 

IMPROVEMENT  OF  GLOUCESTER  HARBOR,  MASSACHUSETTS. 

By  an  act  of  Congress  approved  June  10, 1872,  the  sum  of  $10,000 
was  appropriated  for  tbe  removal  of  sunken  rocks  in  this  harbor,  and 
with  it  they  have  all  been  removed  to  the  extent  contemplated,  being 
as  follows,  viz : 

1.  Clam  Eock,  removed  from  a  depth  of  1  foot  to  9J  feet  below  the 
plane  of  mean  low-water,  the  level  of  the  surrounding  bottom ; 

2.  Pinnacle  Rocks,  removed  from  8J  feet  above  down  to  the  level  of 
the  surrounding  bottom,  which  has  a  depth  of  16J  feet  below  the  plane 
of  mean  low- water; 

3.  Rocks  off  J.  Friend's  wharf,  removed  down  to  the  level  of  the  sur- 
rounding bottom ; 

4.  Rock  off  Pew's  wharf  was  entirely  removed  to  a  depth  of  5  feet 
below  mean  low-water ;  and 

6.  The  largest  bowlders  were  removed  from  the  rocky  shoal  known  as 
"Babson's  Ledge." 
Work  has  been  suspended  since  July  1, 1873, 

Money  statetnent 

Amount  available  July  1,  1875 $686  84 

Amount  expended  during  fiscal  year  ending  June  30,  1876 579  10 

Amount  available  July  1, 1876 107  74 


REPORT    OF   THE   CHIEF   OF   ENGINEERS.  16T 

A  12. 
IMPROVEMENT  OF  SALEM  HARBOR,  MASSACHUSETTS. 

The  act  of  Congress  approved  Jane  10, 1872,  "  making  appropriations 
for  the  repair,  preservation,  and  completioa  of  certain  public  works  on 
rivers  and  harbors,  and  for  other  purposes,"  provided  for  a  survey  of 
this  harbor,  with  a  view  to  its  improvement.  A  survey  of  it,  made 
in  August  and  September,  1872,  by  Mr.  Sophus  Haageusen,  assistant 
en^neer,  showed  that  the  following  works  were  necessary,  viz : 

1.  The  excavation  by  dredging  of  a  channel  1,730  feet  long,  300  feet 
wide,  and  8  feet  deep  at  mean  low- water,  (giving  17.3  feet  at  mean  high- 
water,)  from  deep  water  to  the  entrance  of  South  River,  the  estimated 
cost  of  vrhich  was  as  follows,  viz : 

(a)  ExcavatiDg  36,000  cnbic  yards  of  mud,  at  50  cent« $18, 000  00 

(6)  Excavatiog  12,000  cubic  yards  of  hard  clay,  at  9U  ccDts 10, 080  00 

Adding  for  contingenciea,  say L 3, 920  00 

Total 32,000  00 

2.  For  constractiDg  a  sea-wall  and  breakwater  for  tlie  protection  and  pres- 
ervation of  Long  Point,  as  per  estimate  given  in  annual  report  of  1873..     23, 000  00 

Total 55,000  00 

Upon  the  above  estimates  appropriations  have  been  made  by  Congress 
as  follows,  viz : 

By  act  approved  March  3, 1873 $15,000  00 

By  act  approved  June  23,  1874 10,000  00 

Total 25,000  00 

Under  the  appropriation  of  March  3, 1873,  a  contract  was  made  with 
Mr.  Augustus  B.  Wright,  of  Geneva,  N.  Y.,  for  dredging,  at  44  cents 
per  cubic  yard,  as  measured  in  the  scows,  by  which  the  channel  was 
opened  to  the  projected  length  and  depth  for  a  width  of  160  feet. 

Under  the  appropriation  of  Jnne  23, 1874,  a  contract  was  made,  Sep- 
tember 5, 1874,  with  Messrs.  Curtis,  Fobes  &  Co.,  of  Portland,  Me.,  the 
lowest  of  four  bidders,  for  completing  all  the  projected  dredging  at  this 
place,  at  the  fallowing  prices,  viz : 

(1)  Stiff  clay  intermixed  with  bowlders  at  35  cents  per  cubic  yard, 
as  measured  in  the  scows ;  and  (2)  soft  mud  at  20  cents  per  cubic  yard,  ai» 
measured  id  the  scows. 

Work  was  commenced  under  this  contract  December  9, 1874,  and  was 
completed  April  20,  1875,  resulting  in  the  dredging  of  1,945  cnbic  yards 
of  clay  and  bowlders  and  41,558  cubic  yards  of  soft  mud,  altogether 
43,503  cubic  yards,  whereby  the  channel  was  completed  to  a  width  of 
300  feet,  as  originally  projected. 

Money  statement 

Aoioaut  (estimated)  required  for  completion  of  existing  project ^23, 000  00 

AmouDt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     23, 000  00 


A  13. 

IMPROVEMENT  OF  BOSTON  HARBOR,  ^lASSACHUSETTd. 

The  works  projected  and  comtneuced  prior  to  1866  for  the  improve- 
meat  of  Bofttoo  Harbor  consisted  of  the  sea-walls  on  Deer  Island^  Lov- 
ell-s  Island,  aud  Great  Brewster  Island.     Those  on  Deer  Island  were 
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coiumeDced  iu  1827,  and  were  completed,  as  partially  rebuilt,  in  1869; 
those  on  Lovell's  Island  were  commenced  in  1843  and  completed  in 
1869 ;  and  that  on  Great  Brewster  Island  was  commenced  in  1849  and 
completed  in  1869. 

On  referring  to  the  annual  reports  from  1866  to  1870,  it  appears  that 
up  to  1870  there  had  been  expended  upon  the  Great  Brewster  sea-wall 
the  sum  of  $277,082.55,  and  for  those  upon  Deer  and  LovelPs  Islands  the 
sum  of  $133,420.24,  (from  1866  to  1870,)  in  addition  to  the  appropria- 
tions made  prior  to  1866.  These  sea-walls,  which  had  been  under  *the 
charge  of  Colonel  H.  W.  Benham,  Corps  of  Engineers,  since  1865,  were 
transferred  to  the  charge  of  Lieut.  Col.  George  Thorn,  Corps  of  Engi- 
neers, in  April,  1873. 

In  1866  new  works  for  the  ftirther  improvement  of  this  harbor  were 
planned  by  the  board  of  harbor  commissioners,  organized  by  the  legis- 
lature of  Massachusetts,  and  estimates  therefor  were  submitted  by  them 
as  follows,  viz : 

For  the  improvemeDt  of  the  channel  across  the  Upper  Middle  Bar,  by 
dredging  a  channel  23  feet  deep  at  mean  low-water,  and  1,000  feet  wide, 
at  a  total  estimated  cost  of $157, 085  OO 

For  the  improvement  of  the  channel  at  the  Narrows  by  dredging  off  the 
southwest  point  of  Lovell's  Island  and  the  extremity  of  Great  Brewster 
Spit,  so  as  to  widen  the  channel  to  6d5  feet  at  23  feet  depth  of  water,  at 
a  total  estimated  cost  of 188,805  OO 

For  the  improvement  of  the  channel  at  the  Narrows,  by  the  removal  by 
blasting  of  Tower  Bock  and  Corwin  Rock,  at  an  estimated  cost  of 20, 000  00 

For  the  preservation  of  the  north  head  of  Long  Island,  by  the  construction 
of  a  sea-wall,  at  an  estimated  cost  of 150,000  00 

For  the  preservation  of  the  north  end  of  Gallop's  Island,  by  the  construc- 
tion of  a  sea-wall,  at  an  estimated  cost  of 103, 585  63 

For  the  preservation  of  Point  AUerton,  by  the  construction  of  a  sea-wall, 
at  an  estimated  cost  of 70,991  87 

Total 690,467  50 

An  appropriation  based  upon  these  estimates  having  been  made  by 
Congress,  in  March,  1867,  the  late  Lieut.  Col.  J.  G.  Foster,  Corps  of 
Engineers,  was  assigned  to  the  charge  of  those  works  in  May,  1867,  and 
they  continued  under  his  charge  until  May,  1871,  when  they  were  trans- 
ferred to  Lieut.  Col.  Thom,  Corps  of  Engineers. 

For  the  several  works,  projected  as  above  in  1866  and  since,  the  fol- 
lowing appropriations  have  been  made  by  Congress  to  date,  viz : 

By  act  approved  March  2, 1867,  for  preservation  and  improvement  of  Bos- 
ton Harbor,  Massachusetts $375,000  00 

Allotted  under  act  of  July  25, 1868 43,000  00 

Allotted  under  act  of  April  10, 1869 82,170  00 

By  act  approved  July  11, 1870,  for  preservation  and  improvement  of  Bos- 
ton Harbor,  Massachusetts 100,000  00 

By  act  approved  March  3, 1871,  for  improvement  of  Boston  Harbor,  Mas- 
sachusetts        100,000  00 

By  act  approved  June  10, 1872,  for  the  improvement  of  Boston  Harbor, 
Massachusetts 100,000  OO 

By  act  approved  March  3, 1873,  for  the  improvement  of  Boston  Harbor, 
Massachusetts,  including  Deer  and LovelVs  Islands 150, 000  OO 

By  act  approved  June  2:),  1874,  for  continuing  the  improvement  of  the 

harborat  Boston,  Mass 100,000  OO 

By  act  approved  March  3, 1875,  for  the  improvement  of  Bos- 
ton Harlwr,  Massachusetts 8100,000  00 

Providing  that  ^10,000  of  said  amount  may  be  expended  for 

the  improvement  of  Hingham  Harbor 10, 000  00 

90,000  OO 

Total 1,140,170  OO 

The  following  is  a  brief  history  of  each  of  the  works,  completed  and 
uncompleted,  that  have  hitherto  been  projected  for  the  improvement  of 
this  harbor^  viz ; 


REPORT   OF   THE   CHIEF   OF   ENGINEERS.  169 

l.-SEA-WALL   FOR  THE   PROTECTION    AND   PRESERVATION   OF  POINT 

ALLERTON. 

Work  was  commenced  upon  this  sea-wall  in  September,  1870,  and 
was  completed  in  May,  1874.  It  was  bailt  for  the  most  part  under  four 
separate  contracts  with  Mr.  James  M.  Andrews,  of  Biddeford,  Me., 
made  respectively  May  24, 1870,  July  26, 1871,  August  24, 1872,  and 
May  8, 1873.    The  total  length  of  this  sea-wall  completed  is  1,202  feet. 

In  addition  to  this  sea-wall  there  have  been  built  since  July,  1873,  for 
the  protection  of  its  concrete  foundation  where  most  exposed  to  injury 
by  storms  and  currents,  1,005  linear  feet  of  granite  apron  and  eight  jet- 
ties, in  which  have  been  placed  1,776  tons  of  grout.  This  apron  has  an 
average  width  of  10  feet  and  a  height  of  2  to  3  feet.  It  extends  all 
along  the  fourth,  fifth,  sixth,  seventh,  and  eighth  faces,  (counting  from 
the  east,)  and  for  about  55  feet  along  the  first  face  as  well  as  along  the 
western  wing-wall  in  order  to  protect  its  junction  with  the  shore  crest. 
The  several  jetties  have  a  length  of  25  to  30  feet,  a  width  of  about  6  to 
8  feet,  and  a  height  of  2  to  3  feet ;  and  they  are  placed  one  at  each  of 
the  fourth,  fifth,  sixth,  seventh,  and  eighth  angles,  one  each  at  the  mid- 
dle of  the  first  and  seventh  faces,  and  at  the  easterly  wing-wall. 

A  recent  inspection  of  this  sea*  wall  shows  that  it  is  in  excellent  con- 
dition in  every  respect,  and  that  the  riprap  apron-work  has  fully  an- 
swered the  purpose  for  which  it  was  intended. 

2.— SEA-WALL  FOR  THE    PROTECTION  AND  PRESERVATION  OF  GREAT 

BREWSTER  ISLAND. 

This  wall,  2,840  feet  in  length,  was  built  for  the  protection  of  the  north 
and  south  heads  of  the  island.  It  was  commenced  in  the  year  1849,  and 
was  continued  through  the  year  1850,  when  work  upon  it  was  suspended. 
Since  then  it  has  been  continued  from  time  to  time,  as  impropriations 
have  been  made  for  it,  until  its  completion  in  1869.  This  wall  is  gener- 
ally in  good  condition.  In  several  places  the  mortar  has  been  washed 
oat  of  the  joints  to  an  extent  necessitating  repairs. 

3.— SEA-WALLS    FOR  THE    PROTECTION    AND    PRESERVATION  OF  LOV- 

ELL'S  ISLAND. 

Two  sea-walls  have  been  built  by  the  United  States  Government  on 
this  island,  one  in  1843,  for  the  protection  of  its  north  head  for  a  length 
of  750  feet,  and  the  other  in  1868-'69,  for  the  protection  of  its  southeast 
blaff  for  a  length  of  about  800  feet. 

For  the  protection  of  the  shore-line  south  of  the  north  bead  wall  an 
apron-work  of  large  rubble-stone  was  built  in  1873,  for  a  length  of  620 
were  used ;  and  for  the  protection  of  the  shore-line  next  to  the  southern 
feet,  with  five  jetties  projecting  from  it,  in  which  1,095  tons  of  stone 
end  of  the  soatheastern  sea-wall,  a  rubble-stone  apron  110  feet  in  length 
was  also  built,  in  1873,  in  which  139  tons  of  stone  were  used.  A  recent 
insiiection  of  these  aprons  shows  that  they  have  fully  answered  the  pur- 
pose for  which  they  were  intended. 

The  wall  on  the  southeast  bluff  has  been  much  damaged  by  storms 
doring  the  past  year,  and  especially  by  the  gales  of  March  and  April, 
1876.  Over  300  linear  feet  of  the  coping-course  has  been  removed,  and 
tbe  cobble-stone  paving  back  of  the  coping  has  been  washed  out  for  a 
length  of  aboat  400  feet  Injury  has  also  been  done  to  the  stone  jetties, 
u^  the  joints  in  several  places  have  been  opened.    To  prevent  a  recur- 
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rence  of  such  damage  it  is  recommended  that  greater  relief  be  given  to 
the  wall  (now  but  8  feet  above  its  concrete  foundation)  by  adding  two 
more  facing  courses,  each  of  2  feet,  and  by  substituting  for  the  cobble- 
stone pavement  in  rear  of  the  coping,  granite  flagging,  resting  on  a 
shingle  and  gravel  bed.  The  cost  of  this  change,  including  the  repairs 
now  necessary,  is  estimated  at  815,000. 

4.— SEA-WALL    FOR  THE    PROTECTION    AND    PRESERVATION    OF    GAL- 
LOP'S ISLAND. 

This  sea-wall  is  1,785^  feet  in  length.  Work  upon  it  was  commenced 
in  1868,  under  a  contract  with  Mr.  James  Andrews,  of  Biddeford,  Me., 
and  was  carried  on  under  that  contract  until  the  end  of  April,  1871, 
after  which  it  was  continued  with  hired  labor  until  its  completion  in  the 
latter  part  of  September,  1871. 

The  violent  storms  and  currents  to  which  this  sea-wall  is  exposed  had 
laid  bare  its  concrete  foundation  to  such  a  degree  as  to  render  necessary 
for  its  protection  and  preservation  a  rubble-stone  apron  for  nearly  ite 
whole  extent,  with  the  addition  of  jetties  in  the  most  exposed  places. 
This  apron- work  was  commenced  in  August,  1873,  and  was  completed 
in  May,  1874.  It  extends  along  the  sea-wall  for  a  length  of  1,655  feet, 
being  on  its  most  exposed  faces  10  feet  in  width.  Nine  jetties  have  been 
built  at  and  near  the  angles  of  the  wall,  four  of  which  are  of  split  gran- 
ite, bedded  in  part  in  concrete  laid  in  trenches  and  surrounded  with  a 
concrete  apron,  each  jetty  being  18  feet  in  length  and  5  feet  in  width- 
The  quantity  of  stone  used  in  this  apron  and  the  jetties  was  about  1,450 
tons.  A  recent  inspection  of  this  work  shows  that  it  is  in  good  condi- 
tion, and  that  thiB  riprap  apron-work  and  jetties  have  fully  answered 
the  purpose  intended.  Some  repairs,  however,  are  necessary  for  the 
apron- work,  which  has  been  somewhat  disturbed  in*  one  or  two  places 
by  recent  gales. 

5.— SEA-WALL    FOR    THE    PROTECTION    AND    PRESERVATION    OF  THE 

NORTH  HEAD  OF  LONG  ISLAND. 

Work  was  commenced  upon  this  sea-wall  in  August,  1870,  and  was 
completed  in  July,  1874.  It  has  been  built,  for  the  most  part,  under 
four  separate  contracts  with  Mr.  James  Andrews,  of  Biddeford,  Me., 
made  respectively  May  24,  1870,  July  26,  1871,  August  23,  1872,  and 
May  8, 1873.    The  length  of  this  sea-wall  is  2,081|  feet. 

In  addition  to  the  sea- wall  there  has  been  built  for  the  protection  and 
preservation  of  it«  concrete  foundation,  where  most  exposed  to  injury 
by  storms  and  currents,  a  rubble-stone  apron  for  a  length  of  975  feet  iu 
front  of  the  wall,  together  with  10  stone  jetties.  This  apron  averages 
from  8  to  10  feet  in  width,  and  from  2  to  3  feet  in  height.  The  jetties 
are  triangular  in  shape,  and  project  from  12  to  20  feet  beyond  the  apron ; 
about  900  tons  of  rubble-stone  was  used  for  this  work,  together  with  a 
large  quantity  of  bowlders  and  cobble-stone  found  in  its  immediate  vi- 
cinity. This  apron-work  was  commenced  in  April,  1874,  and  completed 
early  in  August,  1874. 

A  recent  inspection  of  this  seawall  shows  that  it  is  in  good  condition, 
and  that  the  riprap  apron-work  and  jetties  have  fully  answered  the 
purpose  intended. 

C.— SEA-WALLS    FOR  THE   PROTECTION  AND  PRESERVATION  OF  DEER 

ISLAND. 

Under  appropriations  made  by  Congress  in  1827,  and  subsequently, 
three  sea-wails  have  been  built  for  protecting  the  three  prominent  heads 
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of  tbis  island ;  that*  at  tbe  North  Head  being  1,740  feet  long,  and  19^  feet 
high  above  its  fouDdation,  and  14  feet  above  ordinary  higb-water ;  that 
at  the  Middle  Head  840  feet  long^  17^  feet  high  above  its  foundation,  and 
12  feet  above  mean  high- water ;  and  that  at  the  South  Head  380  feet 
long,  14}  feet  high  above  its  foundation,  and  12  feet  above  mean  high- 
water.  These  walls  were  built  of  regularly  split  quarried  stone,  with  a 
partial  dressing  only,  and  laid  dry  as  headers,  the  only  backing  being 
the  clay  and  gravel  in  rear,  which,  silting  out  through  the  open  joints, 
left  in  course  of  time  large  cavities  at  several  places  in  rear  of  the  walls, 
resulting  in  much  damage  to  the  walls,  with  a  probability  of  their  entire 
destruction.  To  repair  the  damage  already  done,  and  to  prevent  its  re- 
currence for  the  future,  the  rebuilding  of  these  walls  was  commenced 
in  1865,  by  which  its  several  courses,  except  the  lowest,  were  laid  in 
mortar  and  backed  with  concrete,  and  otherwise  much  strengthened. 
This  rebuilding  was  continued  until  the  latter  part  of  1860,  with  the 
following  result,  as  reported  by  Col.  H.  W.  Benham  while  in  charge  of 
these  walls. 

The  rebuilding  of  the  wall  of  the  Middle  Head  was  completed  in  1867, 
for  an  extent  of  540  feet,  all  that  then  appeared  to  be  necessary. 

The  wall  of  the  South  Head  was  commenced  and  completely  rebuilt 
in  a  substantial  manner,  comprising  about  420  running  feet,  in  the 
year  1867. 

The  rebuilding  of  the  wall  at  the  North  Head  was  continued  until 
August,  1869,  up  to  which  time  1,250  linear  feet  of  wall  was  taken  up, 
relaid,  and  completed  in  rear ;  two  split  stone  jetties,  2o  to  28  feet  long, 
were  placed,  one  at  about  the  middle  of  the  main  face  of  the  North  Head, 
and  the  other  in  a  similar  position  at  the  Middle  Head  wall. 

In  his  report  for  the  fiscal  year  ending  June  30, 1872,  Colonel  Benham 
states  that  the  three  sea-walls  periaiuing  to  these  bluffs  of  Deer  Island 
were  "  in  essentially  a  good  condition,  especially  in  the  parts  that  had 
been  rebuilt;  that  a  few  defects  are  found  by  the  falling  or  drawing  out 
of  the  foundation-stones,  even,  in  some  cases,  of  the  parts  rebuilt,  from 
their  not  having  been  taken  up  to  the  lowest  foundation  course,  and 
fh)m  the  great  force  of  the  current  or  waves  along  these  foundations." 

In  the  latter  part  of  1873,  some  repairs  were  made  on  the  wall  at  the 
North  Head,  and  an  inspection  recently  made  shows  that  still  further 
damage  has  been  done  to  that  wall  by  the  gales  of  March  and  April 
last  which  will  have  to  be  repaired. 

7.— STRAIGHTENING,  WIDENING,  AND  DEEPENING  THE  MAIN  SHIP-CHAN- 
NBL  AT  THE  WEST  END  OF  GREAT  BREWSTER  SPIT. 

This  work  consists  in  the  removal  by  dredging  of  the  southern  portion 
of  this  spit  so  as  to  obtain  a  depth  of  23  feet  at  mean  low-water  for  a 
width  of  not  less  than  600  feet,  with  proper  slopes  up  to  the  18-foot  curve. 
A  survey  of  this  locality,  made  in  August,  1872,  showed  that  the  extreme 
westerly  end  of  the  spit  had  so  far  advanced  into  the  channel  that  the 
low-water  line  was  120  feet  further  out  than  it  was  in  1860,  and  the  18- 
foot  carve  was  168  feet  from  that  of  1860. 

Under  tbe  appropriation  made  by  act  of  June  23, 1874,  for  the  improve- 
ment of  this  harbor,  a  contract  was  made  September  3, 1874,  with  the 
New  England  Dredging  Company  of  Boston,  Mass.,  the  lowest  respon- 
sible bidders,  for  completing  this  work.  Work  was  commenced  under 
tbis  contract  on  the  13th  of  October  and  continued  until  the  29th  of 
October,  1874,  when  it  was  suspended  for  the  winter.  It  was  resumed 
on  tbe  11th  of  May,  1875,  tbe  earliest  date  practicable,  and  was  con- 
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tinaed  up  to  the  middle  of  Aagast,  1875.  All  the  dredging  to  be  called 
for  under  this  contract  has  been  completed,  resulting  in  29,226  cubic 
yards.  For  the  entire  completion  of  this  contract  there  remains  only 
the  excavation  of  112^  cubic  yards  of  sunken  ledge,  which  had  been  laid 
bare  by  the  dredging.  As  preparations  had  not  been  made  by  the  con- 
tracting party  for  this  unexpected  work,  operations  were  suspended 
upon  it  until  Juue^l,  1876,  when  work  was  again  commenced,  with  a 
probability  of  its  completion  in  the  month  of  September,  1876. 

8. — STBAIGHTENK^G,  WIDENING,  AND  DEEPENING  THE  MAIN  SHIP- 
OHANNEL  AT  THE  SOUTHEAST  AND  SOUTHWEST  POINTS  OF  LOVELL'S 
ISLAND. 

This  work  consists  in  the  removal,  by  dredging,  of  the  Southeast  and 
Southwest  Points  of  this  island,  so  as  to  give,  in  "  The  Narrows,"  a 
channel  GOO  feet  in  width  for  a  depth  of  23  feet  at  mean  low-water,  with 
proper  slopes  up  to  the  18-feet  curves.  Work  was  commenced  on 
the  Southwest  Point  in  1867,  under  a  contract  made  with  Mr.  A.  Boschke, 
of  Boston,  Mass.,  and  was  continued  during  that  and  the  two  following 
years,  until  suspended  for  want  of  funds.  A  resurvey  of  this  channel 
made  in  1872,  showed  that  it  had  not  changed  to  any  considerable  ex- 
tent at  its  Southwest  Point  since  the  close  of  the  dredging  operations  in 
1869 ;  that  the  18feet  curve  was  very  nearly  the  same  as  then ;  and 
that  the  shore  above  low-water  line  had  acquired  a  more  natural  slope 
of  8  feet  horizontal  to  1  foot  rise  by  the  receding  inland  of  the  high- 
water  line,  but  that  the  flats  off  the  Southeast  Point  of  this  island  had 
advanced  so  much  toward  the  main  channel  as  to  materially  impede 
and  endanger  navigation. 

Under  the  appropriation  made  by  act  of  June  23,  1874,  for  the  im- 
provement of  Boston  Harbor,  a  contract  was  made  September  8,  1874, 
with  Messrs.  Boynton  Brothers,  of  Boston,  Mass.,  the  lowest  responsi- 
ble bidders,  for  completing  the  work  projected  for  the  improvement  at 
the  Southeast  Point  of  this  island,  viz,  40,000  cubic  yards,  more  or  less, 
of  dredging,  at  38  cents  per  cubic  yard,  as  measured  in  the  scows. 
AVork  under  this  contract  was  commenced  on  the  7th  of  October  and 
continued  until  the  17th  of  December,  1874,  when  it  was  suspended  for 
the  winter.  It  was  resumed  on  the  11th  of  May,  1875,  the  earliest  date 
practicable,  and  was  completed  September  22, 1875,  31,058  cubic  yards 
having  been  dredged  under  this  contract. 

For  completing  the  projected  improvement  at  the  Southwest  Point 
of  this  island,  about  40,000  cubic  yards  of  additional  dredging  will  be 
neccessary,  the  estimated  cost  of  which,  at  40  cents  per  cubic  yard,  is 
$16,000. 

9.— STRAIGHTENING,  WIDENING,  AND  DEEPENING  THE  MAIN  SHIP-CHAN- 
NEL AT  THE  UPPER  MIDDLE  BAB. 

The  work  now  projected  for  the  improvement  of  this  bar  consists  in 
opening  through  it  a  channel,  600  feet  in  width,  to  a  depth  of  23  feet  at 
mean  low-water,  through  a  total  distance  of  about  5,500  feet,  the  princi- 
pal difficulties  being  in  a  space  about  2,200  feet  in  length,  in  which  the 
depth  to  be  increased  varies  from  1  to  7  feet.  Under  a  contract  made 
jVlay  20, 1870,  with  Emory  R.  Seward,  of  Albany,  N.  T.,  dredging  was 
carried  on  at  this  place  until  the  1st  of  June,  1871,  at  which  time  26,120 
cubic  yards  had  been  excavated  under  that  contract,  by  which  one  cut^ 
about  1,800  feet  in  length,  was  partially  opened  to  a  width  of  40  feet^ 
and  to  a  depth  varying  from  20  to  23  feet  at  mean  low- water. 
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Under  the  appropriation  made  by  act  of  March  3, 1871,  a  new  con- 
tract was  made  July  29, 1871,  with  Mr.  R.  G.  Packard,  of  Brooklyn,  N. 
T.,  which  was  completed  Jnne  29, 1872,  by  20,305  cubic  yards  of  dredg- 
ing, making,  to  that  date,  an  aggregate  of  46,425  cubic  yards  of  dredg- 
ing^ By  this  work,  one  cut,  about  1,800  feet  in  length,  was  opened  to  a  width 
of  40  feet,  to  a  full  depth  of  23  feet  at  mean  low- water,  and  a  second  cut 
of  the  same  width  and  depth  for  a  length  of  1,040  feet,  including  the  re- 
fflo?al  of  a  very  large  bowlder  discovered  in  1872,  in  the  main  ship-chan- 
nel, with  but  16^  feet  of  water  upon  it  at  mean  low-water. 

Under  the  appropriation  of  March  3, 1873,  a  contract  was  made  March 
5, 1874,  with  the  Atlantic -Dredging  Company,  of  Brooklyn,  N.  Y.,  for 
75,000  cubic  yards,  more  or  less,  of  dredging,  at  64  cents  per  cubic  yard, 
as  measured  in  the  scows,  and  at  $35  per  cubic  yard  for  excavation  of 
ledge,  and  of  bowlders  exceeding  6  tons  in  weight.  Operations  were 
cofflmenced  in  April,  1874,  and  were  continued  up  to  the  14th  of  Decem- 
ber, of  that  year,  when  they  were  suspended  for  the  winter.  On  the 
26th  of  May,  1875,  they  were  resumed,  and  continued  up  to  the  17th  of 
December,  of  that  year.  They  were  again  resumed  on  the  3d  of  May, 
1876,  and  have  been  continued  up  to  the  end  of  the  fiscal  year,  (June 
30, 1876,)  at  which  time  89,375  cubic  yards  had  been  dredged  under 
this  contract.* 

Under  the  appropriation  made  by  act  of  Jnne  23,  1874,  for  con- 
tinuing the  improvement  of  this  harbor,  a  contract  was  made  September 
1, 1874,  with  the  Harbor  Improvement  Company  of  Boston,  Mass.,  for 
42,000  cubic  yards  of  additional  dredging  on  this  bar,  at  85  cents  per 
cubic  yard,  as  measured  in  the  scows.  Dredging  was  commenced  under 
tbis  contract  on  the  3d  of  October,  and  continued  until  the  14th  of  De- 
cember, 1874,  when  it  was  suspended  for  the  winter.  It  was  resumed 
on  the  8th  of  May,  1875,  and  continued  up  to  the  17th  of  December, 
1875,  at  which  time  42,843^  cubic  yards  had  been  dredged  under  this 
contract.  There  now  remains  to  be  done,  for  the  completion  of  this 
contract,  the  excavation  of  37  cubic  yards  of  ledge,  which  will  prob- 
ably be  completed  in  July. 

Under  the  appropriation  made  for  this  harbor  by  act  of  March  3,  1875, 
a  contract  was  made  May  19,  1875,  with  Messrs.  Curtis,  Fobes  &  Co.,  of 
Portland,  Me.,  for  90,000  cubic  yards,  more  or  less,  of  additional  dredg- 
ing on  this  bar  and  the  shoals  below  it,  at  75  cents  per  cubic  yard,  as 
measured  in  the  scows,  including  bowlders  not  exceeding  6  tons  in 
weighty  and  for  excavating  ledge  or  bowlders  exceeding  6  tons  in 
weight  at  $35  per  cubic  yard ;  the  work  to  be  completed  on  or  before 
the  30th  of  September,  1876.  Operations  were  commenced  under  this 
contract  May  9, 1876,  and  have  been  continued  since  then,  resulting  in 
24,014^  cabic  yards  of  dredging. 

The  total  quantity  of  dredging,  therefore,  that  has  been  done  up  to 
date  under  the  several  contracts  named  amounts  to  202,658  cubic  yards, 
whereby  a  channel  has  been  opened  for  an  average  width  of  about  450 
feet  and  a  depth  of  23  feet  at  mean  low-water  through  the  shoalest 
portion  of  the  Upper  Middle  Bar,  averaging  in  length  about  2,200  feet. 

In  order  to  complete  the  projected  channel  at  the  Upper  Middle  Bar, 
it  will  be  necessary  to  provide  for  about  25,000  cubic  yards  of  dredging, 
in  addition  to  that  which  remains  to  be  done  under  the  three  unfinished 
contracts,  the  estimated  cost  of  which,  at  75  cents  per  cubic  yard,  is 
$18,750. 

*Tbis  contract  was  completed  on  the  11th  of  July,  1876. 
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10.— REMOVAL  OF  NASH'S  ROOK,  (SHOAL.) 

Nash's  Eock,  so  called,  is  a  shoal  lying  in  the  outer  entrance  to  Boston 
Harbor,  about  one-third  of  the  way  over  from  Brewster  Spit  to  Point 
Allerton.  This  shoal  ^as  surveyed  in  September  and  October,  1873, 
and  a  special  report  thereon,  accompanied  by  drawings,  was  submitted 
to  the  Department  on  the  24:tli  of  March,  1874.  From  information 
acquired  by  this  survey,  it  is  seen  that  the  only  portion  of  this  shoal 
which  it  would  be  advisable  and  practicable  to  improve  is  that  having 
less  than  21  feet  of  water  over  it  at  mean  low-water,  which  portion  has 
an  area  of  637^  superficial  yards,  and  would  require,  in  order  to  obtain 
a  depth  of  21  feet,  the  excavation  and  removal  of  about  200  cubic  yards 
of  bowlders,  shingle,  &c.,  at  an  estimated  cost  of  $5,000;  whereas  to  re- 
move the  whole  shoal  to  a  depth  of  23  feet  below  the  plane  of  mean  low 
water  would  require  the  excavation  of  over  16,000  cubic  yards  of  simi- 
lar material  over  an  area  9^^^  acres,  the  cost  of  which  would  be  greatly 
disproportionate  to  the  benetit  that  would  result  therefrom. 

Under  the  appropriation  made  by  act  of  March  3, 1875,  for  the  im- 
provement of  this  harbor,  a  contract  was  made  May  19,  1875,  with 
Messrs.  Curtis,  Fobes  &  Co.,  of  Portland,  Me.,  for  removing  this  shoal 
to  the  projected  depth  of  21  feet  at  mean  low- water  on  terms  as  fol- 
lows, viz : 

a.  For  200  cubic  yards,  more  or  less,  of  gravel,  shingle,  &c.,  (includ- 
ing bowlders  not  exceeding  6  tons  in  weight,)  at  $5  per  cubic  yard,  as 
measured  in  the  scows;  and 

b.  For  bowlders  exceeding  in  weight  6  tons,  (of  2,240  pounds,)  at  835 
per  ton. 

This  work  is  to  be  completed  on  or  before  the30th  of  September,  1876^ 

11.— REMOVAL  OF  KELLY'S  ROCK. 

This  rock  lies  in  the  main  ship  channel,  distant  about  700  yards,  in  a 
direction  southeast  by  south  of  Bug  light,  (at  the  Narrows,)  and  in  the 
line  of  entrance-buoy  No.  1  and  Bug  light.  In  1869,  operations  were 
commenced  for  removing  this  ledge  to  a  depth  of  23  feet  below  the  plane 
of  mean  low-water,  and  were  continued  up  to  the  end  of  December, 
1870.  These  operations  were  continued  in  June  and  July,  1873.  An 
accurate  survey,  since  made,  of  this  rock  showed  that  there  still  re- 
mained an  area  of  about  320  superficial  yards  of  this  ledge  which  has 
less  than  the  projected  depth  on  the  shoalest  parts,  of  which  there  were 
but  21.2  feet  of  water  at  mean  low- water,  and  that  in  order  to  obtain  the 
full  depth  of  23  feet  would  require  the  removal  of  not  less  than  80  cubic 
yards  of  the  ledge. 

Under  the  appropriation  made  by  act  of  March  3, 1875,  for  this  harbor 
a  contract  was  made  May  14,  1875,  with  Mr.  George  W.  Townsend,  of 
Boston,  Mass.,  for  completing  the  removal  of  this  rock  at  $60  per  cubic 
yard.  He  commenced  operations  under  this  contract  in  the  latter  part 
of  May  and  completed  it  September  30, 1875. 

During  the  removal  of  this  rock  in  1875  new  ledges  were  discovered 
in  its  vicinity,  above  and  below,  having  on  the  shoalest  parts  a  depth  of 
but  20  to  21  feet  at  mean  low-water.  These  ledges  cover  an  area  of 
about  543  square  yards  in  the  23feet  plane  below  mean  low-water,  and 
189  cubic  yards  will  have  to  be  removed  above  that  plane,  the  estimated 
cost  of  which,  at  $60  per  cubic  yard,  is  $11,340. 

12.— REMOVAL  OF  TOWER  ROOK. 

This  rock  was  situated  in  the  main  ship-channel  at  the  Narrows 
about  100  yards  to  the  southwest  of  Great  Brewster  Spit  light.    It  was 


REPORT  OF  THE  CHIEF  OF  ENGINEERS.         175 

blasted  oat  and  removed  in  1867  to  the  projected  depth  of  23  feet  at 
mean  low-water. 

13.— REMOVAL  OF  CORWIN  ROCK. 

This  rock  was  situated  in  the  main  ship-channel  at  the  Narrows,  about 
200jards  to  the  southwest  of  Great  Brewster  Spit  light.  It  was  blasted 
oQt  and  removed  in  the  years  1868  and  1869  to  the  projected  depth  of 
23  feet  at  mean  low- water. 

14.— REMOVAL   OF  SUNKEN  LEDGE,  BETWEEN   GEORGE'S  ISLAND   AND 

GREAT  BREWSTER  SPIT. 

This  ledge  was  discovered  in  September,  1872,  in  a  resurvey  of  the 
Narrows.  It  was  situated  near  the  middle  of  the  main  ship-channel, 
directly  in  the  track  of  all  large  vessels,  and  particularly  of  the  European 
8teamers,  and  was  distant  317  yards  in  a  direction  west  by  south  from 
Bog  light.  It  had  but  18.9  feet  of  water  upon  it  at  mean  low- water, 
and  was,  therefore,  a  dangerous  obstacle  to  navigation. 

Under  the  appropriation  of  June  23, 1874,  a  contract  was  made  August 
31, 1874,  with  Mr.  William  H.  Lloyd,  of  Boston,  Mass.,  for  the  removal 
of  this  ledge  to  a  depth  of  23  feet  at  mean  low-water — altogether  16| 
cubic  yards — for  the  sum  of  $400,  which  he  completed  early  in  Septem- 
ber, 1875. 

15. — ^REMOVAL  OF  BARREL  ROCK,  IN  BROAD  SOUND. 

This  was  a  bowlder  lying  about  one,  mile  a  little  north  of  west  from 
Green  Island,  and  near  the  sailing-line  of  the  Portland  and  other  Maine 
steamers.  It  had  only  4  feet  of  water  over  it  at  low-tide,  and  in  thick 
weather  was  a  dangerous  obstacle  to  navigation.  It  was  removed  in 
1869. 

16. — REMOVAL  OF  STATE  AND  PALMYRA  ROOKS. 

A  special  survey  was  made  of  these  rocks,  of  which  a  report  and 
drawings  were  transmitted  to  the  Department  on  the  25th  of  May,  1874. 
By  this  survey  it  was  ascertained  that  State  Bock  and  Palmyra  Eock, 
of  the  position  and  character  of  which  but  little  previously  had  been 
known,  are  situated  very  near  each  other,  and  most  probably  are 
oatcropplngs  of  the  same  ledge,  forming  spurs  on  the  southern  side  of 
the  Lower  Middle  Bar,  about  one-half  a  mile  east  of  Castle  Island. 

To  effect  the  improvement  proposed  required  altogether  the  removal 
of  about  62  cubic  yards  of  rock,  for  which  a  contract  was  made,  Au- 
gust 31,  1874,  with  Mr.  William  H.  Lloyd,  of  Boston,  who  was  the  low- 
est of  two  bidders,  at  $1,500  for  the  job.  Mr.  Lloyd  commenced  work 
upon  the  removal  of  the  rocks  in  September,  1874,  and  continued  up  to 
the  middle  of  November,  when,  on  account  of  the  weather,  he  was 
obliged  to  suspend  for  the  winter.  He  resumed  work  about  the  1st  of 
Jane,  1875,  and  completed  their  removal  on  the  15th  of  that  month. 

17. — THE  REMOVAL  OF  THE  WRECK  OF  THE  SCHOONER  DELOS. 

This  was  an  old  vessel,  of  about  100  tons  burden,  deeply  loaded  with 
gravel  in  her  hold  and  on  deck,  destined  for  the  engineer-work  at  Fort 
Warren,  and  was  sunk  in  the  gale  of  November  12, 1872,  in  Nantasket 
fioads,  about  100  yards  £rom  Fort  Warren  wharf,  in  about  22  feet  of 
water  at  low-water.  When  examined  in  December,  1872,  she  was 
stripped  of  her  masts  and  rigging,  and  was  much  shattered,  and  had 
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about  14  feet  of  water  over  her  at  mean  low-water.  The  breaking-ap 
and  removal  of  this  wreck  was  commenced  on  May  29, 1873,  and  was 
completed  in  the  early  part  of  Jnne. 

From  the  foregoing  statement  it  is  seen  that  nearly  all  the  works 
hitherto  projected  for  the  improvement  of  Boston  Harbor  have  been 
completed,  and  that  those  remaining  to  be  completed  are — 

1.  The  removal  of  a  recently  discovered  ledge  near  the  southwestern 
^extremity  of  Great  Brewster  Spit.  Work  has  been  commenced  upon 
this  ledge  by  contract,  and  it  is  probable  that  it  will  be  completed  in 
September,  1876; 

2.  About  40,000  cubic  yards  of  dredging  at  the  Southwest  Point  of 
LovelPs  Island,  in  order  to  obtain  the  contemplated  width  and  depth  of 
channel,  for  which  no  funds  are  now  available ; 

3.  About  90,000  cubic  yards  of  dredging  at  the  Upper  Middle  Bar,  for 
obtaining  a  channel  to  the  projected  width  of  600  feet  and  a  depth  of 
23  feet  at  mean  low-water.  A  contract  was  made  for  65,000  cubic  yards 
of  this  dredging  to  be  completed  this  season,  leaving  only  25,000  cubic 
yards  to  be  provided  for  by  future  appropriations ; 

4.  Removal  of  Nash's  Eock,  (Shoal.)  This  work  has  not  yet  been  com- 
menced ;  but  a  contract  has  been  made  requiring  it  to  be  completed  on 
or  before  the  30th  of  September  next ; 

5.  The  removal  of  about  189  cubic  yards  of  sunken  ledge,  discovered 
in  1875,  in  the  vicinity  of  Kelly's  Eock,  for  which  no  funds  are  now 
available. 

In  addition  to  the  above,  the  southeastern  sea-wall  on  Lovell's  Island 
will  require  raising  and  repairing,  and  some  few  repairs  are  needed  by 
the  sea-walls  on  Great  Brewster  Island  and  Deer  Island,  for  which  no 
funds  are  now  available. 

In  the  appropriation  for  this  harbor,  made  by  act  of  Congress  ap- 
proved March  3, 1875,  provision  was  made  for  the  improvement  of  Hiug- 
ham  Harbor,  Massachusetts,  to  an  extent  not  exceeding  $10,000.  A 
oareful  survey  of  this  harbor  made  in  October  and  November,  1874, 
showed  the  nature  and  extent  of  the  improvements  required  for  the 
commerce  of  that  place,  the  project  for  which  consisted  in  widening  and 
deepening  the  channel  so  as  to  have  a  width  of  not  less  than  100  feet 
and  a  depth  of  8  feet  at  mean  low- water,  or  about  6  feet  at  low-water  iu 
spring  tides.  For  this  improvement  the  following  work  has  been  done, 
Tiz,  25,160  cubic  yards  of  dredging  and  80  cubic  yards  of  ledge  excava- 
tion. Proposals  were  invited  for  this  work  and  contracts  therefor  were 
made  as  follows,  viz : 

1.  With  Messrs.  Curtis,  Pobes  &  Co.,  of  Portland,  Me.,  May  19, 1875, 
for  the  dredging,  at  18  cents  per  cubic  yard,  which  they  completed  on 
the  1st  of  May,  1876. 

2.  With  Mr.  George  W.  Townsend,  of  Boston,  Mass.,  for  67  cubic 
yards  ledge-excavation,  at  $39  per  cubic  yard,  which  he  completed  in 
December,  1875. 

Id  addition  to  the  above,  about  12  cubic  yards  of  sunken  ledge,  sub- 
sequently discovered,  has  been  removed,  whereby  all  the  work  projected 
for  the  improvement  of  this  harbor  has  been  completed,  at  a  total  cost 
(including  contingencies)  of  $9,116.58. 

The  following  is  an  estimate  of  the  cost  of  completing  the  several 
works  yet  remaining  to  be  done  (as  above)  for  the  improvement  of  Bos- 
ton Harbor,  viz : 

1.  The  removal  of  112^  cable  yards  of  ledge  near  the  soath western 
extremity  of  Great  Brewster  Spit,  at  (43  per  cubic  yard,  as  contracted 
for,  inclnding  $2,263.63  percentage  retained,  and  amount  due  on  work 
done  up  to  July  1,  1876 $7,181   08 
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2.  40,000  cable  yards  dredging,  not  yet  contracted  for,  at  the  soathwest 

polntof  IfOvell's  Island,  at  40  cents  per  cabio  yard $16,000  00 

3.  Completing  the  channel  throagh  the  Upper  Middle  Bar : 

a.  J,000  cubic  yards  of  dredging,  at  64  cents  per  cubic  yard,  as 
per  contract  of  March  5,  1874,  (inclndiug  $11,463.25  per- 
centage retained  on  work  done  np  to  July  1, 1H76) $12, 103  25 

h.  fiemoyiDg  37  cabic  yards  of  sunken  ledge  at  $45  per  cubic 
jrard,  under  contract  of  Beptember  1,  1874,  (including 
$2,283.38  percentage  retained  on  work  done  up  to  July  1, 
1876) 3,848  38 

c  ^,000  cubic  yards  dredging,  at  75  cents  per  cubic  yard,  as 
per  contract  of  May  19, 1875,  (including  $1,801.02  percent- 
afre  retained  on  work  done  up  to  July  1, 1876} 50,551  02 

d,  &,000  cubic  yards  dredging,  not  contracted  lor,  at  75  cents 

per  cubic  yard 18,750  00 

85,252  65 

4.  Removal  of  Nash's  Rock  (shoal)  as  per  contract  of  May  19, 1875 5, 000  00 

5.  Remoyal  of  189  cubic  yards  near  Kelly's  Rock,  at  $00  per  cubic  yard..      11, 340  00 

6.  Raising  and  repairing  sea-wall  on  Lo veil's  Island  (new  estimate)  ......      15, 000  00 

Add  for  engineering  expenses  and  other  contingencies,  say 15, 681  56 

Total 155.455  29 

Amount  available  July  1, 1876 80,455  29 

Additional  amount  required  for  completing  all  the  work  no^  projected  for 
the  improvement  of  Boston  Harbor 75,000  00 


Amount  asked  for  in  annual  report  for  fiscal  year  ending  June  30,  1875.. .      60, 000  00 
Additional  amount  required  for  raising  and  repairing  sea-wall  on  Lovell's 
Island^  (new  estimate,)  as  above,  item  6 15,000  00 

Total 75,000  00 

On  comparing  the  original  estimate  of  the  cost  of  the  several  works 
proposed  to  be  done  in  1866,  as  then  sabmitted,  with  the  actual  cost  of 
the  same  as  now  finished,  it  will  be  seen  that  the  actaal  cost  has  been 
abont  50  per  cent,  higher  than  the  original  estimate,  which  excess  is 
probably  owing  to  the  want  of  exact  data  upon  which  to  base  that  es> 
timate,  as  well  as  to  the  price  of  material  and  labor  having  been  as- 
sumed too  low ;  and  for  other  completed  works  no  detailed  estimates 
appear  to  have  been  submitted ;  while  for  a  greater  part  of  the  works 
since  projected  from  time  to  time,  those  completed  have  generally  cost 
about  the  same  as  estimated. 

The  several  works  built  for  the  improvement  of  this  harbor  lie  within  the  port  of 
Boston,  and  in  the  coUection-district  of  Boston  and  Charlestown,  Mass. 

The  value  of  the  imports  into  this  port  for  the  fiscal  year  ending  June  30, 1876,  as 
famished  by  the  United  States  collector  of  customs,  was  $37,413,496,  and  the  amount 
of  duties  leoeived  for  the  same  period  was  $14,233,196.01. 

The  amoant  of  tonnase  which  entered  and  cleared  foreign,  for  11  months  ending 
iUy  31,  1876,  was  as  follows,  viz :  Cleared,  foreign,  526,057  tons ;  entered,  foreign, 
562,086  tons. 

MoTiey  staiement 

Amount  available  July  1, 1875. $191,930  78 

Amount  expended  during  fiscal  year  ending  June  30, 1876 Ill,  475  49 

Amount  available  July  1, 1876,  including  $17,811.28  due  on  contracts.... .      80, 455  29 

Amount  appropriated  by  act  approved  August  14,  1876 50, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 25, 000  00 

Amount  that  oan  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .      25, 000  00 


A  14. 

IMPEOVEMENT  OF  PLYMOUTH  HAJtBOB,  MASSACHUSETTS. 

The  existence  of  this  harbor  depends  entirely  upon  the  protection  and 
preservation  of  liong  Beach,  which  is  a  narrow  strip  of  land  that  extends 

12  B 
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2f  miles  out  from  the  main  land  in  a  northwesterly  direction,  nearly 
parallel  to  the  shore  of  the  town  of  Plymouth,  and  distant  from  it  about 
1  mile.  It  affords  to  the  harbor  its  only  shelter  from  easterly  storms. 
In  late  years  it  has  been  washed  away  in  some  places,  and  much  weak- 
ened in  others,  to  an  extent  seriously  threatening  the  ruin  of  the  harbor. 
For  the  protection  and  preservation  of  this  beach,  various  works  have 
been  built  from  time  to  time,  until  finally  they  have  proved  efficient 
and  successful. 

The  total  amount  that  has  been  appropriated  by  Congress  for  the 
preservation  and  improvement  of  this  harbor,  from  1824  up  to  and 
including  1875,  as  shown  by  statement  furnished  under  date  of  February 
1,  1876,  by  the  Chief  of  Engineers,  for  the  information  of  the  Committee 
on  Commerce  of  the  House  of  Representatives,  is  $97,766. 

Of  this  amount  there  has  been  allotted  to  and  appropriated  for  this 
harbor,  since  the  resumption  of  works  on  rivers  and  harbors,  in  1866, 
the  sums  as  follows,  viz : 

Amonnt  aUotted  in  1866  from  appropriation  made  for  harbors  on  the  Atlan- 

ticooast $8,300  00 

Amonnt  allotted  under  act  of  July  25, 1868 7,500  00 

By  act  approved  July  11, 1870,  appropriated 10,000  00 

By  act  approved  March  3,  1871,  appropriated 10,000  00 

By  act  approved  June  10, 1872,  appropriated '  2,500  00 

By  act  approved  March  3, 1873,  appropriated 3,000  00 

By  act  approved  June  23, 1874,  appropriated 5, 000  00 

By  act  approved  March  3, 1875,  appropriated 10,000  00 

Total 56,300  00 

In  1866,  under  the  allotment  of  $8,300  for  Plymouth  Harbor,  a  wooden 
breakwater  was  built,  by  contract,  in  that  year,  for  the  protection  of 
Long  Beach,  under  the  charge  of  Maj.  Jared  A.  Smith,  Corps  of  Engi- 
neers. In  the  annual  report  for  the  fiscal  year  ending  June  30, 1867,  it 
is  stated  that— 

One  thousand  three  hundred  linear  feet  of  that  breakwater  had  been  built.  Tt  con- 
Bists  of  triangular  frames  placed  at  intervals  of  4  feet,  covered  with  2-iuch  plank,  set 
in  a  trench  12  feet  wide  and  3  feet  deep,  the  trench  and  frame  being  filled  to  the  level 
of  the  ground.  It  is  situated  on  the  crest  of  a  ridge  of  sand,  of  about  3  miles  in  extent, 
and  of  an  average  width  of  800  feet.  At  intervals  along  this  ridge  there  are  depres- 
sions, through  which  the  sea  breaks  with  great  violence.  It  is  in  these  intervals  that 
the  breakwater  is  placed. 

In  1867  other  work  was  added  by  the  State  of  Massachusetts,  at  an 
expense  of  about  $2,000. 

These  works  were  then  deemed  sufficient  to  resist  any  action  of  the  sea ;  but  a  storm 
in  the  autumn  of  1867  carried  away  some  of  the  more  exposed  portions,  and  a  second 
occurring  the  subsequent  winter,  when  tides  were  highest,  carried  away  about  1,000 
linear  feet  of  the  strongest  portion  of  the  work,  besides  doing  other  damage,  leaving 
the  northern  portion  of  the  beach,  adjacent  to  the  main  entrance  of  the  harbor,  entirely 
unprotected  from  the  open  sea,  save  by  some  remaining  portions  of  a  work  oompletod 
in  1832,  and  the  beach  itself  so  much  reduced  as  to  be  entirely  submerged,  at  extreme 
high  tides,  for  a  length  of  1,500  feet.  The  sand  was  such  that^  while  a  slight  action  of 
the  sea  would  raise  the  beach,  the  prevailing  winds  and  heavier  seas  would  drive  the 
sand  into  the  channel,  and  it  was  evident  that  a  severe  storm  would  not  only  seriously 
injure  the  beach  thus  unprotected,  but  also  the  main  channel,  and  leave  it  entirely 
exposed  to  further  encroachments. 

Under  an  additional  allotment  of  $7,500  made  in  August,  1868,  out  of 
the  appropriation  of  July  25, 1868,  200  linear  feet  of  substantial  crib- 
work  of  timber  covered  with  plank,  and  176  linear  feet  of  triangular  work 
(similar  to  that  built  in  1866)  were  built  by  contract  in  the  autumn  of  ISOSy 
for  the  further  protection  of  Long  Beach  where  injured  by  the  storms  of 
the  previous  autumn.  Major  Smith  having  been  in  charge  of  the  work. 
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Under  the  appropriation  of  $10,000  made  by  act  of  July  11,  1870, 
a  contract  was  made  by  the  late  Lieut.  Col.  J.  G.  Foster,  Corps  of  Eu- 
gineers,  then  in  charge  of  the  work,  for  the  construction  near  the  outer 
end  of  Long  Beach  of  about  1,700  linear  feet  of  bulk-head  and  jetties, 
bailt  of  frame- work  and  filled  with  brush  and  ballasted  with  stone. 
This  work  was  commenced  in  September,  1870,  and  completed  before 
the  close  of  that  season. 

In  May,  1871,  the  charge  of  Plymouth  Harbor  improvement  was  trans- 
ferred to  Lieut.  Col.  George  Thom,  Corps  of  Engineers,  by  whom  con- 
tracts were  made  under  the  appropriation  of  March  3, 1871,  for  complet- 
ing the  projected  bulk-head  and  jetties  on  the  extremity  of  Long  Beach, 
at  $3.8G  per  linear  foot,  and  for  furnishing  and  placing  granite  grout 
upon  the  stone  bulk-head  to  connect  the  outer  end  of  the  beach  with  the 
beacon,  at  $2.25  per  ton.  Work  was  commenced  under  both  contracts 
in  June,  1871 ;  that  on  the  brush  bulk-head  and  jetties  was  finished  in 
August,  1871,  641^  linear  feet  having  been  built  under  the  contract ;  and 
the  contract  for  the  stone  was  completed  in  September,  1871, 2,028  tons 
having  been  furnished.  The  balance  of  the  appropriation  of  1871  was 
appli^  to  the  repairs  of  the  bulk-head  and  jetties  previously  built  upon 
Long  Beach,  in  places  where  they  had  been  damaged  by  storms,  and  to 
the  planting  of  beach  grass  on  the  beach  where  most  necessary  for  its 
preservation. 

Under  the  appropriation  of  June  10, 1872,  ($2,500,)  the  following  re- 
pairs were  made  in  July  and  August  of  that  year,  viz  : 

1.  In  making  about  200  linear  feet  of  brush  bulkhead  and  jetties,  to 
replace  that  damaged  by  the  storm  in  November,  1871 ; 

2.  In  strengthening  the  outer  part  of  the  bulk-head  with  613  tons  of 
stone,  purchased  for  that  purpose ; 

3.  In  making  300  linear  feet  of  single  brush  jetties,  and  250  linear  feet  of 
small  stone  jetties;  and, 

4.  In  planting  10,800  hills  of  beach-grass. 

This  work  was  done  by  hired  labor  and  with  materials  purchased  in 
oi>en  market,  as  authorized  so  to  do. 

The  appropriation  of  $3,000  made  by  act  of  March  3, 1873,  was  ap- 
plied  to  continued  repairs  upon  all  the  works  previously  built,  to  the 
building  of  stone  and  brush  groins  outside  and  inside  the  bulk-head  at 
the  outer  end  of  Long  Beach,  and  to  planting  over  10,000  hills  of  beach- 
grass  on  the  newly-formed  beach,  and  in  other  places  where  most  nec- 
essary. 

The  appropriation  of  $5,000  made  by  act  of  June  3, 1874,  was  applied 
to  the  completion  of  all  the  stone  and  brush  groins  on  the  outer  end  of 
Long  Beach  ;  to  increasing  in  height  and  strength  the  stone  bulk-head 
connecting  the  beacon  with  the  outer  end  of  the  beach ;  to  building  a 
small  bulk-head  of  frame- work,  brush,  and  stone,  290  feet  in  length,  for 
protecting  the  beach  about  one  mile  from  its  inner  end ;  to  planting  beach- 
grass,  and  making  repairs  where  most  necessary  for  the  protection  and 
preser\'at]on  of  Long  Beach.  This  work  was  done  by  hired  labor  and 
with  materials  purchased  in  open  market,  and  was  completed  in  August, 
1875. 

From  the  foregoing  it  is  seen  that  the  several  amounts  that  have  been 
allotted  to  and  appropriated  for  the  improvement  of  Plymouth  Harbor 
since  1866  have  been  applied  to  the  construction  of  bulk-heads,  jetties, 
and  groins,  and  the  planting  of  beach-grass  where  most  necessary  for 
protecting  and  strengthening  Long  Beach  throughout  its  whole  extent 
of  abont  29  miles. 

These  bulkheads  consist  of  triangular  frames,  (built  in  1866  and  1868,) 
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or  of  crib- work  of  timber  covered  with  plank,  (built  in  1868,)  and  those 
built  in  1870  and  1871  of  a  frame- work  well  secured  in  the  ground,  filled 
with  brusb,  and  ballasted  with  stone ;  that  connecting  the  outer  end  of 
the  beach  with  the  beacon  being  built  entirely  of  rubble-stone. 

The  jetties  consist  of  a  frame- work  filled  with  brush  and  ballasted 
with  stone,  and  the  groins  of  small  stones  intermixed  with  brush,  and 
sometimes  of  brush  alone.  These  groins,  33  in  number,  are  built  out 
perpendicularly  from  the  main  bulk-head,  on  the  seaward  side,  varying 
in  length  from  75  to  265  feet,  and  aggregating  5,250  feet  in  length,  and 
from  50  to  150  feet  apart.  Others  have  been  built  inside  the  bulk-head, 
in  places  where  most  necessary.  They  were  made  by  placing  brush 
upon  the  surface  of  the  beach  and  piling  upon  it  beach-bowlders  to  a 
height  of  about  2  feet  and  for  a  width  of  5  feet.  The  brush  groins  were 
made  by  digging  a  trench  2  feet  by  2  feet,  and  placing  brush  in  it 
upright  and  as  close  as  practicable,  the  brush  being  held  by  sand  being 
thrown  into  the  trench  and  well  rammed  down,  and  sometimes  further 
protected  by  small  bowlders  placed  in  a  row  along  the  sides  of  the 
groin.    The  brush  rises  about  2  or  3  feet  above  the  surface  of  the  beach. 

The  bulk-heads  and  jetties  had  already  accumulated  a  large  quantity 
of  sand,  forming  a  ridge  throughout  its  whole  extent ;  but  with  a  view 
to  increasing  its  strength  and  ef&ciency,  the  several  groins  have  been 
built,  and  have  fully  answered  the  purpose  for  which  they  were  intended. 
Bea^h-grass  has  been  planted,  and  covers  nearly  all  this  newly-formed 
beach,  which  is  now  in  an  efficient  condition.  Repairs  will,  however, 
continue  to  be  necessary  from  time  to  time,  as  they  now  are,  along  this 
beach,  exposed  as  ic  is  to  injury  by  violent  storms.  Something  more 
should  also  be  done  for  increasing  the  efficiency  of  the  stone  bulk-head 
at  the  outer  end,  and  its  connection  with  the  beach,  the  estimated  cost 
of  which  is  as  follows,  viz : 

1.  1,000  tons  rubble-Btone,  at  82 $2,000  OO 

2.  Repairs  of  bulk-head  near  inner  end  of  beacb,  (partially  burnt  of  late). ..  250  00 

3.  Repairs  of  bulk-head  and  jetties 750  00 

Adding  for  contingencies,  say 500  OO 

Total 3  500  00 

A  survey  was  made  of  this  harbor  in  February,  1874,  by  Mr.  Sophus 
Haagensen,  assistant  engineer,  in  compliance  with  a  resolution  of  the 
House  of  Representatives  dated  December  10,  1873,  "  with  a  view  to 
dredging  and  improving  the  same,  so  as  to  afford  greater  protection  and 
facilities  to  commerce." 

To  make  this  portion  of  the  harbor  practicable  for  "  beating  up''  with 
sailing-vessels  would  require  a  width  of  not  less  than  500  feet,  which 
would  necessitate  the  excavation  of  about  80,000  cubic  yards  of  hard  sand 
on  the  "Middle  Ground''  and  "Splitting  Knife"  Bars,  which  obstract 
the  present  channel,  and  about  320,000  cubic  yards  of  mud  and  clay  be- 
tween the  "Middle  Ground"  and  "Long  Wharf,"  at  a  probable  cost  of 
not  less  than  $176,000,  and  with  a  likelihoocji  that  the  improvement 
would  be  but  temporary,  as  the  same  causes  which  have  already  pro- 
duced the  existing  shoals  would,  it  is  more  than  probable,  reproduco 
them.  Should  it  be  decided  to  improve  this  harbor  by  dredging,  it  is 
recommended  that  it  should  be  applied  to  the  opening  of  a  channel  100 
feet  in  width  and  6  feet  in  depth  at  mean  low-water,  from  the  end  of 
Long  Wharf  outward  in  cx)ntinuation  of  the  present  main  channel  above 
the  Middle  Ground.  A  channel  of  this  width  would  enable  vessels  to 
be  towed  up  to  the  vicinity  of  the  wharves  of  the  town,  and  would  prob- 
ably be  kept  open  by  the  scour  of  tbe  ebb-tide  de'flected  into  it  from 
"  Town  Brook." 
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The  estimated  cost  of  this  chaDiiel  was  as  follows^  viz: 

64,000  cnbic  yards  dredji^Dg,  at  40  cents  per  cubic  yard $25, 600  00 

Add  for  oontiugenoies,  say 2,400  00 

Total 28,000  00 

Under  the  appropriation  of  $10,000,  made  by  act  of  March  3, 1875,  for 
improving  this  channel  as  above  projected,  a  contract  was  made  May 
13, 1875,  with  Mr.  Augustus  B.  Wright,  of  Geneva,  N.  Y.,  the  lowest 
bidder,  at  23  cents  per  cubic  yard,  as  measured  in  the  scows,  for  35,000 
cubic  yards,  more  or  less,  of  dredging,  to  be  applied  to  the  partial  exca- 
vation of  the  projected  channel.  Dredging  was  commenced  under  this 
contract  on  the  19th  of  April,  1876,  and  was  completed  on  the  21st  of 
June,  1876,  resulting  iu  34,985  cubic  yards  of  dredging,  whereby  a 
channel  was  opened  up  to  wharves  of  Plymouth  for  a  width  of  50  feet 
and  to  a  depth  of  6  feet  at  mean  low- water.  . 

After  further  considering  the  wants  of  commerce  and  the. facilities 
required,  it  is  recommended  that  a  basin  be  excavated  at  the  upper  end 
of  the  channel  in  front  of  the  wharves,  where  vessels  may  lie  secure  and 
be  able  to  pass  each  other  at  any  stage  of  the  tide.  Here  it  now  aver- 
ages 1  foot  bare  at  mean  low-water,  and  it  is  recommended  that  the 
basin  be  excavated  to  a  depth  of  8  feet  at  mean  low-water  for  an  area 
of  12,500  square  yards,  which  would  require  about  45,000  cubic  yards  of 
dredging  in  addition  to  that  called  for  in  the  estimate  submitted  in  Feb- 
ruary, 1874.  With  this  modification  in  the  project,  the  following  esti- 
mate is  submitted  for  completing  the  improvement  of  this  harbor,  viz : 

1.  30,000  cubic  yaixls  dredeing  for  completing  channel,  as  per  original  esti- 
mate, at  30  cents  per  cnbic  yard $9,000  00 

9.  45,000  cnbic  yards  additional,  for  baain,  at  30  cents  per  cnbic  yard 13, 500  00 

Adding  for  contingencies,  say 4,327  42 

Tolnl 26,827  42 

Adding  to  this  the  above  estimate  for  continuing  the  works  for  the  protec- 
tion and  preservation  of  Long  Beach 3,500  00 

Total 30,327  42 

Amount  available  Jnly  1,1876 327  42 

Additional  amount  required  for  the  fiscal  year  ending  June  30, 1878 30,000  00 


• 


Money  statement. 

Amoant  available  July  1, 1875 $11,075  67 

Amount  expended  during  fiscal  year  ending  Jane  30, 1876 10,748  25 

Amount  available  July  1, 1876 327  42 

Amount  (e8tiinat«d)  required  for  completion  of  existing  project 30, 000  00 

imount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878.  30, 000  00 


A  15. 
IMPROVEMENT  OF  PROVINCETOWN  HARBOR,  MASSACHUSETTS. 

The  following  amonnts  have  been  allotted  to  and  appropriated  for  the 

preservation  of  this  harbor  since  the  resamption  of  work  on  rivers  and 

harbors  in  1866,  viz  : 

Amount  allotted  in  1866,  from  appropriation  made  for  barbors  on  the 

Atlantic  coast $15,000  00 

Amount  appropriated  by  act  approved  June  23, 1866 43, 068  44 

Amoant  allotted  under  act,  approved  April  10, 1869 9,000  00 
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Amount  appropriated  by  act  approved  March  3,  1871 $6, 000  00 

Amount  appropriated  by  act  approved  June  10,  1872 5,000  00 

Amount  appropriated  by  act  approved  March  3, 1873 6, 000  00 

Amount  appropriated  by  act  approved  June  2^),  1H74 6, 000  00 

Amount  appropriated  by  act  approved  March  3, 1875 5, 000  00 

Total 95,068  44 

• 

Under  the  above  appropriations,  the  following  work  has  been  done  to 
date,  for  the  preservation  of  this  harbor,  viz : 

1.  Bulk-heads  and  jetties  of  various  descriptions  have  been  built  from 
time  to  time  along  Beach  Point  for  its  preservation  and  protection,  both 
by  the  United  States  Government  and  by  the  local  authorities. 

2.  A  dike  was  built  in  1868  and  1869  by  the  State  of  Massachusetts 
across  the  outlet  of  East  Harbor  Greek. 

3.  A  dike  was  built  in  1868  and  1869  by  the  United  States  Govern- 
ment  across  East  Harbor  Greek  at  the  Wading  Place,  near  High  Head, 
about  2  miles  above  the  outlet  of  the  creek. 

4.  Wooden  bulkheads  and  jetties  have  been  built  at  different  times 
for  the  protection  and  preservation  of  the  beach  on  Long  Point. 

5.  A  stone  bulk-head  has  been  nearly  completed  for  the  protection  and 
preservation  of  the  outer  end  of  Long  Point,  the  light-house,  and  Three- 
gun  Battery. 

6.  A  substantial  dike  (272  feet  in  length)  was  built  in  1871-72  across 
the  head  of  Laucey's  Harbor,  near  Abel  Hill. 

7.  Beach-grass  planted  on  Beach  Point,  Long  Point,  Abel  Hill,  Cove 
Section,  and  Gblique  Section,  and  at  the  last  two  places  brush  has  also 
been  laid  for  their  further  protection. 

8.  The  projected  extension  of  the  several  jetties  on  Beach  Point  and 
State  Dike  has  been  completed. 

9.  A  bulk-head  and  6  jetties  built  for  the  preservation  and  piptection 
of  the  beach  at  Gove  Section,  near  High  Head,  where  encroached  upon 
by  the  extraordinary  gales  of  November,  1873,  and  January,  1874.  This 
bulk-head  is  607  feet  in  length,  and  the  jetties  have  an  aggregate  length 
of  126  feet.  They  consist  of  a  frame- work  filled  with  brush  and  ballasted 
with  stone,  and  were  completed  in  December,  1874. 

10.  Accurate  resurveys  made  in  1871,  '72,  '73,  and  '74  of  Gove  Sec- 
tion, Oblique  Section,  Beach  Point,  and  Long  Point,  together  with  elab- 
orate soundings  and  current  observations  in  the  inner  harbor. 

On'tbe  let  of  Jnly,  1975,  there  was  available  for  the  farther  improvement  of 

this  harbor  the  sam  of $3,326  07 

Amount  expended  daring  the  fiscal  year  ending  Jane  30, 1876 2, 830  00 

The  amount  expended  during  the  fiscal  year  ending  June  30, 1876,  has 
been  applied  to  the  completion  of  the  sluiceway  and  other  repairs  of 
High  Head  dike;  to  strengthening  and  extending  the  bulk-head  and 
jetties  at  Cove  Section ;  repairing  bulk-head  and  jetties  on  Beach  Point; 
extending  the  stone  bulk-head  on  Long  Point,  and  planting  beach-grass 
at  Gove  Section,  Oblique  Section,  Beach  Point,  Long  Point,  and  on  the 
sand-hills  between  Beach  Point  and  Cove  Section.  A  resurvey  made 
of  Cove  Section  in  August,  1875,  showed  that  since  the  completion  of 
the  bulk-head  and  jetties  in  December,  1874,  the  sand  had  accumulated 
in  front  of  those  works  to  so  great  an  extent  that  the  beach  had  been 
raised  4  feet  on  an  average  between  the  works  and  the  crest  of  1874, 
and  that  outside  the  crest  of  1874  the  sand  had  accumulated  to  an  in- 
creased height  of  11  feet,  throwing  outward  the  high  and  low  water  lines 
respectively  90  feet  and  105  feet  since  1874.  A  recent  inspection  of  the 
work  showed  continued  improvement  to  such  an  extent  that  it  is  believed 
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that  tliis  weak  portion  of  the  beach  is  now  secure  against  farther  en- 
croachment by  storms.  These  works,  however,  as  well  as  the  dikes  at 
High  Head  and  Abel  Hill  and  others  built  for  the  preservation  of  this 
harbor,  require  continuous  watching  and  repairs.  The  stone  bulk-head 
also  on  the  extremity  of  Long  Point  should  be  extended  further  up  the 
beach,  as  well  as  around  the  extremity  of  the  point,  to  insure  its  pres- 
ervation, as  well  as  that  of  the  light-house  built  upon  it.  The  follow- 
ing is  an  estimate  of  the  cost,  viz  : 

1.  Raising  and  extending  the  stone  balk-head  for  the  protection  and  preser- 
vation of  Long  Point,  near  the  light-house,  and  Three-gun  Battery  ;  1,500 

tons  mlible-Btone,  at  $2 $3,000  00 

2.  Repairs  of  bnlk-head  and  Jetties  on  Beach  Point  and  Cove  Section 250  00 

3.  Repairs  of  dikes  at  High  Head  and  Abel  Hill 250  00 

4.  Planting  beach-grass  for  preserving  and  strengthening  the  "  enter  beach  ** .        600  00 
Adding  for  contingencies,  say 1,396  00 

Total 5,496  07 

Amount  available  July  1,1876 496  07 

Additional  amount  required  for  fiscal  year  ending  June  30, 1878 5, 000  00 

In  regard  to  the  estimates  for  the  work  done  for  the  preservation  of 
this  harbor  they  appear  to  have  generally  agreed  with  the  amounts  that 
have  been  appropriated  and  expended  therefor.  Much  of  the  work,  how- 
ever, has  been  for  repairs  and  extensions  not  foreseen,  but  absolutely 
necessary  to  be  made  as  they  occurred,  for  which  no  previous  estimates 
coald  be  made. 

Further  and  more  detailed  information  in  regard  to  the  history  and 
description  of  the  several  works  built  for  the  preservation  of  this  harbor 
will  be  found  in  the  accompauying  paper  of  Assistant  Engineer  Sophus 
Haagensen,  with  drawings  illustrating  same,  which  has  been  prepared 
and  completed  under  my  direction,  principally  from  reports  and  draw- 
ings in  this  office. 

Provincetown  is  a  port  of  entry  within  the  collection-district  of  Barnstable,  Mass. 

The  amoant  of  revenue  received  at  this  port  during  the  fiscal  year  ending  Jane  30, 
1876,  was  $1,637.89. 

The  nnmber  of  vessels  engaged  in  coasting  trade  and  foreign  trade  which  resorted  to 
this  harbor  for  refuge  and  trade  during  that  vear,  (as  stated  by  the  deputy  collector  of 
cnstoms  at  that  port,)  from  the  best  available  information,  was  estimated  to  be  7,500, 
having  an  aggregate  tonnage  of  525,000  tons,  worth  $20,000,000,  and  carrying  careoes 
ofthevalura  11,500,000.  J^    »       e 

Money  statement, 

Amonnt  available  July  1, 1875 $3,326  07 

Amount  expended  daring  fiscal  year  ending  June  30,  m76 2, 830  00 

Amonnt  available  Julv  1, 1876 496  07 

Amoant  appropriated  oy  act  approved  August  14, 1876 4, 000  00 

Amoant  (estimated)  required  for  completion  of  existing  project 1, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     1, 000  00 


report  of  mr.  sophus  haagbnsen,  assistant  engineer. 

United  States  Engineer  Office, 

Partlandy  Me,,  March  23, 1876. 

General:  In  accordance  with  your  directions,  I  have  the  honor  to  herewith  submit 
to  yoa  a  description  of  the  works  built  for  the  protection  and  preservation  of  Province- 
town  Harbor,  Mass.,  together  with  four  plans  illustrating  the  same,  compiled  from  the 
various  soarces  of  Information  in  this  office. 

LOCALITY. 

Provincetown  Harbor  is  situated  at  the  extremity  of  Cape  Cod,  in  latitude  42^  02' 
north,  and  long^tade  70^  10'  west.  It  is  one  of  the  most  important  harbors  of  refnge 
on  the  Atlantic  coast,  and  its  location,  easy  accessibility,  and  completely  protected 
aoeborage  entitle  it  to  be  called  the  model  harbor  of  the  Atlantic  coast. 


J 
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Its  asefhlDess  as  a  harbor  of  refage  is  demonstrated  by  the]arge  fleet  of  vessels  always 
to  be  found  there  in  rough  weather.  Coasters,  the  numeroos  vessels  engaged  in  fisher- 
ies on  George's  Banks,  (115  miles  distant,)  and  foreign  vessels  bound  into  ports  in  Mas- 
saohnsetts,  all  find  it  a  convenient  rendezvous  in  stormy  weather.  In  offering  to  vessels 
of  the  latter  class  a  safe  retreat  when  suddenly  overtaken  by  storms  in  Massachusetts 
Bay,  under  circumstances  where  their  approach  to  the  entrance  of  Boston  Harbor 
would  be  dangerous,  it  largely  enhances  the  value  of  this  port. 

EASY  ACCESSIBILITY. 

Provincetown  Harbor  is  easy  of  access,  and  the  only  dangers  are  the  sand-flats, 
known  as  Shank  Painter  Bar,  Wood  End  Bar,  and  Long  Point  Bar,  the  flrst  two  of 
which  extend  about  one-half  a  mile  from  the  shore,  the  latter  about  one-quarter  of  a 
mile ;  but  there  is  ample  room  to  give  these  shoals  a  wide  berth,  even  in  a  northeast 
wind,  the  most  unfavorable  for  entering  the  harbor. 

LIGHTS. 

The  4  lights,  viz:  Highland  light,  Race  Point  light.  Wood  End  light,  and  Long  Point 
light  affora  guides  for  its  entrance  at  night.  On  entering  the  harbor,  when  Long  Point 
light  bears  south,  good  anchorage  is  found  in  13  fathoms  of  water  or  less. 

SAFE  ANCHORAGE. 

The  holding-ground  fs  good ;  it  consists  of  mud,  more  or  lees  stiff,  in  depths  ex- 
ceeding 8  fathoms ;  in  lesser  depths  the  bottom  is  clear  hard  sand. 

The  harbor  is  completely  land  locked ;  lines  drawn  from  the  middle  of  the  harbor  to 
all  points  of  the  compass  strike  land  within  a  distance  of  five  miles,  this  maximum  dis* 
tance  being  in  a  direction  east-southeast.  The  harbor  is  therefore  free  from  a  heavy 
swell  in  all  gales. 

CAPACITY. 

Its  capacity  is  of  the  very  largest.    Limiting  the  harbor  proper  to  the  area  west  of  a 
line  drawn  between  Long  Point  light  and  Monnt(Ararat,  the  following  figures  give  the 
areas  of  various  depthsi  viz : 

Square  miles. 

Area  in  the  plane  of  high- water 3.bT 

Area  in  the  plane  of  low-water 2.32 

Area  in  the  plane  of  6  feet  below  low-water 1.79 

Area  in  the  plane  of  12  feet  below  low-water 1,54 

Area  in  the  plane  of  18  feet  below  low-water 1. 0(> 

or  for  vessels  of  9  feet  draught  and  upward  there  is  an  area  available  for  anchorage 
at  all  stages  of  the  tide  of  If  square  mues,  or  1,067  acres. 

TIDB. 

The  mean  rise  and  fall  of  tide  is  9.2  feet,  and  the  plane  of  mean  low-water  in  the 
harbor  (the  plane  of  reference)  is  30.17  feet  below  the  bench  on  the  southeast  corner  of 
Centenary  cnuroh,  the  top  of  brick- work  junction  with  wood. 

MAP  OF  THE  HARBOR. 

The  attention  of  the  Government  was  early  called  to  the  value  of  this  harbor.  In  the 
vears  1833,  1834,  1835  elaborate  surveys  were  made  of  the  extremity  of  Cape  Cod  by 
Msg.  J.  D.Graham,  United  States  Topographical  Engineers,  and  a  map  thereof  published 
minutely  explaining  the  peculiar  feature  of  this  interesting  harbor. 

CHARACTER  OF  MATERIAL  INCLOSING  THE  HARBOR. 

The  material  of  the  cape  forming  the  harbor  consists  entirely  of  sand  washed  up  bv 
the  sea  and  blown  into  dunes  by  the  wind.  Outside  and  to  the  westward  of  Higa 
Head  (the  terminus  of  the  gravel  and  clay  formations)  nothing  but  pure  sand  is  found, 
even  to  great  depths.  Borings  made  for  water  in  Provincetown  have  disclosed  tho 
fact  that  clay  was  not  struck  till  a  depth  of  130  feet  below  low- water  mark  was 
reached. 

This  sand,  being  entirely  iree  from  any  binding  matter,  is  subject  to  great  changes 
by  even  moderate  actions  of  sea  and  wind. 

THE  OUTER  BEACH. 

The  only  barrier  between  the  ocean  and  the  harbor  was,  at  the  time  of  Mtgor  Gra- 
ham's survey,  a  low  sand  beach,  called  the  **  Outer  Beach,"  which  at  the  point  desig- 
nated as  "Cove  section"  was  only  300  feet  wide  between  the  high-water  lines  either 
side  of  it.  This  beach  was  exposed  to  the  most  violent  action  of  the  ocean,  the  effect 
of  which  was  known  for  years  to  be  the  abrasion  of  the  entire  easterly  coast  of  Cax>o 
Cod,  resulting  at  Chatham  in  the  destruction  of  that  harbor. 
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The  immediate  danger  of  a  breach  through  this  weak  barrier,  which,  for  reasons 
afterward  to  be  commented  npou,  wonld  inevitably  oaase  the  destruction  of  Province- 
town  Harbor,  was  perhaps  the  main  reason  why  the  Government  took  in  hand  the  pres- 
ervation of  Provincetown  Harbor.  To  give  a  brief  history  of  the  works  built  for  this 
porpoee  is  the  object  of  this  paper. 

The  only  means  of  communication  with  Provincetown  as  late  as  1855  was  by  land 
aloDg  the  above-mentioned  sand-beach,  necessitating  a  ride  of  foar  miles  through 
loose,  drifting  sand.  At  low- water  abont  half  of  this  ride  could  be  avoided  by  cross- 
ing East  Harbor  Creek  below  High  Head,  in  the  locality  known  as  the  '*  Wading-place,'' 
now  the  site  of  the  United  States  dike. 

An  improvement  in  this  route  of  travel  was  made  in  1855,  when  the  bridge  across 
the  entrance  to  East  Harbor  was  built,  joining  Beach  Point  with  the  opposite  shore. 

BEACH  POINT. 

Beach  Point,  which  at  the  time  of  Major  Graham's  survey  was  entirely  elevated 
above  the  highest  tides,  suffered  subsequently  by  the  wash  of  the  waves  in  southwest 
gales,  until  tne  water  broke  through  abont  one-half  a  mile  southeast  of  the  bridge 
shortly  after  its  completion. 

WORKS    OF  REPAIR. 

At  the  joint  expense  of  the  oonsty  of  Barnstable  and  the  town  of  Truro,  two  plank 
balk-heads  were  built  along  the  beach  for  the  purpose  of  inclosing  a  roadway ;  and 
various  jetties  projecting  at  right  angles  from  the  beach  were  also  bnilt  by  the  same 
parties  in  order  to  preserve  this  roadway. 

But  no  permanent  improvement  of  this  beach  was  effected  until  the  United  States 
Government  took  the  matter  in  hand,  and  erected  a  system  of  bru^  bulk-heads  and 
jetties,  which  have  in  every  respect  accomplished  the  purpose  for  which  they  were 
intended.  In  addition  to  which  a  dike  was  built  by  the  State  of  Massachusetts, 
whereby  the  entrance  to  East  Harbor  was  closed,  and  the  beach  extended  to  the  main 
land,  near  Monnt  Ararat. 

These  improvements  have  been  so  snccessfnl,  that  the  Old  Colony  Railroad  has  since 
bnilt  their  track  on  this  beach,  in  extending  the  road  from  Boston  to  Provincetown. 

BRUSH  JETITES. 

The  construction  of  brush  bnlk-head  and  jetties  will  be  nnderstood  from  Plate  U, 
Fig.  4.  They  consist  of  wooden  posts,  averaging  11  feet  in  length  and  8  inches  in  diam- 
eter; these  are  set  5  feet  deep  into  the  sand,  in  3  rows,  4  feet  apart,  and  at  equal  dis- 
tances of  4  feet  in  each  row.  Trenches  are  dug  to  admit  of  putting  on  longitudinal 
and  transverse  braces  2  feet  below  the  surface  of  the  beach.  Above  the  beach  two 
more  svstems  of  braces  hold  the  tops  together.  This  frame-work  is  then  ready  to  re- 
ceive the  brush,  the  ends  of  which  project  outside  the  face  of  the  frame.  The  brush  is 
properly  ballasted  with  bowlders  weighing  from  50  to  150  pounds.  The  outer  ends  of 
the  more  exposed  jetties  have  been  protected  by  a  stone  apron ;  and  in  cases  where  the 
jetty  approached  the  low- water  line,  and  the  sand  was  very  movable,  a  plank  floor  1| 
inches  thick  has  been  laid  npon  the  lower  transverse  braces  and  ballasted,  in  order 
to  keep  the  x^osts  from  being  lifted  out  by  the  rising  tide. 

This  work  was  commenc^  in  1866  at  the  above-mentioned  breach,  |  mile  fh)m  the 
extreme  end  of  Beach  Point.  As  early  as  1669  the  wasted  beach  had  been  so  restored 
and  increased  in  strength,  that  the  Massachusetts  State  board  of  commissioners  on 
the  building  of  the  dike  across  East  Harbor  Inlet  adopted  the  same  plan,  in  order  to 
restore  the  outer  bank  of  the  dike  then  completed,  which  had  been  abraded  to  such  an 
extent  by  the  violent  gales  of  September  and  October,  1869,  ^*  as  made  it  imperative 
tbat  some  work  should  be  done  to  repair  the  breaches  and  arrest  further  action  in  the 
same  direction/' 

The  repair  and  further  extension  of  these  jetties  has  since  been  done  by  the  United 
States  Government. 

The  bulk-head  is  bnilt  immediately  below  the  high- water  line  and  the  jetties  perpen- 
dicularly to  it  on  the  beach,  the  slope  of  which  averages  1  foot  in  10  feet,  although  in 
some  places  it  is  only  1  in  7.  The  length  of  the  jetties  vary  from  40  feet  to  70  feet.  In 
all,  7,170  running  feet  of  bnlk-head  and  jetties  have  been  built  on  Beach  Point,  and  their 
effect  has  been  to  add  200,000  cubic  yards  of  sand  to  this  beach.  The  jetties  east  of 
tbe  State  dike  are  all  buried  in  the  sand ;  those  in  front  of  the  dike  are  as  yet  only  par- 
tially so,  but  tbe  sand  is  rapidly  accumulating  there. 

Numerous  stone-groins  ballasting  the  accumulated  sand  have  also  been  constructed 
in  this  locality 

The  superiority  of  brush-work  over  all  other  constructions  built  as  "  catch-sands  "  is 
due  to  the  uneven  surface  presented  by  the  brush  to  the  dash  of  the  waves,  deadening 
the  shock  of  the  water,  and  preventing  the  receding  water  from  undermining  the 
stinctnre.  These  brush-work  bulk-heads  and  jetties  have  proved  to  be  highly  success- 
fal  in  the  restoration  of  Long  Beach,  Plymouth  Harbor,  Mass.,  where  numerous  and 
far  costlier  works,  triangular  and  square  crib-works,  ballasted  with  stone,  and  even 
solid  BU>ne  walls,  had  failed  to  retain  the  sand  carried  in  by  the  surf. 
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DANGER  FROM  AN  INLET  ON  THE  EAST  SIDE  AT  CO^'^  SECTION. 

Daring  the  progress  of  repairiDg  Beach  Point,  the  wearing  away  of  the  outer  beach 
continued  steadily »  so  that  a  breach  at  Cove  section  might  be  expected  in  any  violent 
northeast  gale.  Had  such  a  breach  occurred  previous  to  the  building  of  the  United 
States  dike  at  High  Head,  and  the  State  dike  at  Beach  Point,  the  ocean  would  have 
been  brought  in  communication  with  Provincbtown  Harbor  on  the  east  throagh  East 
Harbor  Creek.  This  opening  once  made,  aided  by  the  difference  in  water-level,  either 
side  of  this  outer  beach  at  the  various  stages  of  the  tide,  as  ascertained  by  direct  ob- 
servations, would  have  increased  till  the  outer  part  of  the  cape  had  been  severed  from 
its  connection  with  High  Head,  and  Provincetown  Harbor  would  thus  have  been  de- 
stroyed by  its  exposure  to  east  winds  and  by  the  large  body  of  sand  which  the  current 
would  have  carried  into  it  through  this  inlet.  To  anticipate  this  catastrophe,  the 
United  States  dike  at  High  Head  was  built,  which,  if  the  break  should  occur,  (as  it 
actually  did  in  1^4,)  would  limit  the  damage  to  the  overflowing  of  the  salt  meadow. 

UNITED  STATES  DIKE  AT  HIGH  HEAD. 

The  construction  of  the  dike  will  be  understood  from  Plate  II,  Fig.  2*  and  Fig.  2^. 

The  frame- work  is  a  single  row  of  sheet-piling,  supported  against  stringers  bolted 
to  12-inch  piles,  driven  10  feet  apart  on  the  axis  o4  tne  dike.  This  sheet-piling  was 
driven  to  the  hard  bottom,  which  was  found  at  an  average  depth  of  8  feet  below  the 
surface  of  the  meadow ;  the  piling  was  cut  off  5^  feet  above  ordinary  high-water  mark. 
The  length  of  the  sheet-piling  is  690  feet. 

A  wooden  sluice  was  built  through  this  sheet-piling,  with  its  bottom  in  the  level  of 
mean  low-water  in  East  Harbor  Creek  at  this  point,  (4.3  feet  below  mean  high- 
water,)  so  that  the  dike  should  not  interfere  with  the  proper  drainage  of  the  salt 
meadow.    This  sluice  had  a  gate  toward  the  salt  meadow. 

The  embankment  is  17  feet  wide  on  its  top,  which  is  7  feet  above  mean  high- water ; 
the  sides  are  sloped  at  an  angle  of  45^,  and  covered  with  sodding. 

It  was  completed  in  1869.  Owing  to  the  decay  of  the  wooden  sluice  through  the 
dike,  a  15-incn  cement-pipe,  with  an  iron  gate  toward  the  salt  meadow,  was  substitnted. 
in  1875. 

GROWING  OF  THE  FLATS  OUTSIDE  BEACH  POINT. 

The  next  difficulty  to  be  considered  was  the  observed  growing  of  the  flats  outeide 
Beach  Point,  and  their  encroaching  upon  the  anchorage  ground.  This  was  due  to  the 
emptying  of  the  large  tidal  basin  of  East  Harbor  inside  Beach  Point,  which  received, 
the  sand  olown  from  the  outer  beach  into  the  basin.  At  every  ebb-tide  this  discharged, 
itself  with  a  velocity  large  enough  to  hold  the  sand  in  suspense  and  move  it  till  it  met 
the  still  water  on  the  edge  of  the  flats,  where  the  sand  lodged. 

The  hydrosraphic  survey  of  1873  compared  with  thai  of  1835  shows  the  moet 
marked  shoaling  to  have  taken  place  over  the  areas  marked  1, 2,  and  3  on  Plate  I ;  the 
shoaling  did  not  extend  beyond  the  head  of  Moon  Pond  Meadow  on  the  east,  nor  beyond 
the  line,  Lon^  Point  Light,  Mount  Ararat,  on  the  west. 

The  following  table  exhibits  these  changes  in  the  interval  from  1835  to  1873 : 
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This  table  shows  that  the  shoaling  in  a  northerly  and  southerly  direction  has  been 
limited  to  the  area  between  the  6-foot  and  30-foot  contour  lines,  the  maximum  shoal- 
ing being  on  the  12-foot  curve. 

CURRENT  OBSERVATIONS  PREVIOUS  TO  CLOSING  OF  EAST  HARBOR. 

This  result  confirms  the  conclusions,  which  might  have  been  drawn  from  the  current 
observations  made  previous  to  the  closing  up  of  East  Harbor.    In  the  depression  of 
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the  flats,  designated  od  Plate  I  as  ''  Former  entrance  to  East  Harbor/'  the  velocity  was 
foond  on  the  ebb-tide  to  be  from  2  to  4  miles  an  hoar,  while  on  the  edge  of  the  flats 
no  enrrent  was  observed,  or  at  least  none  strong  enough  to  hold  sand  in  suspense. 

An  opinion  has  prevailed  that  this  growing  of  the  Beach  Point  flats  might  be  due  to 
the  sand  carried  by  wind  and  tide  mm  Billingsgate  Shoal  (11  miles  to  the  Sonth) 
along  the  Truro  shore  till  it  was  arrested  in  the  harbor;  but  a  series  of  simultaneous 
current  observations  made  in  June,  1872,  at  the  stations  marked  C,  Ci,  Cn,  D,  Di,  Dn, 
£,  £  I ,  £ii,  on  Plan  I,  demonstrate  that  there  is  no  tidal  current  parallel  to  the  shore 
btroug  enough  to  move  sand. 

CURBXNT  OBSERVATIONS  SUBSEQUENT  TO  CLOSINQ  OF  EAST  HARBOR. 

Both  surface-currents  and  subcurrents  at  various  depths  were  observed  at  all  stages 
of  the  tides ;  but  none  of  the  velocities  exceeded  two-tenths  of  a  mile  per  hoar.  The 
direction  of  this  hardly  appreciable  movement  was  perpendicular  to  the  shore ;  during 
the  flood-tide  the  movement  being  toward  the  shore,  and  during  the  ebb-tide  ofif  shore. 

Whatever  material  is  carried  along  shore  from  Billingsgate  Shoal  in  southwest  gales 
is  beaten  above  the  low  and  high  water  lines  by  the  waves,  having  the  efiect  to  close 
the  mouth  of  Pamet  Harbor  and  fill  the  spaces  between  the  ietties  on  Beach  Point ; 
but  this  effect  does  not  extend  below  low- water  plane.  Indeed  no  perceptible  change 
occurred  in  the  low- water  line  of  the  flats  between  the  surveys  of  1835  and  1873. 

That  the  shoaling  of  the  flats  has  ceased  with  the  closing  up  of  East  Harbor  seems 
furthermore  to  be  proved  by  comparing  the  survey  of  1873  with  the  State  commis- 
sioners' map  of  1867,  from  which  the  later  survey  does  not  differ  materially,  although 
the  interval  is  somewhat  short  to  give  conclusive  evidence  of  the  cessation  of  shoaling. 

MASSACHUSETTS  STATE  DIKE. 

The  State  dike,  which  was  built  by  the  State  of  Massachusetts,  was  commenced  in 
May,  1868,  and  completed  in  June,  1869.  The  construction  of  this  dike  presented  more 
difficulties  than  either  of  the  other  dikes  built.  The  area  of  East  Harbor  covered  in 
an  extreme  tide  was  about  900  acres ;  this  large  body  of  water  flowed  in  and  out  through 
the  channel,  to  be  closed  up  in  a  little  over  twelve  hours,  with  a  velocity  large  enough 
to  cut  out  the  bottom,  pure  sand.  The  width  of  the  channel  was  at  extreme  high 
water  1,224  feet,  and  at  ordinary  low  water  930  feet.  In  narrowing  up  this  channel, 
and  consequentlv  increasing  the  scouring  force  of  the  current,  the  bottom  had  to  be 
thus  protected  tliat  the  tide  could  ebb  and  flow  without  scouring  up  to  its  final  closing. 
It  was  first  narrowed  to  a  width  of  600  feet  by  embankments  built  from  either  shore ; 
the  bottom  of  this  new  channel  was  protected  from  scour  by  a  timber  apron  25  feet 
wide,  the  flooring  being  1  foot  above  ordinary  low  water ;  either  side  of  this  apron  the 
bottom  was  riprapped  for  a  width  of  12  feet;  foar  rows  of  piles  supported  the  apron, 
which  along  its  edges  had  sheet-pilings  to  prevent  the  water  from  passing  under  it. 
It  was  planked  by  abutments  and  wings  of  sheet-piling  to  protect  the  embankments 
from  wash.  A  single  row  of  sheet-piling  connected  the  abntment-walls  with  the  shore 
and  formed  the  supporting  frame  for  the  shore-embankment.  The  600  feet  wide  artifi- 
cial channel  was  finally  closed  up  by  a  timber  dam,  formed  of  5-inch  thick  plank, 
laid  horizontally  and  tongued  and  grooved.  This  timber  wall  was  supported  by 
bracing-frames,  10  feet  apart,  fastened  to  the  apron.  The  height  of  this  wall  is  9  feet, 
carrying  its  top  2^  feet  above  .ordinary  high  water  or  above  the  reach  of  spring-tides. 
The  construction  will  be  understood  "from  Plate  II,  Fig.  1%  Fig.  1>>,  and  Fig.  1^,  which 
give  a  cross-section  through  the  artificial  channel,  a  longitudinal  view  of  the  dike,  and 
a  plan  of  the  junction  of  the  apron  with  the  shore. 

The  sheet-pilings  were  driven  from  a  staging,  the  construction  of  which  is  shown  in 
Fig.  1*  in  dotted  lines.  It  carried  a  series  of  railway-tracks  for  hauling  of  the  sand- 
fining  of  the  embankment.  In  the  progress  of  driving  the  sheet-pilings,  previous  to 
putting  in  the  rubble-stone,  which  would  have  interfered  with  the  driving  of  the 
piles,  sand-bags  were  used  to  protect  the  bottom  from  scour.  Their  weight  was  from 
75  to  100  pounds,  and  about  13,000  were  used;  they|provedito  bo  economical  and  effect- 
ive. 

The  embankment  was  formed  with  sand  from  the  neighboring  hills,  and  about 
150,000  cubic  yards  was  used  in  its  construction.  It  is  50  £et  wide  on  its  top,  which 
is  6^  feet  above  mean  hi^h  water.  The  side  towards  East  Harbor  has  a  slope  of  1  ver- 
tical to  3  horizontal,  while  the  slope  towards  the  harbor  is  1  vertical  to  8  horizontal. 
It  is  covered  with  beach-grass  and  its  outer  slope  protected  with  brush  bnlk-head 
and  jetties,  as  formerly  described,  (Beach  Point.)  The  Cape  Cod  Railroad  track  is  laid 
over  this  dike. 


!  LONG  POINT. 

I 


Two  batteries  had  been  built  on  Long  Point,  one  a  **  three-gun  battery"  at  the  ex- 
tremity of  the  point,  and  the  other  a  "  five-gnu  battery,''  l.hOO  feet  southwest  of  the 
former.  The  beach  between  these  two  batteries  was  overflowed  at  extreme  high- 
water,  and  in  order  to  protect  it  and  increase  its  height  2,H00  running  feet  of  plank 
bulk-heads  and  Jetties  were  built  in  1866  and  1867.  Their  location  and  the  details  of 
their  construction  is  shown  on  Plate  HI  and  Plate  II,  Fig.  5.    Further  strengthening 
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of  the  extreme  end  of  the  beach  has  been  effected  by  a  stone  bulk-head  bailt  of  rough 
Btone,  in  front  of  the  light-house  and  the  three-gun  battery,  and  extending  theuce 
along  the  beach  for  a  length  of  1,000  feet.  These  works  have  been  effective,  and  the 
beach  has  thereby  been  so  raised  that  it  is  now  entirely  above  the  highest  storm-tide, 
and  is  generally  covered  with  beach-grass. 

COMPARISON  OF  LONG  POINT,  1835  AND  1873. 

Plate  III  exhibits  a  comparison  between  the  condition  of  Long  Point  in  1873  and 
1835,  from  detailed  surveys  made   at  these  periods.     The   map  shows  a   marked 
growth  of  the  point,  especially  on  the  northerly  side  toward  the  harbor.    To  the  north 
of  Long  Point  light  the  shore,  which  here  is  very  bold,  (falling  off  into  73  feet  of  water 
with  a  slope  of  1  vertical  in  3  horizontal,  and  in  places  even  steeper,)  has  advan^  "" 
300  feet  in  a  northerly  direction.    One-fourth  of  a  mile  inside  the  point  a  similar 
crease  has  occurred,  throwing  the  contours  200  feet  toward  the  deep  water  of  the  ] 
bor.    In  the  former  locality,  where  the  survey  of  1835  shows  75  feet  soundings,! 
present  low- water  line  runs,  showing  a  shoaling  of  75  feet.    In  the  latter  it  is  na) 
lees  marked,  the  soundings  oif  39  feet  being  replaced  with  4-feet  soundings. 

GROWING  OF  LONG  POINT  AND  HOUSS  POINT  ISLAND  FLATS. 

A  growth  has  also  been  observed  in  the  House  Point  Island  flats  between  Long  P 
and  Stevens's  Point,  the  survey  showing  that  the  steep  edge  of  the  flats  has  advai 
100  feet  toward  the  narbor  since  1835. 

These  encroachments  upon  the  best  part  of  the  harbor  were  ascribed  to  the 
carried  from  the  outside  through  Lancey's  Harbor  and  the  run  between  Abel  Hill 
the  opposite  beach  over  House  Point  Island  flats  into  the  deep  water  of  Province 
Harbor,  the  process  being  similar  to  that  which  would  doubtless  have  taken  pi 
the  Truro  shore  of  the  harbor,  had  the  breach  at  Cove  Section  occurred  previous 
isolation  of  Salt  Meadows  and  East  Harbor  basins  from  the  main  harbor  of  Provii 
town. 

UNITED  STATES  DIKE  AT  ABEL  HILL. 

To  stop  this  movement  of  sand,  the  United  States  dike  at  Abel  Hill  was  built  ia| 
fall  of  1871  and  the  beginning  of  1872. 

The  construction  of  the  dike  is  illustrated  in  Pig.  3^  and  Fig.  3^,  on  Plate  II,  w1 
give  a  cross-section  and  a  longitudinal  view  of  the  dike.    The  main  body  of  sand  <^ 
stituting  the  embankment  is  inclosed  between  two  sheet-pilings,  4  inches  in  thick^ 
and  12  feet  apart;  these  revetments  are  supported  by  pile-fi^mes,  8  feet  from  cent< 
cent<er,  each  frame  consisting  of  3  piles  driven  7^  feet  from  center  to  center ;  the 
outer  rows  are  held  together  by  two  stringers,  (4^  by  9  inches,)  running  loogitndin( 
through  the  whole  dike ;  these  stringers  served  as  guides  for  the  sheet-piling.    £i 
and  3  piles  are  held  together  crosswise  by  a  9-inoh  cap-piece,  and  croes-braoed  by 
planks  bolted  to  the  cap-piece  and  spiked  to  the  middle  pile,  resting  upon  ashoulj 
and  spiked  to  the  sheet-piling,  where  the  lower  strin^r  is.    The  base  of  the  fri 
work  IS  protected  by  a  stone  apron.    The  embankment  is  17  feet  wide  on  its  top,  wl 
is  7  feet  above  ordinary  high  water,  or  4  feet  above  the  highest  tides ;  the  sides 
sloped  at  an  angle  of  45  degrees,  and  these,  as  well  as  the  top,  sodded  over.    After] 
completion,  the  foot  of  the  dike  was  further  protected  on  the  northwest  side,  or 
ward  Lancey's  Harbor,  with  brush,  held  down  by  stakes  to  catch  the  sand ;  and  on 
southeast  side  or  toward  House  Point  Island  flats  with  marsh  sods  imbedded  in 
flats.    The  dike  has  successfully  closed  the  channel,  and  cut  off  the  principal  suppl; 
material  encroaching  upon  the  harbor  from  the  west  side;  and  the  growing  of* 
House  Point  Island  flats,  and  of  Long  Point,  has  thereby  been  checked.    If,  howe'< 
Jjong  Point  should  continue  to  grow,  and,  as  supposed  by  some,  ultimately  exti 
across  the  harbor,  and  make  a  lagoon  of  Provincetown  Harbor,  it  will  require  an  ad< 
tion  to  the  point  of  at  least  32,000,000  cubic  yards  of  sand  before  it  meets  the  opposl 
30-foot  curve  ;  which,  .estimated  at  the  rate  of  increase  during  the  last  40  years,  woi 
require  1,720  years. 

HOUSE-POINT  ISLAND  FLATS. 

A  source  of  shoaling  in  the  westerly  part  of  the  harbor  still  remains  in  the  sann 
which  is  blown  from  the  neighboring  hills  upon  House- Point  Island  Flats,  and  theucjl 
carried  by  the  ebb-tide  toward  deep  water;  the  area  of  the  flats  covered  and  uticovt) 
ered  at  every  tide  is  800  acres,  of  which  only  150  acres,  or  hardly  one-iifth,  is  covered 
with  salt  marsh.  No  doubt  an  extension  of  the  salt  marsh,  if  practicable,  would  csiiii 
the  drifting  sand  to  be  retained  by  the  grass,  and  eventually  raise  the  flats  above  thij 
reach  of  the  tide. 

TRANSPLANTING  MARSH. 

Experiments  have  been  made  in  transplanting  this  marsh.    Sods  6  inches  sqnar< 
were  cut  from  the  marsh  near  Abel  Hill  and  Stevens  s  Point,  and  imbedded  in  the  ssiin 
in  rows  2  feet  apart,  the  sods  being  2  feet  apart  in  each  row.    A  belt  from  Steven s^s] 
Point  to  House-Point  Island,  thence  to  Lobster  Point,  has  thus  been  covered;   ali»o 
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lines  extending  across  the  flats  abreast  of  Gall  Hill  and  southeast  of  Abel  Hill  dike. 
If  n  thoasand  sods  have  been  transplanted,  and  in  most  cases  promise  good  results. 
The  trialB  have  as  yet  been  too  limited  to  form  a  definite  idea  about  their  saccess. 

ANNUAL  RKSURVBY8  AT  COVK  SECTION. 

r 

Since  1871  an  annual  resurrey  has  been  made  of  the  high-water  line  of  the  outer 
beach  for  a  distance  of  one-half  mile  either  side  of  Cove  Section,  as  well  as  leveling 
I  across  the  beach,  determining  the  profiles  of  this  section  and  of  another  east  of  this, 
railed  "  Oblique  Section/'  a  slue-way  through  the  sand-hills.  The  information  obtained 
in  embodied  in  Plate  lY,  which  exhibits  a  map  of  apart  of  the  Salt  Meadow,  with  the 
outer  beach,  (Fig.  1,)  a  profile  on  the  line  of  the  bulk-head,  built  in  1874  and  1875. 
p  showing  elevation  of  the  crest  between  the  hills  either  side  of  Cove  Section  (Fig.  2)  and 
the  cross-section  of  the  beach  at  Cove  Section,  (Fig.  3.)  The  various  stages  of  the 
beach  are  obtained  from  the  following  sonrces  of  information,  viz : 

1S&,  Major  Graham's  map. 

Ir44  and  1857,  United  States  Coast  Survey  maps. 

1;^67,  Massachusetts  State  Commission's  map. 

l"^71-'72-'73-'74  and  ^75,  United  States  Engineers'  annual  resurveys. 

The  facts  proved  by  these  surveys  are  : 

1.  That  the  beach  has  been  wearing  away  on  the  outside,  and  the  high-water  line 
has  receded  at  an  average  rate  over  the  examined  mile  of  coast  of  300  feet  in  the  last 
fuity  years. 

2.  That  the  abrasion  outside  Cove  Section  since  1871  has  been  greater  than  at  any 
other  point  examined,  culminating,  in  1874,  in  the  breach  at  this  place.  In  the  line  of 
mean  ocean-level  the  beach  has  receded  at  Cove  Section  300  feet  from  1835  to  1871, 
from  1871  to  1874,  200  feet,  in  addition,  making  a  total  encroachment  upon  this  point 
of  ')00  feet  when  the  breach  occurred.  Since  the  building  of  the  bulk-head  and  jetties 
in  1874  and  1875,  sand  retained  in  front  of  and  between^the  jetties  has  increased  the 
thickness  of  the  beach,  within  a  year,  100  feet. 

3.  That  the  sand-hills  have  receded,  the  sand  from  the  outside  of  the  dunes  blowing 
over  the  crest  and  gathering  on  the  inner  side  of  the  hills.  The  map  shows  that  the 
present  ontside  high- water  line  intersects  the  high-water  line  of  the  '' Meadow  Cove" 
cif  1*^35,  leaving  a  part  of  the  Salt  Meadow  washed  by  the  ocean.  This  fact  is  further 
proved  by  the  long  black  line  of  marsh -sods  now  visible  in  the  ontside  shore-line. 

4.  Simnltaueous  with  the  receding  of  the  crest,  a  constant  lowering  of  it  has  taken 
place,  and  in  no  case  previous  to  the  breach  has  thexe  been  any  increase  in  height  of 
the  crest  over  that  of  the  previous  year.  Since  1867  the  height  of  the  crest  has  de- 
creased from  Bef.  26.2  feet  above  mean  low-water  to  Ref.  12  feet  in  1874,  when  the  sea 
broke  over  it.  The  crest  is  now  in  Bef.  18.4  feet  above  mean  low- water  level,  owing 
to  the  body  of  sand  retained  in  front  of  the  jetties. 

BULK-IUSADS  AND  JETTIES  AT  COVE  SECTION. 

The  map  shows  the  location  of  the  bulk-head,  607  feet  in  length,  and|the  six  jetties 
aggiragAting  126  feet  in  length.  These  works  were  built  in  1874  and  1875,  and  their  con- 
biruction  is  the  same  as  the  Beach  Point  works,  viz,  a  frame-work  of  wood  filled  with 
brush  and  ballasted  with  stone.  Previously  (in  1873)  a  bulk-head  205  feet  in  length, 
with  wings  of  brush  and  stakes,  was  built.  It  was  12^  feet  in  front  of  the  present  and 
40  feet  in  rear  of  the  crest  at  that  time ;  but  the  extraordinary  gales  of  November, 
1S73,  and  January,  1874,  undermined  it  and  necessitated  the  building  of  the  present 
one,  of  which  the  stability  and  efficiency  have  been  already  tested  by  violent  storms, 
and  which  have  increased  its  strengtii. 

PLANTING  OF  BEACH-ORASS. 

In  connection  with  the  repair  of  the  beaches  by  bulk-heads  and  jetties,  beach-grass 
has  been  planted  for  retaining  and  accumulating  the  drifting  sand.  To  the  successful 
growth  of  this  plant  the  permanency  of  the  improvements  of  the  beaches  is  due  in  a  g^reat 
measure.  Its  far-spreading  roots  check  the  movement  of  the  sand  and  give  perma- 
nency to  the  snrfru^e  of  the  beach,  while  the  tops  arrest  the  sand  drifted  by  the  wind. 
This  new  accumulation  does  not  check  the  growth  of  the  grass;  on  the  contrary,  the 
beach-grass  keeps  pace  with  it,  and  sends  its  shoots  above  the  new  layers,  thus  steadily 
increasing  the  sand  in  height.  The  results  thus  far  obtained  show  the  planting  of 
beach-grass  to  be  the  most  economical  and  effective  means  of  preserving  and  strength- 
ening Uie  beaches,  in  completion  of  that  accomplished  by  the  works  above  described. 
A  watchful  and  judicious  planting  of  beach-grass  where  needed  will,  it  is  believed,  in- 
sure the  permanency  of  the  good  resnlts  obtained. 
Very  respectfully,  your  obedient  servant, 

SoPHUS  Haagensen, 

Assistant  Engineer. 
Bvt.  Brig.  Gen.  Geo.  Thoh, 

Lieutenant'Colonel  of  Engineers^  U.  S,  A. 
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A  l6. 

SURVEY  OF  BELFAST  BAY  AND  HARBOR,  MAINE. 

United  States  Engineer  Office, 

Portland,  Me.,  December  9,  1875. 

General  :  I  have  the  honor  to  sabmit  the  following  report  on  the 
survey  of  Belfast  Bay  and  Harbor,  Maine.  This  survey  was  called  for 
by  act  of  Congress,  approved  March  3, 1875,  '<  making  appropriation  for 
the  repair,  preservation,  and  completion  of  certain  public  works  on  riv- 
ers and  harbors,  and  for  other  purposes,^  and  was  completed  under  my 
instructions  in  August  last  by  my  assistant  engineer,  Mr.  A.  C.  Both. 
His  report  and  map  of  the  same,  prepared  under  my  supervision,  are 
also  herewith  submitted. 

As  the  object  of  this  survey  was  not  indicated  by  the  law  providing 
for  it,  and  in  the  absence  of  definite  information  in  regard  to  the  improve- 
ments most  needed  and  desired  for  this  harbor,  I  had  a  careful  hydro- 
graphic  survey  made  of  the  whole  harbor,  from  Steel's  Ledge  up  to  the 
bridge,  covering  an  area  of  about  two  square  miles.  This  survey  in- 
cludes not  only  the  harbor  itself,  but  also  so  much  of  the  l^y  as  is  neces- 
sary for  devising  a  work  or  works  for  the  protection  of  the  harbor.  By 
this  survey  the  following  facts  were  developed : 

1.  That  the  harbor  itself  is  well  protected  from  all  winds  except  those 
from  the  southeast;  and  that  to  render  it  safe  from  these  also,  would 
require  the|construction  of  a  breakwater  or  breakwaters  between  McGil- 
very's  ship-yard  and  Patterson's  Point,  a  distance  of  about  half  a  mile. 

2.  That  there  is  a  shoal  on  the  west  side  of  the  harbor,  which  extends 
from  McGilvery's  ship-yard  up  to  the  ledge  in  front  of  Lane's  wharf,  a 
distance  of  about  five-eighths  of  a  mile.  This  shoal  lies  in  front  of  the 
Boston,  Portland  and  Bangor  steamboat- wharves,  and  in  places  has  but 
6  feet  of  water  over  it  at  mean  low- water,  thereby  being  a  serious  obstruc- 
tion to  that  part  of  the  harbor. 

3.  That  there  is  an  extensive  sunken  ledge  which  projects  160  feet 
into  the  harbor  in  front  of  Lane's  wharf,  having  over  its  shoalest  part 
but  3.4  feet  of  water  at  mean  low-water,  or  13.1  feet  at  ordinary  high- 
water,  the  mean  rise  and  fall  of  the  tides  being  9.7  feet.  This  ledge  is 
about  one-third  of  a  mile  below  the  bridge  at  the  head  of  the  harbor, 
and,  projecting  into  the  harbor,  as  it  does,  it  necessarily  endangers  ves- 
sels lying  or  mooring  near  it. 

The  locations  of  the  proposed  breakwater  and  of  the  shoal  and  ledge 
above  referred  to  are  shown  on  the  accompanying  drawing,  the  area  of 
the  shoal  being  shaded  in  red,  and  that  of  the  ledge  in  brown. 

To  so  improve  this  harbor  as  to  afford  a  safe  anchorage  for  shipping 
in  all  storms  and  so  that  it  shall  have  a  suitable  depth  for  the  steamers 
and  vessels  that  touch  and  lie  there,  in  all  stages  of  the  tide,  would  re- 
quire the  following  work  to  be  done,  viz : 

a.  The  constniction  of  a  riprap  stone  breakwater  or '  breakwaters 
between  McGilvery's  ship-yard  and  Patterson's  Point.  Thi  plan  now 
proposed  for  this  work  consists  in  building  one  breakwater  out  from 
McGilvery's  wharf  in  a  direction  nearly  northeast,  for  a  length  of  1,500 
feet;  and  a  second  one  out  from  Patterson's  Point  (on  the  easterly  side 
of  the  harbor)  in  a  direction  nearly  south-southwest  for  a  distance  of 
900  feet,  thereby  leaving  an  entrance  800  feet  in  width.  By  this  ar- 
rangement the  effect  of  the  southeast  gales  would  be  very  limited  iu 
force  and  extent,  and  would  be  felt  on  the  easterly  side  only  of  the  har- 
bor, which  is  not  used  for  anchorage-ground.    This  work  would  require 
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abont  200,000  tons  of  stone,  the  estimated  cost  of  which  (inclading 
engineering  and  other  incidental  expenses)  is  $310,000. 

b.  The  excavation,  bj'  dredging,  of  the  shoal  between  McGilvery's 
ship-yard  and  the  ledge,  to  a  depth  of  12  feet  at  mean  low  water,  which 
would  require  about  115,000  cubic  yards  of  dredging,  the  estimated 
cost  of  which  (including  contingencies)  is  $25,000. 

0.  The  removal  of  the  sunken  ledge  in  front  of  Lane's  wharf  outside 
of  the  proposed  line,  as  shown  on  the  accompanying  drawing,  to  a  depth 
of  7  feet,  at  mean  low-water,  which  would  require  the  removal  of  about 
420  cubic  yards  of  ledge,  at  an  estimated  cost  (including  contingencies) 
of,  say,  $12,000.  To  excavate  this  ledge  to  a  greater  depth,  and  over  a 
more  extended  area,  would  involve  a  greater  expense  than  would  be 
justified  by  the  benefits  gained. 

In  consideration,  also,  of  the  great  cost  of  the  breakwaters  on  the 
plan  proposed,  it  might  be  deemed  advisable  to  build  only  the  one  ex- 
tending out  from  the  westerly  shore,  the  estimated  cost  of  which  (in- 
cluding engineering  and  other  incidental  expenses)  is  $195,000,  but  this 
would  give  only  a  partial  protection  to  the  harbor ;  much  better,  how- 
ever, than  none. 

The  extent  to  which  the  commerce  of  the  country  would  be  promoted 
by  the  improvement  of  this  harbor  as  now  proposed,  is  stated  in  the 
accompanying  letter  from  the  United  States  deputy  collector  of  customs 
of  that  port. 

RSCAPrrULATION  OF  ESTIMATES. 

For  breakwater  between  McGilvery's  ship-yard  and  Patterson's  Point.-  -  $310, 000  06 

For  removal  of  sboal  above  ship-yard 25,900  00 

For  removal  of  sunken  ledge  to  a  depth  of  7  feet  below  mean  low-water, 
say 12,000  00 

Total 347,000  00 

Further  details  and  information  in  regard  to  the  survey  and  improve- 
ment of  this  harbor,  including  estimates  of  cost  of  same,  will  be  found 
in  the  accompanying  report  of  my  assistant  engineer. 
Eespectfully  submitted. 

Geo.  Thom, 
Lieut  Col.  o/EngineerSj  Bvt  Brig,  Oen.^  U.  S.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  BngineerSj  IT.  8,  A. 


report  of  mr.  a.  c.  both,  assistant  engineer. 

United  States  Engineer  Office, 

Portland f  Me,,  December  8, 1875. 

General  :  I  bave  tbe  bonor  to  berewitb  submit  a  plan  of  tbe  survey  of  Belfast  Bay 
and  Harbor,  Maine,  made  in  pnrsnance  of  your  order  dated  June  15, 1875 ;  the  proposed 
improvements  of  which  are  also  shown  on  this  plan. 

The  survey  was  begun  on  June  28,  continued  to  July  24,  resumed  August  18,  and 
completed  August  19.  The  survey  was  commenced  by  measuriug  a  base-line  of  3,766 
feet  in  length  along  the  west  side  of  the  Northport  road.  This  road  runs  in  a  south- 
erly direction,  is  nearly  level,  and  parallel  to  the  shore,  and  therefore  offered  great 
facilities  for  obtaining  a  long  and  accurate  base-line.  From  here  the  only  visible  points, 
the  monument  and  Patterson's  Point,  were  triangulated  to  serve  as  a  permanent  base- 
line for  the  survey.  The  calculated  distance  between  the  monument  and  Patterson's 
Point  was  found  to  be  4,555.68  feet ;  a  drill-hole,  half  au  inch  in  diameter  and  one  inch 
deep,  cut  in  the  coping-stone  at  the  northwest  corner  of  the  monument,  indicates  tiie 
Bontbeast  bane  of  this  line.  The  northwest  b^ise  is  located  near  the  high-water  line  at 
Patterson'^  Point,  and  is  iudicutud  also  by  a  drill-hole,  one  inch  deep  uud  half  au  inch 
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diameter,  cnt  into  the  solid  ledge  and  marked  ''XII."  The  triangalation  of  the  prin- 
ciual  points  shown  on  this  plan  was  then  started  from  this  base-line.  The  shore-Line, 
wnarves,  &o.,  were  surveyed  by  nsin^  the  telemeter.  All  these  telemeter-stations  were 
conspicuonsly  marked  with  white  paint,  with  a  view  to  using  them  afterward  as  de- 
partures for  the  numerous  ranges  on  which  soundings  were  taken.  All  the  sound- 
ings were  intersected  and  located  by  transit  angles.  The  sonndinfl;s  are  expressed  in 
feet  and  tenths  of  feet,  and  refer  to  mean  low-water,  the  plane  of  reference  adopted 
for  this  survey,  which  is  the  same  as  that  determined  and  adopted  by  the  United 
States  Coast  Survey.  The  bench  for  this  plane  was  transferred  from  the  United 
States  Coast  Survey  bench  to  the  stone  foundation  wall  of  W.  Pitcher  &,  Sons'  store- 
house at  the  head  of  Simpson's  wharf.  It  is  marked  by  a  horizontal  notch  and  drill- 
hole, half  an  inch  diameter  and  one  inch  deep,  cut  in  a  stone  of  the  northeast  wall  of 
said  building,  about  3  feet  above  the  ground  and  \\  feet  south  of  the  door  at  the  north- 
erly corner.  It  is  marked  B.  M.  19.67,  and  its  elevation  above  mean  low-water  is  19.67 
feet.  Rise  of  mean  high-water  above  the  plane  of  reference  is  9.7  feet.  The  extreme 
northwesterly  part  of  Belfast  Bay  where  the  Passagassawakeag  River  empties  into  it, 
forms  the  harbor  of  Belfast.  The  area  of  this  harbor  is  limited  northwardly  by  the 
bridge  across  the  Passagassawakeag  River,  southerly  by  the  proposed  breakwater, 
easterly  and  westerly  by  the  high-water  lines,  and  contains  about  250  acres.  About 
150  acres  of  this  area  is  available  for  the  anchorage  of  vessels  of  from  6  to  15  feet 
draught  at  low-water.  The  harbor  is  exposed  to  the  southeasterly  winds,  ranging 
from  south-southeast  to  east-by-sou tb,  true  bearing,  but  well  protected  from  all  others. 
A  channel,  of  a  width  of  250  feet  and  13  feet  depth  at  mean  low- water,  runs  up  in  the 
middle  of  the  harbor  as  far  as  Simpson's  wharf,  from  which  it  turns  gradually  toward 
the  westerly  shore,  increasing  also  m  depth  up  to  Frederick's  wharf,  where  there  is  24 
feet  at  mean  low-water ;  from  here  it  runs  parallel  to  the  shore  up  to  the  head  of  the 
harbor — ^the  draw-bridge.  The  approach  to  the  wharves  in  the  upper  part  of  the  har- 
bor is  thus  unobstructed.  The  lower  wharves,  viz,  Sanford's  and  Simpson's  wharves, 
the  landings  of  the  Boston  and  Bangor,  and  the  Portland  and  Bangor  steamers,  are 
obstructed  by  large  flats,  which  project  from  300  to  400  feet  beyond  these  wharves. 
It  is  proposed  to  excavate  these  flats  to  a  depth  of  12  feet  at  mean  low-water,  and 
thereoy  facilitate  the  movements  of  these  steamers,  which  arrive  here  daily  and  do 
the  largest  part  of  the  business  of  the  place.  In  the  present  condition  of  the  harbor 
these  steamers  are  frequently  detained  several  hours  at  low- water  in  reaching  or  leav- 
ing the  wharves.  The  excavation  of  these  flats  should  commence  at  the  westerly  side 
and  lower  portion  of  the  harbor,  and  be  carried  up  about  200  feet  above  Simpson's 
wharf,  a  distance  of  about  2,700  feet.  At  this  point  a  ledge  crops  out  from  the  shore 
and  extends  up  as  far  as  D.  Lane's  wharf,  a  distance  of  about  250  feet.  It  projects 
about  160  feet  outside  of  the  above-mentioned  wharf,  and  has  3.4  feet  of  water  on  its 
shoalest  point  at  mean  low- water.  This  ledge  was  generally  supposed  to  be  of  small 
extent,  but  a  careful  survey  of  the  same  developed  the  fact  that  it  covers  a  large  area, 
and  that  it  would  require  for  its  removal — 

Cnbio  yards. 

To  a  depth  of  12  feet  at  mean  low-water 4,675 

To  a  depth  of  9  feet  at  mean  low-water 1,575 

To  a  depth  of  8  feet  at  mean  low-water 860 

To  a  depth  of  7  feet  at  mean  low-water 420 

The  great  cost  involved  by  the  removal  of  this  ledge  to  a  greater  depth  than  7  feet 
at  mean  low-water  does  not  seem  to  be  i)roportionate  to  the  benefit  to  be  derived  there- 
from. 

It  is  therefore  proposed  to  remove  this  ledge  to  a  depth  of  7  feet  at  mean  low-water, 
to  the  proposed  line,  limiting  the  improvements  as  shown  on  the  accompanying  plan. 
The  maneuvering  or  vessels  in  that  vicinity  would  thereby  be  greatly  facilitated,  and 
it  would  to  some  extent  benefit  the  lower  portion  of  the  harl>or,  by  allowing  the  cur- 
rent at  ebb-tides  to  scour  this  area,  preventing  reshoaling.  In  the  present  condition  of 
the  harbor,  exposed  as  it  is  to  sontheasterl^  blows,  vessels  have  to  leave  their  moorings 
at  the  wharves  and  anchor  in  the  upper  part  of  the  harbor,  whenever  the  wind  blows 
fresh  from  the  southeast.  The  accommodations,  however,  are  limited,  and  only  a  small 
number  of  vessels  can  find  shelter  there.  To  make  the  lower,  and  by  far  larger  portion 
of  the  harbor  available  for  safe  anchorage  during  southeast  winds,  it  would  be  neces- 
sary to  build  breakwaters,  as  shown  on  the  accompanying  plan.  These  breakwaters 
are  described  as  follows :  Starting  from  a  point  of^  ledge  on  the  Belfast  shore,  55  feet 
north  of  McQilvery's  wharf,  it  runs  in  a  direction  north  42^^  east,  or  nearly  northeast, 
true  bearing.  Its  top,  10  feet  wide,  is,  in  reference,  14  feet  above  mean  low-water.  It 
is  proposed  to  build  this  breakwater  of  riprap,  with  an  outward  slope  of  2  feet  hori- 
zontal to  1  foot  vertical,  and  an  inward  slope  (toward  the  harbor)  of  1  foot  horizontal 
to  1  foot  vertical.  The  length  on  top  will  be  1,500  feet.  The  breakwater  proposed  ftom 
Patterson's  Point  (A  Station  XII)  runs  in  a  direction  south  18^^  west,  or  nearly  south- 
southwest,  true  bearing.   Its  cross-section  will  be  the  same  as  above  described,  and  will 
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be  900  feet  long  on  top.  In  the  estimates  allowance  has  been  made  'for  a  settlement 
of  the  breakwaters  of  5  feet  into  the  soft  bottom.  The  width  of  the  entrance  will  be 
800  feet.  The  line  through  the  two  heads  has  a  direction  soath  72f°  east,  north  72f ^ 
west,  or  nearly  east-by-soath  half-sonth,  true  bearing.  There  is,  consequently,  but  a 
small  exposure  to  the  most  dangerous  winds  southeast.  The  width  of  the  southeast 
wave  which  can  enter  between  the  two  heads  is  only  155  feet  at  high- water,  and  less 
at  low- water,  and  it  rolls  into  the  harbor  in  such  a  direction  as  not  to  endanger  the 
safety  of  vessels,  the  easterly  and  lower  portion  of  the  harbor  not  being  often  used  as 
anchorage-ground,  on  account  of  the  hard  bottom. 

ESTIMATED  COST  OF  IMPROVING  THE  HABBOR  OP  BELFAST,  ME. 

I. — Dredging. 

The  excavation  of  large  flats,  extending  from  McGilvery's  ship-yard  to  Swan 
&.  Co.'s  wharf,  as  shown  by  the  red-shaded  area  on  the  accompanying 
plan,  to  a  depth  of  12  feet  at  mean  low- water,  will  require  the  removal  of 
115,000  cubic  yards  of  soft  mud,  as  measured  in  the  scows,  at  20  cents  per 
cubic  yard $23,000 

Add  for  contingencies,  say 2,000 

Total 25,000 

II. — Rock-excavation. 

The  improvement  of  the  point  of  ledge  off  Lane's  wharf,  outside  of  the  line 
limiting  the  improvements,  as  shown  on  the  plan,  (shaded  in  brown,)  to  a 
depth  of  7  feet  at  mean  low- water,  will  require  the  removal  of  420  cubic 
yards,  at  $25  per  cubic  yard $10,  .500 

Add  for  contingencies,  say 1,500 

Total 12,000 

IIL — JBreakicaiers. 

a.  Breakwater  from  .Belfast  shore : 

126,515  tons  riprap,  at  $1.40  per  ton $177,121 

Add  for  contingencies,  say 17,879 

Total 195,000 

&.  Breakwater  from  Patterson's  Point : 

74.865  tons  riprap,  at  $1.40  per  ton $104,811 

Add  for  contingencies,  say 10,189 

Total - 115,000 

RECAPITULATION. 

1.  For  dredging,  including  contingencies $25,000 

a.  For  rock-excavation,  including  contingencies 12, 000 

3.  Breakwaters,  including  contingencies 310,000 

Total  cost  of  improvement 347,000 

Very  respectfully,  your  obedient  servant, 

A.  C.  Both, 

Assistant  Engineer. 
Bvt.  Brig.  Gen.  Geo.  Thom, 

Lieutenant'Colonel  of  Engineers, 


commercial  statistics. 

Custom-Housk,  Belfast,  Me., 

Collector's  Office^  November  18,  1875. 

Sir:  I  respectfully  acknowledge  the  receipt  of  your  communication  of  date  the  10th 
instant,  in  which  you  inquire — 

lat.  What  amount  of  revenue  was  collected  at  our  port  during  the  fiscal  year  ending 
June  30, 1875 ;  and 

2d.  What  amount  of  commerce  and  navigation  will  be  benefited  by  the  proposed 
improvements  of  our  harbor. 

In  reply  to  the  first  inquiry  I  will  say  that  in  this  collection-district,  and  mostly  at 
this  port,  there  was  collected  in  duty  on  imports,  for  the  year  ending  June  .30,  1875, 

13  E 
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$2)S94.98;  Allow  me  aleo  to  add,  in  this  connection,  that  our  coin  collections  for  the 
laat  fiscal  year  did  not  come  nearly  np  in  amount  to  what  is  usually  collected  in  this 
district  in  the  same  period  of  time.  In  the  year  ending  June  30, 1873,  we  collected  on 
import  duties,  $8,045.86 ;  in  the  year  ending  June  30, 1874, 4M,8^.18 ;  and  we  have  col- 
lected since  Jnne  30, 1875,  $4,130.36. 

For  answer  to  your  second  inquiry,  I  shall  have  to  depend  in  a  measure  upon  our 
men  here  who. are  engaged  in  commerce  and  navigation,  as  our  official  records  do  not 
furnish  the  necessary  data,  and  having  consulted  them  in  the  matter,  it  is  judged  that 
there  have  been  four  hundred  and  fifty  freight-carrying  sail- vessels  entered  our  port  in 
the  past  year,  and,  as  the  same  number  would  leave  here,  and  that  nearly  all,  arriving 
and  leaving,  are  laden  with  cargoes  embracing  in  the  aggregate  the  various  kinds  of 
merchandise,  this  statement  will  give  yon  an  idea  of  the  extent  of  our  commerce.  The 
steamboat  navigation  to  and  from  this  port  consists  of  four  steamers:  two  Boston 
steamers  coming  into  this  place  four  times  each  per  week ;  one  Portland  steamer  touch- 
ing here  six  times  per  week,  and  a  small  steamer  running  daily  from  here  east  as  far  as 
Brooksville.  We  have  belonging  to  this  district  267  sailing-vessels,  87  of  them  hailing 
from  this  port.  There  were  ouilt  in  this  place  in  the  year  ending  June  30, 1875, 11 
vessels,  with  an  aggregate  tonnage  amounting  to  7,407.33  tons. 
Very  respectfully,  your  ob^ient  servant, 

Marshall  Davis, 

Special  Deputy  Collector. 

General  Geo.  Thom, 

United  States  Engineer, 


A   17. 

survey  of  harbor  matinicus  island,  maine. 

United  States  Engineer  Oppioe, 

Portland^  Me,y  December  7, 1875. 

General  :  I  have  the  hoDor  to  sabmit  the  following  report  od  the 
survey  of  the  harbor  at  MatiDicas  Island,  Maine,  with  an  estimate  of  the 
cost  of  the  works  proposed  for  its  improvement,  as  shown  by  the  accom- 
panying drawing.  This  survey,  which  wa«  called  for  by  the  act  of  Con- 
gress approved  March  3, 1876,  ^'making  appropriations  for  the  repair, 
preservation,  and  completion  of  certain  public  works  on  rivers  and  har- 
bors, and  for  other  purposes,"  was  made  in  July  last,  by  my  assistant 
engineer,  Mr.  Sophus  Haagensen,  under  my  instructions ;  and  his  report 
and  drawing  of  same,  also  prepared  under  my  supervision,  are  herewith 
submitted. 

When  this  survey  was  taken  in  hand,  it  was  supposed  that  it  was  to 
be  made  at  Ten-Pound  Harbor,  also  known  as  Matinicus  Roads,  situated 
south  of  Matinicus  Island,  and  between  it  and  Ten-Pound  and  Bagged 
Islands,  as  this  was  the  only  harbor  that  is  specially  shown  and  described 
by  the  existing  reports  and  charts.  But  it  was  ascertained,  on  a  further 
investigation  and  examination  of  the  locality,  that  the  survey  called  for 
doubtless  had  reference  to  the  harbor  about  one  mile  farther  north,  on 
the  east  side  of  Matinicus  Island,  which  is  frequently  resorted  to  by 
coasting,  fishing,  and  other  vessels.  Surveys  were  consequently  made 
of  both  of  those  harbors,  and  estimates  have  been  made  for  their  improve- 
ment by  means  of  breakwaters  built  as  described  in  Mr.  Haagensen's 
report.  On  comparing  the  relative  advantages  of  these  harbors,  together 
with  the  estimated  cost  of  the  works  requisite  to  make  them  effective, 
as  well  as  the  extent  to  which  commerce  and  navigation  would  be  bene- 
fited thereby,  it  is  plainly  to  be  seen  that  any  attempt  to  improve  Ten- 
Pound  Harbor  would  be  impracticable  unless  attended  with  an  expense 
that  would  not  be  warranted  by  the  benefit  that  would  be  derived  from 
it,  while  Matinicus  Harbor,   on  the  east  side  of  the  island,  offers 
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advantages  which  coald  be  made  available  at  a  comparatively  small 
cost,  and  especially  so  for  fishing,  coasting,  and  other  vessels  of  small 
class,  that  woald  there  seek  shelter  in  easterly  storms.  This  harbor  is 
now  well  sheltered  from  northerly,  westerly,  and  southerly  winds,  but 
only  imperfectly  so  from  easterly  winds. 

The  harbor  proper,  as  shown  on  the  accompanying  drawing,  is  par- 
tially sheltered  from  easterly  winds  by  Young's  Point,  Indian  Ledge, 
Dexter  Ledge,  and  Wheaton's  Island,  and  has  an  area  within  the  high- 
water  lines  of  about  ten  acres,  about  half  of  which  has  from  4  to  8  feet 
of  water  at  mean  low-water.  The  entrance  to  this  harbor,  which  is  be- 
tween Dexter  Ledge  and  the  island,  is  not  practicable  with  more  than 
4  feet  at  mean  low-water,  or  13  feet  at  ordinary  high-water,  the  mean 
rise  and  fall  of  the  tide  being  9  feet.  To  give  perfect  shelter  to  this 
harbor  would  require  a  breakwater  extending  from  Young's  Point,  on 
Matinicus  Island,  southwardly  to  Indian  Ledge,  and  thence  westwardly 
over  Dexter  Ledge  to  Matinicus  Island,  leaving  open  its  present  entrance 
between  Dexter  Ledge  and  the  island. 

The  estimated  cost  of  a  suitable  permanent  work,  as  stated  in  the 
accompanying  report,  is  $36,000. 

Should  it,  however,  be  deemed  advisable  to  enlarge  the  capacity  of 
this  harbor,  and  adapt  it  to  vessels  of  all  classes,  it  could  be  effected  by 
building  a  breakwater  from  Wheaton's  Island  northwardly  out  to 
Harbor  Ledge,  (a  distance  of  1,000  feet,)  in  connection  with  one  extending 
from  Young's  Point  to  Indian  Ledge,  which  would  afford  a  well-sheltered 
area  of  about  38  acres,  with  good  anchorage  for  vessels  of  all  sizes ;  but 
the  estimated  cost  of  suitable  works  is  shown  in  the  accompanying 
report  to  be  $300,000.  Such  a  harbor  would  doubtless  be  of  very  great 
value  in  affording  refuge  to  coasting  and  other  vessels  caught  in  east- 
erly gales,  especially  during  severe  winters,  when  the  coast  harbors  are 
nsually  closed  by  ice.  But  for  the  local  commerce  of  Matinicus  Island, 
and  for  the  benefit  that  would  inure  to  such  vessels  as  would  usually 
seek  refuge  in  that  harbor,  it  is  not  deemed  advisable  to  extend  its 
capacity  beyOnd  that  of  the  present  harbor  proper.  In  its  present  im- 
perfectly sheltered  condition  the  value  of  this  harbor  may  be  inferred 
from  the  fact,  as  stated  to  me  by  reliable  authority,  that  the  harbor  is 
now  frequented  by  vessels  and  steamers,  employed  in  the  fishing  busi- 
ness from  ail  parts  of  the  Eastern  States ;  that  during  the  past  season 
thirteen  steamers  entered  the  harboratone  time,  it  being  not  an  uncom- 
mon occurrence  to  see  from  twenty-five  to  fifty  sail  of  fishing- vessels  in 
there  at  a  time.  As  this  harbor  lies  directly  in  the  track  of  the  coast- 
ing-vessels of  Maine  and  New  Brunswick,  it  would,  without  doubt,  be 
Tery  much  frequented  if  it  could  be  rendered  safe  in  the  manner  pro- 
XM)sed. 

Further  details  and  information  in  regard  to  this  harbor,  with  esti- 
mates of  cost  of  the  works  proposed  for  its  improvement,  together  with 
a  description  of  the  survey,  will  be  found  in  the  accompanying  report 
and  map. 

Bespectfully  submitted. 

Geo.  Thom, 
Lieut  Col  of  Engineers^  Bvt  Brig.  Uen.^  U.  S.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  V.  8.  A. 
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report  op  mr.  80phu8  haagknsex,  assistant  engineer. 

United  States  Engineer  Office, 

Portland,  Me.,  December  4, 1875. 

General:  I  have  the  hoDor  to  report  upon  the  survey  of  Matinicns  Harbor,  Maine, 
made  in  pursnance  of  your  instructions  of  July  16. 

Matinicns  Harbor  is  situated  on  the  east  side  of  Matinicns  Island,  about  a  mile  from 
the  northeast  point  of  the  island  ;  it  is  sheltered  from  northerly,  westerly,  and  south- 
erly winds,  but  only  imperfectly  protected  for  easterly  winds  by  Wheaton's  Island, 
Indian  Ledge,  and  the  ridge  of  ledge  connecting  this  with  Yoaug's  Point,  Matinicns 
Island.  The  harbor  proper,  where  the  greater  part  of  the  wharves  and  landings  is 
found,  lies  north  and  west  of  Dexter  and  Indian  Ledges ;  the  area  inclosed  within  these 
and  the  main  island  is  about  700  feet  by  650  feet  within  the  high-water  line,  or  nearly 
10^  acres.  About  half  of  this  area  has  from  4  to  8  feet  of  water  over  it  at  mean  low- 
water  ;  the  entrance  is  not  practicable  with  more  than  4  feet  at  mean  low-water,  t.  e., 
vessels  of  13  feet  draught  may  be  taken  into  the  harbor  on  top  of  an  ordinary  high 
water.  The  entrauce  is  west  of  Dexter  Ledge,  between  this  ledge  and  Matinicus 
Island  ;  the  soundings  seem  to  indicate  a  deeper  entrance  between  Dexter  and  Indian 
Ledges ;  but  an  entrance  is  impracticable  here,  as  this  side  (the  easterly)  of  the  harbor 
is  obstructed  by  peaks  of  ledge  cropping  out  among  the  bowlders  covering  the  bottom. 
It  is  only  the  westerly  side  of  the  harbor  which  is  free  from  these  projecting  x>eaks, 
having  a  smooth  sand  bottom,  where  vessels  may  ground  without  danger  of  being 
"  hogged."  The  easterly  side  of  the  harbor  may  be  utilized  by  building  piers  over  the 
projecting  ledges,  and  this  will  probably  be  done  when  the  gap  between  Indian  Lede^e 
and  Young's  Point  is  closed  up  by  a  suitable  breakwater,  excluding  the  heavy  eaeterly 
eea. 

To  effectually  close  up  this  basin  and  make  it  a  tidal  harbor,  where  vessels  of  13 
feet  draught  may  be  safe  in  an  easterly  gale,  it  would  be  necessary  to  build  the  follow- 
ing structures,  viz :  Breakwater  No.  1,  connecting  Young's  Point  with  Indian  Ledge  ; 
breakwater  No.  2,  from  Indian  Ledge  over  Dexter  Ledge  to  the  easterly  entrance-pier ; 
and  breakwater  No.  3,  from  the  westerly  entrance-pier  to  the  shore,  leaving  an  entrance 
60  feet  wide  between  the  termini  of  breakwaters  Nos.  2  and  3. 

The  following  estimates  have  been  made,  viz : 

Bredkxcater  Jso.  1. — The  site  of  this  breakwater  is  a  ridge  of  ledge  almost  in  its  entire 
length  dry  at  low-water,  while  the  gap  to  be  closed  is  upward  or  400  feet  between  the 
high- water  lines  of  Young's  Point  and  Indian  Ledge.  It  is  proposed  to  build  it  of  riprap, 
faced  on  the  outside  (easterly  side)  with  a  large  grout,  split  so  as  to  be  laid  in  courses 
and  doweled  together.  The  top  would  be  a  coping-course,  480  feet  long,  10  feet  wide, 
•  in  Ref.  15  feet  above  mean  low- water.    It  would  require — 

985  cubic  yards  of  large  grout  laid  and  doweled  together,  at  a  cost  of  $15  per 

cubic  yard - ^14,775 

3,000  tons  of  riprap,  at  $1.25  per  ton i 3, 750 

Contingencies,  say 2,875 

Cost  of  breakwater  No.  1 21,400 

Breakxcater  No,  2  would  be  less  exposed  than  No.  1.  It  is  proposed  to  build  it  entirely 
of  riprap  work,  its  top  10  feet  wide,  in  Ref.  12  feet  above  mean  low-water;  the  outside 
(southerly  side)  having  a  slope  of  2  horizontal  to  1  vertical,  the  side  toward  the  north 
having  a  slope  of  1  to  1.  The  western  terminus  to  be  a  crib-work  pier  20  feet  square 
on  top,  whicn  would  be  in  Ref.  15  feet  above  mean  low-water.  The  length  of  break- 
water No.  2,  including  the  terminal  pier,  would  be  420  feet  on  its  top.  It  is  estimated 
that  its  construction  would  require  an  amount  of — 

6,020  tons  of  riprap,  at  81.25  per  ton $7,525 

The  terminal  pier, (easterly) 875 

Contingencies,  say 1,2()0 

Cost  of  breakwater  No.  2 9,660 

Breakxcater  No.  3  would  be  similar  in  construction  to  No.  2.  Its  length  on  top,  in- 
eluding  the  terminal  pier,  would  be  175  feet,  and  require — 

2,7:i6ton8of  riprap,  at  $1.25  per  ton $3,420 

The  terminal  pier,  (westerly) 875 

Contingencies,  say 645 

Cost  of  breakwater  No.  3 4,940 

RECAPITULATION. 

Breakwater  No.  1,  (including  contingencies) .s-21,400 

Breakwater  No.  2,  (including  contingencies) 9,660 

Breakwater  No.  3,  (including  contingencies) 4,940 

Total  cost  of  harbor 36,000 
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The  valae  of  the  above-described  harbor  is  mainly  owing  to  the  deep  and  partially- 
sheltered  basin  inclosed  between  Indian  Ledge,  Dexter  Ledge,  Matintcns  Island,  and 
Wbeaton's  Island,  where  there  is  sufficient  depth  and  good  holding-ground  for  vessels 
of  all  classes  to  come  to  an  anchorage  ^  an  area  of  upward  of  eight  acres  has  from  three 
to  five  fathoms  of  water  at  mean  low-water.  This  basin  is  used  to  a  great  extent  by 
the  nunieronsiishing- vessels  always  to  be  found  in  these  waters.  The  basin  might  be 
made  a  safe  farbor,  protected  from  all  winds,  by  the  building  of  a  breakwater  from 
Wheaton's  Island  to  **  Harbor  Ledge,''  a  distance  of  1,000  feet. 

The  direction  of  this  breakwater  (marked  on  the  accompanying  map  "proposed 
breakwater  No.  4")  would  be  north  18^  east,  or  about  north-by-east  one-half  north, 
true  bearing.  This  breakwater  and  No.  1  would  exclude  all  heavy  sea ;  the  entrance 
would  only  be  exposed  to  winds  from  north-by-east  to  north-by- west,  and  the  sea  caused 
by  those  winds  is  rendered  harmless  by  **  No  Man's  Land  "  and  the  ledge  around  this 
island.  The  protected  area  would  be  nearly  3d  acres.  The  cost  of  this  breakwater 
would  be  great,  owing  to  the  depth  of  water  between  Harbor  Ledge  and  Wheaton's 
Island,  and  its  exposed  locality.  An  estimate  has  been  made  for  a  breakwater  built  of 
riprap  up  to  the  low-water  line,  where  it  would  have  a  width  of  30  feet,  having  an  out- 
ward slope  of  2  horizontal  to  1  vertical,  and  an  inward  slope  of  1  to  1.  Above  low- 
water  it  would  be  constructed  as  described  for  breakwater  No.  1,  only  the  top  of  the 
coping-course  would  be  in  Ref.  12  feet  above  mean  low- water.    It  would  require — 

3,700  cubic  yards  of  large  grout,  laid  and  doweled  together,  at  $15  per  cubic 

Y^f^ _ ^^ ^ _ ^«^5  500 

160,000  tons  of  riprap,  at  $1.25  per  ton .' '.! ..!!..  20o|o00 

Contingencies,  say 23,100 

Cost  of  breakwater  No.  4 278,600 

There  are  extra  facilities  for  procuring  the  stone  for  the  proposed  breakwaters ;  the 
islands  are  high  granite  ledges,  and  all  the  stone  might  be  quarried  in  the  immediate 
vicinity  and  carried  on  a  tramway  to  the  breakwater  in  process  of  construction.  In 
case  of  the  building  of  breakwaters  Nos.  4  and  1,  the  two  inner  breakwaters,  Nos.  2 
and  3,  might  be  dispensed  with  as  superfluous.  The  improvement  as  proposed  would, 
therefore,  be  one  of  the  two  alternatives : 

A.  Inclosing  the  area  between  Matinicus  Island,  Indian  Ledee,  and  Dexter  Ledge 
with  breakwaters  Nos.  1,  2,  and  3,  so  as  to  make  a  harbor  for  small  vessels,  the  entrance 
being  4  feet  at  mean  low-water  and  13  feet  at  mean  high- water,  which  improvement,  it  is 
estimated,  would  cost  $36,000. 

B.  Making  a  large  harbor  for  vessels  of  all  classes,  at  all  stages  of  the  tide,  by  build- 
ing breakwaters  Nos.  4  and  1,  which  improvement,  it  is  estimated,  would  cost — 

Breakwater  No.  1,  (including  contingencies) i $21,400 

Breakwater  No.  4,  (including  contingencies) 278,600 

300,000 

The  first  of  these  would  not  have  great  significance  as  a  harbor  of  refuge,  on  account 
of  its  only  being  accessible  at  high-water ;  it  would  benefit  the  island  and  the  small 
vessels  owned  there,  which  are  now  in  great  danger  during  every  easterly  storm.  The 
second  alternative,  B,  would  be  of  great  importance  to  navigation;  vessels  seeking  a 
harbor  of  refuge  during  an  easterly  storm,  would  not  be  obliged  to  run  the  risk  of  ap- 
proaching the  rocks  and  dangers  of  the  shore,  but  would  find  a  harbor  15  miles  from 
either  of  the  nearest  harbors  on  the  shore,  Seal  Harbor,  Tenant's  Harbor,  and  Herring 
Gut. 

The  fact  that  the  proposed  harbor  of  refuge  at  Matinicus  Island  wonld  be  free  from 
ice  and  accessible  at  times  when  the  coast  of  Maine  is  ice-bound,  is,  perhaps,  the 
strongest  argument  in  favor  of  the  project.  For  details  of  the  survey,  I  would  respect- 
fully refer  to  the  accompanying  maps,  plotted  on  a  scale  of  1  to  1200,  (100  feet  =  l 
inch.) 

All  the  stations  occupied  have  been  marked  by  f-inch  holes,  drilled  in  the  ledge  for 
future  identification.  The  soundings  are  referred  to  mean  low-water,  which  plane  of 
reference  was  averaged  from  five  low-waters  observed  during  the  survey ;  the  moan 
rise  and  fall  of  the  tide  during  that  time  was  9.0  feet. 

The  fide-observations  were  made  on  a  tide-staff  placed  on  J.  Young's  wharf,  in  the 
southwest  corner  of  the  outer  harbor.  The  bench  for  re-establishment  of  the  plane  of 
reference  of  the  survey  is  an  iron  bolt,  set  in  the  ledge  25  feet  distant  from  the  north- 
east corner  of  the  wharf;  the  top  of  the  bolt  is  in  Kef.  12.62  feet  above  the  plane  of 
reference  mean  low-water. 

It  was  thought  the  Ten-Pound  Harbor,  or  Matinicus  Roads,  would  offer  facilities  for 
the  location  of  a  harbor  of  refuge,  and,  in  accordance  with  instructions  to  that  efiect, 
a  survey  was  also  made  at  this  place.  Ten-Pound  Harbor  is  inclosed  between  Matini- 
cus Island,  Ten-Pound  Island,  and  Ragged  Island.    These  islands,  however,  are  not 
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sufficient  shelter  for  the  inclosed  basin,  and  breakwaters  wonld  have  to  be  bnilt  to  se- 
cnre  a  safe  anchorage.  The  most  favorable  location  for  a  breakwater  would  be  on  a 
line  from  Curtis  Point,  on  the  soath  side  of  Matiuicus  Island,  to  the  northwest  point 
of  Ten-Pound  Island.  The  rocky  shores  of  the  two  islands  approach  here  within  1,650 
feet  on  the  high-water  lines,  and  are  only  830  feet  'apart  at  low-water.  The  channel 
between  the  two  islands  has  13  feet  of  water  at  mean  low- water  in  the  deepest  place 
of  the  line  upon  which  th«  breakwarter  could  be  located.  Tbe  bottom  of  this  channel 
is  composed  of  heavy  bowlders,  witli  led^e  cropping  out  among  them,  promising  stA- 
bility  to  a  structure  which  might  be  built  here.  On  either  side  of  Curtis  Point  the 
shore  recedes  and  forms  two  coves  with  good  anchorage,  a  marked  similarity  to  Rich- 
mond's Island,  Maine,  where  two  coves,  similarly  situated,  have  been  sheltered  by  a 
breakwater  between  Richmond's  Island  and  the  main-land.  A  breakwater  bnilt  be- 
tween Curtis  Point  and  Ten-Pound  Island  would  afford  sheltered  anchorage  during  an 
easterly  storm  in  the  cove  west  of  the  breakwater  between  Curtis  Point  and  Cato 
Ledge,  as  long  as  the  wind  was  blowing  steadily  from  the  east ;  but  should  the  wind 
veer  to  south  or  southwest,  it  would  roll  the  waves  into  the  harbor  with  unbroken 
force,  and  the  vessels  would  be  anchored  among  the  breakers,  worse  off  than  if  they 
had  kept  out  to  sea.  The  same  danger  would  apply  to  the  anchorage  on  the  east  side 
of  the  breakwater.  The  harbor  of  refuge  at  Richmond's  Island,  although  "  one-sided," 
has  no  such  drawback,  owing  to  the  close  proximity  of  the  land  southwest  of  the  har- 
bor. A  breakwater  between  Curtis  Point  and  Ten-Pound  Island  would  therefore  not 
be  sufficient  protection  for  Matiuicus  Roads  or  Ten-Pound  Harbor ;  to  make  a  safe  har- 
bor, it  would  be  necessary  to  build,  in  addition,  a  breakwater  from  Cato  Ledge  to 
Ragged  Island,  a  distance  of  one  mile ;  but  the  cost  of  the  work  would  be  so  much  in 
excess  of  the  cost  of  the  harbor  described  under  B,  (nearly  four  times,)  that  should  a 
large  expenditure  be  warranted,  the  preference  would  be  given  to  the  plan  of  improv- 
ing Matiuicus  Harbor  by  building  breakwaters  Nos.  I  and  4. 

The  breakwaters  estimated  for  have  the  same  cross-sections  as  described  for  break- 
waters Nos.  2  and  3,  and  would  cost  for — 

A  breakwater  between  Curtis  Point  and  Ten-Pound  Island,  requiring  50,000 
tons  of  riprap,  at  a  cost  of  $2.25  per  ton $112,500 

A  breakwater  between  Cato  Ledge  and  Ragged  Island,  requiring  400,000 
tons  of  riprap,  at  a  cost  of  $2.25  per  ton 900,000 

Contingencies,  say 101,500 

1,114,000 

Of  the  survey  in  Ten-Pound  Harbor,  a  map  has  been  made  on  a  scale  of  1  to  1200. 
The  plane  of  reference  for  the  soundings,  mean  low- water,  is  14.16  feet  below  the 
bench  at  Curtis  Point — ^a  composition  bolt  set  in  the  ledge. 
Very  respectfully,  your  obedient  servant, 

SoPHUS  Haagknskn, 
,  Assistant  Engineer, 

Bvt.  Brig.  Gen.  Geo.  Thom, 

Lieutenant-Colonel  of  Engineers. 


A  i8. 

survey  of  ipswich  river  and  harbor,  massachusetts. 

United  States  Engineer  Office, 

Portland^  ife.,  December  6, 1875. 

General  :  I  have  the  honor  to  present  the  following  report  on  the 
survey  of  Ipswich  Eiver  and  Harbor,  Massachusetts,  with  estimates  of 
cost  for  its  improvement,  as  called  for  by  the  act  of  Congress  approved 
March  3, 1876,  '<  making  appropriations  for  the  repair,  preservation,  and 
completion  of  certain  public  works  on  rivers  and  harbors,  and  for  other 
purposes.''  This  survey  was  made  in  June  and  July,  1876,  under  my 
instructions,  by  my  assistant  engineer,  Mr.  Sophus  Haagensen  ;  and 
his  report,  with  accompanying  map  of  the  river,  from  its  mouth  up  to 
Averell's  wharf,  at  Ipswich,  on  a  scale  of  1  to  2000,  showing  the  projected 
improvements  and  the  estimated  cost  of  same,  also  prepared  under  my 
supervision,  is  herewith  submitted. 
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This  river  is  navi^bleathigh-water,froinitsmoath,  where  it  empties 
into  Plain  Island  Soand,  up  to  the  wharves  at  Ipswich,  a  distance  of 
three  miles.  The  entrance  to  this  river  is  now  about  one  mile  southeast 
of  Plam  Island,  in  Ipvswich  Bay,  where  vessels  can  cross  the  "  outer 
bar"  in  6  feet  of  water  at  mean  low- water.  From  this  bar  to  the  mouth 
of  the  river,  a  distance  of  two  miles,  the  channel  deepens  and  offers  no 
obstruction  to  navigation;  while  between  the  mouth  of  the  river  and 
Plum  Island  (in  Plum  Island  Sound)  there  is  anchorage  in  from  three 
to  live  fathoms  of  water.  On  entering  the  mouth  of  the  river,  between 
Little  Neck  and  Castle  Neck,  the  inner  bar,  opposite  Lower  Gravelly 
Point,  is  crossed,  where  the  channel  has  a  width  of  60  feet  for  a  depth 
of  4  feet  at  mean  low-water.  The  mean  rise  a^nd  fall  of  the  tides  is  8.4 
feet.  From  the  mouth  of  the  river  up  to  Barras  Turns,  a  distance  oj 
two  miles,  there  is  an  unobstructed  channel  of  not  less  than  60  feet  in 
width  and  4  feet  in  depth  at  mean  low-water,  (or  12J  feet  at  mean  high- 
water;)  but,  from  Barras  Turns  up  to  the  Ipswich  wharv^es,  the  channel 
is  very  narrow  and  tortuous,  having  in  some  places  not  more  than  2  feet 
of  water  at  mean  low-water,  or  about  lOJ  feet  at  ordinary  high-water. 
The  act  of  Congress  providing  for  the  survey  of  Ipswich  Eiver  and 
Harbor  calls  for  ^<  estimates  of  cost  of  dredging  the  river,  so  as  to  give 
9  feet  depth  at  mean  low-water."  This  work  would  require  the  dredg- 
ing of  the  whole  length  of  the  river,  from  its  mouth  up  to  the  wharves  in 
Ipswich,  together  with  the  excavation  of  a  large  quantity  of  ledge,  the 
cost  of  which,  for  a  channel  60  feet  in  width,  would  probably  be  not  less 
than  $300,000 ;  a  work  which,  if  its  accomplishment  should  be  deemed 
warranted  by  the  small  amount  of  commerce  that  would  be  benefited 
by  it,  would  prove  to  be  but  temporary  unless  maintained  in  its  full 
dimensions  by  constant  dredging.  But  this  is  not  deemed  practicable, 
as,  in  every  easterly  storm,  the  sand  outside  the  mouth  would  be  washed 
inside,  and  reproduce,  to  a  greater  or  less  extent,  the  inner  bar  near 
Gravelly  Point ;  while  the  channel  across  the  outer  bar  is  so  variable  in 
depth  and  locality,  that  any  attempt  toward  its  improvement  could  not 
be  otherwise  than  futile.  Under  these  circumstances,  I  have  had  pre- 
pared a  project  for  the  improvement  of  this  river  at  and  above  Bar- 
ras Turns,  by  which  the  same  depth  of  the  water  as  below  shall  be  car- 
ried up  to  the  wharves  at  Ipswich,  (that  is,  4  feet  at  mean  low-water,) 
for  a  width  of  not  less  than  60  feet,  so  that  vessels  of  12  feet  draught 
may  be  taken  up  there  at  ordinary  high-water,  the  greatest  depth  that 
it  would  be  practicable  to  maintain.  The  details  of  this  project  are  set 
forth  in  the  accompanying  report  of  my  assistant  engineer,  to  which 
attention  is  invited.  To  effect  this  improvement  would  require  work  to 
be  done  at  the  localities,  and  at  a  cost  estimated  as  follows,  viz : 

1.  Openinfir  a  new  channel  across  the  flats  at  '*  Barras  Tarns/'  reqairing  17,800 
cubic  yards  dredging,  at  30  cents  per  cubic  yard |5,340 

2.  Riprap  stone  jetty  at  "  Button  Point,"  requiring  800  tons  bowlders,  &c.,  at 

$1  per  ton 800 

3.  Widening  and  deepening  the  channel  at  "  Labor  in  Vain,"  reqairing  3,500 
cubic  yards  dredging,  at  30  cents  per  cubic  yard 1,050 

4.  Excavation  of  ledge  in  midohannel  opposite  Nabby's  Point,  140  cubic  yards, 

at  $30  per  cubic  yard 4,200 

5.  3,100  cubic  yards  dredging  on  shoal  between  Nabby's  Point  and  Rogers's 
Point,  at  30  cents  per  cubic  yard.... • 930 

^  Remoyal  of  Heard's  Point  Ledge  to  a  depth  of  2  feet  below  the  plane  of 
mean  low-water,  requiring  831  cubic  yards  of  excavation,  at  $12  per  cubic 
yard 9,972 

Adding  for  contingencies,  say 2,708 

Total 25,000 


/ 
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As  a  bearing  upon  the  facts  which  show  to  what  extent  the  commerce 
of  the  country  woald  be  promoted  by  the  improvement  of  this  river  as 
above  projected,  I  will  state  that  I  am  informed  by  the  United  States 
collector  of  customs  of  this  district  that  '^  daring  the  fiscal  year  ending 
June  30, 1876,  there  were  sixty  arrivals  of  coastwise  vessels  at  Ipswich, 
with  coal,  lumber,  lime,"  &c.,  and  that  the  number  would,  in  his  opinion, 
be  increased  if  the  proposed  improvements  were  made  in  Ipswich  Biver, 
and  much-needed  buoys  were  placed  at  the  bar  and  in  the  harbor. 
EespectfuUy  submitted. 

Geo.  Thom, 
Lieut  Col.  of  Engineers^  Bvt,  Brig,  Oen,j  U.  S.  A, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  8.  A. 


report  of  mr.  s0phu6  haagensen,  assistant  engineer. 

United  States  Engineer  Office, 

Porilandy  Me.,  December  1, 1875. 

General  :  I  have  the  houor  to  report  upon  the  survey  of  Ipswich  River,  Massachu- 
setts, made  in  pursuance  of  your  instructions  of  June  12. 

A  general  reconnaissance  was. made  of  the  river  from  the  head  of  tide- water  in  the 
town  of  Ipswich  to  Pinmb  Island  Sound  (Liobster  Rock  Point)  previous  to  the  more 
detailed  special  surveys. 

Upon  the  existing  topographical  sheet  of  the  environs  of  the  river  (United  States 
Coast  Survey  chart,  1857,  enlarged  to  a  scale  of  1  to  2000)  were  plotted  the  location  of 
marks  established  along  the  river-banks ;  random  soundings,  2,100  in  number,  were 
taken  in  166  lines,  looat^  by  the  aid  of  these  marks  and  plotted  upon  the  chart ;  from 
this  an  idea  was  formed  as  to  which  parts  of  the  river  were  to  be  more  closely  exam- 
ined. 

Special  surveys  were  made  from  Barras  Island  to  AverilPs  wharf,  a  distance  of  one 
mile,  shore-lines  were  surveyed  and  the  river  sounded ;  the  locality  of  each  sounding 
has  been  accurately  determined,  either  by  instrumental  intersections  or  by  a  measur- 
ing-line ;  when  the  latter  was  used,  due  allowance  was  made  for  the  stretch  of  the  line. 
Numerous  borings  were  made  in  order  to  det-ermine  the  character  of  the  material  of  the 
bottom.  Where  ledge  was  found  soundings  were  taken  at  intervals  of  5  feet,  and  the 
thickness  of  the  covering-materials  determined,  so  as  to  delineate  correctly  the  ledge 
contours.  Pains  have  been  taken  to  mark  the  stations  occupied  in  such  a  manner  that 
they  can  afterward  be  identified ;  also  to  establish  permanent  benches  in  various  local- 
ities for  the  correct  re-establishment  of  the  plane  of  reference,  to  which  the  soundings 
are  reduced,  and  the  estimate  of  work  based  upon,  ^his  plane  is  the  mean  low-water 
averaged  from  57  consecutive  low-waters,  from  June  16  to  July  15,  inclusive ;  a  com- 

?lete  set  of  tide-observations  were  taken  in  this  interval,  embracing  a  whole  Innation. 
he  tide-staff  was  placed  near  the  head  of  the  river,  on  Dodge's  wharf,  (staff  No.  1,)  and 
the  result  of  the  observations  was  as  follows,  viz : 

Mean  rise  and  fall  of  all  tides  is 8.4  feet  ^ 

Highest  high- water  observed 10. 4  feet  1  Above  the  plane  of  refer- 
Lowest  high- water  observed 7.2  feet  (      ence  mean  low- water. 

Highest  low-water  observed 1. 8  feet  J 

Lowest  low- water  observed 1.3  feet      Below  do. 

The  mean  rise  and  fall  det.ermined  by  the  United  States  Coast  Survey  in  1852  is  8.6 
feet,  differing  only  0.2  foot  from  the  present  value,  8.4  feet. 

Near  the  mouth  of  the  river,  on  Little  Neck  wharf,  another  tide-staff,  No.  2,  was 
observed  for  four  consecutive  high  and  low  waters,  simultaneous  with  staff  No.  1.  The 
rise  and  fall  was  found  the  same  at  the  month  of  the  river  as  at  Dodge's  wharf,  three 
miles  up  river ;  consequently  8.4  added  to  the  sounding  on  the  map  will  give  the  cor- 
responding high-water  soundings  throughout  the  entire  length  of  the  river  repre- 
sented on  the  map  accompanying  this  report.  The  following  bench-marks  were 
established : 

At  LxiiU  Neck, — A  brass  bolt  set  in  a  large  bowlder  near  the  northeast  corner  of  Little 
Neck  wharf;  the  top  of  the  bolt  is  in  ref.  9.71  feet  above  mean  low-water. 

At  Jordan*8  HilL — A  brass  bolt  set  in  a  large  bowlder  12  feet  southeast  from  a  lone 
oak  tree  ;  the  top  of  the  bolt  is  in  rcf.  12.02  feet  above  mean  low- water. 
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At  MearcPs  Paint — ^A  brass  bolt  set  in  the  ledge,  100  feet  southwest  of  the  riug-bolt 
on  the  highest  part  of  the  rock.  The  reference  of  the  bolt  is  9.68  feet  above  mean  low- 
water.  This  bolt  also  marks  the  south  base  in  the  special  survey  of  Heard's  Point , 
while  the  ring-bolt  marks  the  north  base. 

The  following  maps  have  been  prepared : 

1.  Map  showing  channel  at  "  Barras  Turns/'  scale Ito  1000 

2.  Map8howing**Labor  in  Vain"  and  "The  Shoals,"  scale Ito  1000 

3.  Map  of  channel  round  "  Heard's  Point,"  scale Ito  400 

4.  Map  of  led^e  in  the  channel  at  "  Labor  in  Vain,"  scale Ito  100 

ru  Heard's  Point,  ledge  contours,  1  foot  equidistance,  scale 1  to  100 

6.  Map  of"  Outer  Bar,"  at  the  entrance  to  Ipswich  River,  scale 1  to  10000 

7.  Report  drawing,  map  of  Ipswich  River  from  Plum  Island  Sound  to  Aver- 

ill's  wharf,  showing  proposed  improvements,  scale Ito   2000 

DESCRIPTION  OF  THE  RIVER-CHANNEL. 

The  entrance  to  Ipswich  River  is  at  present  one  mile  southeast  of  Pltim  Island,  in 
Ipswich  Bay.  There  vessels  have  to  cross  the  "  Outer  Bar,"  over  which  there  is  6  feet 
of  water  at  mean  low-water,  passing  which  the  channel  deepens,  and  is  unobstructed 
till  the  mouth  of  the  river  is  reached.  Between  this  and  the  south  point  of  Plum 
Idand  there  is  anchorage  in  3  to  5  fathoms  of  water.  Leiaving  the  anchorage-ground 
and  entering  the  river-mouth  between  "Little  Neck"  and  "Castle  Neck," the  "Inner 
Bar"  must  be  crossed  off  " Lower  Gravelly  Point."  Through  this  bar  there  is  a  chan- 
nel 60  feet  wide  and  4  feet  deep  at  mean  low-water.  From  the  inner  bar  there  is  an 
unobetmcted  4-foot  channel,  of  not  less  than  60  feet  width,  running  in  a  meandering 
course  through  marshes  as  far  as  the  beginning  of  "  Barras  Turns,"  which  is  two  miles 
distant  by  the  river-channel  from  the  inner  bar  in  a  direction  west-southwest.  At 
this  point  the  navigable  4-foot  channel  practically  ends ;  and  the  river-ohannel  must 
be  improved  throughout  its  entire  length,  from  "Barras  Turns"  to  the  wharves  in  Ips- 
wich, in  order  to  make  it  correspond  with  the  two-mile-long  channel  below  "  Barras- 
Turns,"  i.  e.  to  procure  a  practicable  towing-channel  60  feet  wide  and  not  less  than  4 
feet  deep  at  mean  low-water,  allowing  vessels  of  12  feet  draught  to  be  taken  to  the 
wharves  in  Ipswich  on  the  top  of  an  ordinary  high-tide.  The  special  surveys  have 
been  made  with  a  view  of  estimating  the  amount  of  work  and  probable  cost  of  mak- 
ing such  a  channel.  An  estimate  has  also  been  prepared  for  a  channel  9  feet  deep  at 
mean  low-water,  which  was  called  for  by  the  act  of  Congress  providing  for  this  sur- 
vey. This  work  would  involve  the  dredging  of  the  entire  length  of  the  river  from 
Plum  Island  Sound  to  the  wharves  in  Ipswitch,  a  distance  of  three  miles,  and  the  ex- 
cavation of  ledges  in  the  upper  part  of  the  channel,  requiring  the  removal  by  dredging 

of  200,000  cubic  yards  of  sand-gravel,  at  30  cents  per  cubic  yard $60,  OC^ 

By  submarine  blasting  of  6,700  cubic  yards  of  ledge,  at  $30  per  cubic  yard. ..    201, 000 
Add  for  contingencies 39,000 

Total 300,000 

This  would  be  the  probable  cost  of  a  towing-channel  of  60  feet  width  and  9  feet  depth 
at  mean  low-water.  This  channel  could  not  be  kept  open  except  by  constant  dredg- 
ing, as  in  every  easterly  storm  the  sand  from  the  outside  would  wash  in  and  reproduce 
the  inner  bar  off  Gravelly  Point.  The  changeable  nature  of  the  channel  through  the 
sands  outside  "  Castle  Neck"  is  also  a  strong  argument  against  a  deep  artificial  chan- 
nel in  the  river.  From  an  examination  of  this  channel,  made  July  12,  the  following 
facts  seemed  to  be  proved : 

1.  That  this  channel  is  now  about  one-half  a  mile  nearer  the  south  point  of  Plum 
Island  than  it  was  in  1852. 

2.  That  the  bar,  which  in  1852  crossed  the  channel  of  the  red  buoy  No.  4,  (see  United 
States  Coast  Survey  chart  of  Ipswich  and  Annisquam  Harbors,  published  1857,)  has 
been  advancing,  and  is  now  crossing  the  channel  between  red  buoy  No.  2  and  black 
buoy  No.  1. 

Tnat  the  bar  has  not  even  maintained  its  relative  height;  while  7^  feet  could  be 
carried  over  it  in  1852,  now  only  6  feet  can  be  carried,  showing  a  shoaling  of  1^  feet. 
It  is,  therefore,  believed  that  a  9-foot  channel  in  the  river  could  not  be  maintained  ex- 
cept by  constant  expensive  dredging,  entirely  disproportionate  to  the  value  of  such 
channel  fbr  commerce. 

In  the  following,  reference  will  only  be  made  to  the  continuation  of  the  natural 
4-foot  channel. 

a.  At  Barras  IVnw. — Here  the  channel  makes  two  abrupt  turns  at  right  angles,  leav- 
ing two  projecting  points  of  sand-Hats,  one  on  each  side  of  the  channel ;  although  the 
points  are  marked  by  buoys,  vessels  generally  ground  on  one  of  them,  owing  partly  to 
the  abrupt  turns  and  partly  to  the  crosswise  current  at  high-water,  when  the  flats  are 


202  REPORT   OP   THE   CHIEF   OF   ENGINEERS. 

covered.  It  is  not  believed  that  dredging  of  the  points  would  remedy  this  difflcalty ; 
neither  would  the  improvement  be  permanent,  as  the  flats  would  probably  resume 
their  present  shape  after  dredging.  It  is  proposed  to  make  a  straight  cut  from  the 
channel  outside  ** Button  Point'' to  the  straight  portion  of  the  river-channel  below 
*'  The  Turns,''  and  secure  the  permanency  of  this  new  channel  by  a  jetty  from  Button 
Point  across  the  old  channel,  in  which  a  part  of  the  excavated  material  could  be 
dumped.    This  work  would  require  the  removal  of  17,800  cubic  yards,  mostly  sand,  at 

an  estimated  cost  of  30  cents  per  cubic  yard $5,340 

And  the  building  of  a  riprap  jetty,  800  tons  of  bbwlders,  which  may  be  taken 
from  the  adjacent  shores  at  a  cost  of  $1  per  ton 800 

Total $6,140 

h»  At  Labor  in  Vain. — ^The  narrow  channel  between  Button  Point  and  Nabby's  Point 
is  called  '^  Labor  in  Vain,"  probably  from  the  difficulty  in  navigation.  This  channel 
runs  at  the  foot  of  a  40-foot  high  wooded  blufif,  causing  baffling  winds.  For  half  of  its 
length  it  is  obstructed  b^  a  shoal,  reducing  the  depth  of  the  present  channel  2  feet  at 
mean  low- water.  To  widen  this  part  of  the  river-channel  to  60  feet,  and  procure  a 
depth  of  4  feet,  would  reouire  an  amount  of  dredging  estimated  at  3,500  cubic  yards, 
at  30  cents  per  cubic  yard,  $1,050.  Opposite  Nabby's  Point  there  is  a  ledge  in  mid- 
channel  with  only  2.4  feet  of  water  over  its  highest  part;  the  channel  is  here  7  feet 
deep  above  and  below  the  ledge,  and  several  vessels  have  been  '*  hogged"  by  grounding 
on  this  ledge  during  the  ebb-tide.  Its  removal  to  a  depth  of  7  feet  at  mean  low- water 
is  recommended,  which  would  require  the  excavation  of  140  cable  yards  of  ledge,  at 
^30  per  cubic  yard,  $4,200. 

0.  The  Skoals. — About  midway  between  Nabby's  Point  and  Rogers's  Point  there  is  a 
shoal  consisting  of  sand,  gravel,  and  bowlders,  which  only  leaves  a  narrow  and 
crooked  S-foot  channel.  The  red-shaded  area  shows  a  location  of  a  60-foot  wide  chan- 
nel, which  it  is  believed  can  be  excavated  to  a  depth  of  4  feet  at  moan  low-water, 
without  necessitating  any  ledge  excavation.  It  would  require  the  removal  by  dredg- 
ing of  3,100  cubic  yards  of  sand,  gravel,  and  bowlders,  at  an  estimated  cost  of  30  cents 
per  cubic  yard,  $930.  The  best  place  to  deposit  the  excavated  material  is  *'  French's 
Cove,"  opposite  Nabby's  Point ;  the  flats  have  an  elevation  of  1.5  feet  above  mean  low- 
water,  or  nave  about  7  feet  of  water  at  an  ordinary  high  water.  It  is  estimated  that 
10,000  cubic  yards  of  material  can  be  easily  deposited  on  the  flats  opposite  "  Labor  in 
Vain,"  as  near  Nabby's  Point  as  practicable. 

d.  Meard^e  Point. — ^This  is  a  ledge  projecting  into  the  river  opposite  Dodge's  wharf, 
causing  an  acute  bend  in  the  river-channel.  It  rises  almost  perpendicularly  out  of  the 
river  from  the  low-water  line  to  a  height  of  13  feet  above  mean  low- water,  or  about  5 
feet  above  high-water  mark.  The  danger  in  hauling  round  this  point  is  the  close  prox- 
imity (120  feet  at  high-water,  100  feet  at  low-water)of  a  similar  rocky  point  projecting 
from  the  opposite  shore,  Rogers's  Point,  and  not  nn frequently  have  vessels  been  caught 
by  the  tide  and  hung  up,  with  bow  and  stern  on  the  two  ledges,  across  a  strong  cur- 
rent. To  remove  the  outer  end  of  Heard's  Point  would  greatly  relieve  the  danger  of 
navigating  this  difficult  part  of  the  river.  As,  however,  the  channel  above  Heard's 
Point  rapidly  decreases  in  depth,  and  none  of  the  wharves  above  have  more  than  2 
feet  of  water  at  mean  low-water,  the  greater  part  less,  it  would  not  be  necessary  to 
carry  the  excavations  below  the  2-foot  grade,  i.  e.,  allowing  vessels  of  10-foot  draught 
to  pass  this  point  at  high-water.  Still  this  excavation  ou  the  proposed  line  40  feet 
back  of  the  high- water  line  would  require  the  removal  of  831  cubic  yards  of  ledge,  at 
a  cost  of  $12  per  cubic  yard,  $9,972. 


• 


RECAPITULATION. 

To  procure  a  channel  00  feet  wide,  4  feet  deep  at  mean  low-water,  or  12.4  feet  at  mean 

hi^h-water,  as  far  as  Heard's  Point,  requires — 

Dredging, 

A  channel  at  Barras  Turns : 
17,800  cubic  yards,  at  30  cents  per  cubic  yard $5,340 

Widening  and  deepening  Labor  in  Vain : 
3,500  cubic  yards,  at  30  cents  per  cubic  yard 1,050 

A  channel  through  The  Shoals  : 

3,100  cubic  yards,  at  2K)  cents  per  cubic  yard 930 

$7,320 

Building  of  a  jetty  at  Button  Point  : 
800  tons  of  riprap,  at  $1  per  ton 800 

Removal  of  ledge  in  channel  at  Labor  in  Vain  : 
140  cubic  yards,  at  $30  per  cubic  yard 4,200 
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Removal  of  Heard's  Point  to  a  depth  of  2  feet  at  mean  low- water,  or 
10.4  feet  at  mean  hij^h-water : 

831  cnbio  yards  of  ledge,  at  $12  per  cubic  yard $9,972 

Contingences,  say 2,708 

Total 25,000 

Very  respectfully,  your  obedient  servant, 

SOPHUS  Haagensen, 

Assistant  Engineer, 
Bvt.  Brig.  Gen.  Geo.  Thom, 

Isieutenant'CoUmel  of  Engineers. 


APPENDIX   B. 


ANNUAL  EEPORT   OF   MAJOR   G.  K.  WARREN,   CORPS   OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1876. 

Engineer  Office,  United  States  Army, 

Newport,  E.  I.,  July  19,  1876. 

General.  :  I  have  the  honor  to  submit  the  annual  reports  of  improve- 
ments and  surveys  of  rivers  and  harbors  under  my  charge  during  the 
fiscal  year  ending  June  30, 1876. 
Very  respectfully, 

G.  K.  Warren, 
Major  of  Engineers  and  Bvt.  Maj,  Oen,^  U.S.A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


B  I. 

HYANNIS  HARBOR,  MASSACHUSETTS. 

The  amount  in  my  hands  for  this  work  at  the  beginning  of  the  fiscal 
year  was  so  small  that  nothing  could  be  done. 

The  condition  and  history  of  this  work,  and  necessity  for  further  ap- 
propriation, are  fully  set  forth  in  my  last  annual  report.  (See  report  of 
the  Chief  of  Engineers  for  1876,  Part  II,  pp.  266-268.) 

Hyannis  is  in  the  Barnstable  collection-district.  Barnstable  is  the  nearest  port  of 
«»ntry.    The  amount  of  revenue  collected  there  in  the  year  ending  June  30^  1876;  was 

% . 

Money  statement. 

Amount  available  July  1, 1875 $42  94 

Amount  available  July  1,1876 42  94 

Amount  (estimated)  required  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  profitably  expended   in  fiscal  year  ending  June  30, 

1878 10,000  00 


B  2. 

WAREHAM   HARBOR,  MASSACHUSETTS. 

A  survey  of  this  work  was  made  under  direction  of  General  George 
Thom,  lieutenant-colonel  of  engineers,  in  October,  1871,  and  a  report  and 
estimate  were  submitted  by  him,  dated  December  7, 1871.    The  amount 
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of  this  estimate  was  $45,000,  inclading  $3,000  for  the  removal  of  a  ledge 
and  bowlder  in  Weweantic  River. 
Congress  appropriated  for  this  work — 

By  act  approved  June  10, 1872 $10,000 

By  act  approved  March  3, 1873 10,000 

By  act  approved  June  23, 1874 10,000 

By  act  approved  March  3, 1875 10,000 

Total 40,000 

The  history  of  the  improvement  carried  on  under  the  first  two  appro- 
priations is  given  in  the  Annual  Report  of  the  Chief  of  Engineers  for 
1874,  Part  II,  pp.  216-220 ;  and  of  it  under  the  appropriation  of  June  23, 
1874,  in  the  annual  report  of  the  Chief  of  Engineers  for  1875,  Part  II, 
pp.  277-278.  Work  was  commenced  on  the  6th  of  June,  1876,  under  the 
last  appropriation,  and  up  to  this  time  good  progress  has  been  made,  so 
that  it  will  probably  be  completed  in  July.  This  appropriation  will 
complete  the  improvement  of  the  harbor,  giving  the  depth  and  width  to 
the  channel  estimated  for  in  report  upon  survey  dated  December  7, 1871. 

There  will  then  be  a  channel  up  to  the  wharves  9  feet  deep  at  mean 
low-water,  having  a  width^of  100  feet  in  its  narrowest  part,  and  for  the 
greatest  part  of  the  distance  a  width  of  200  feet  or  more.  The  mean 
rise  of  the  tide  is  about  4  feet. 

Wareham  is  a  port  of  delivery.  It  is  in  the  New  Bedford  collection-district,  and  New 
Bedford  is  the  nearest  port  of  entry.  The  amount  of  revenue  collected  there  during 
the  fiscal  year  ending  June  30, 1876,  was  $9,710.04. 

Money  statement. 

Amount  available  July  1, 1875 $9,998  95 

Amount  expended  dnring  fiscal  year  ending  June  30, 1876 2,974  17 

Amount  available  July  1, 1876,  including  $284.83  due  on  contracts 7, 024  78 


B3. 

NEW  BEDFORD  HARBOR,  MASSACHUSETTS. 

At  the  date  of  my  last  annual  report  upon  this  improvement,  a  con- 
tract had  been  made  with  the  Atlantic  Dredging  Company  of  Brooklyn, 
N.  Y.,  to  dredge  from  near  the  Fair  Haven  wharves  to  the  wharves  in 
New  Bedford. 

Work  was  commenced  under  this  contract  in  July,  and  was  completed 
in  October,  1875.  A  channel  105  feet  wide  and  15  feet  deep  at  mean 
low-water  (the  mean  rise  of  the  tide  being  about  3  feet)  was  made  be- 
tween the  wharves  in  New  Bedford  and  Fair  Haven.  (For  location  of 
work  see  maps  accompanying  the  monthly  reports.)  The  amount  of 
material  removed  was  48,224  cubic  yards.  The  approx)riation  being 
nearly  exhausted,  work  was  suspended. 

The  original  estimate  for  the  improvement  of  this  harbor  was  made 
by  me  in  November,  1874,  and  was  for  a  channel  200  feet  wide  and  15 
feet  deep  at  mean  low-water,  from  the  deep  water  on  the  Fair  Haven 
side  to  the  wharves  in  New  Bedford.  The  estimated  cost  of  dredging 
and  superintendence  was  $24,000.  The  price  at  which  the  work  was 
done  last  year  was  lower  than  estimated,  and  probably  lower  than  the 
remainder  will  be  done  for.  It  is  not  thought  best  to  reduce  the  origi- 
nal estimate.    It  will  therefore  require  the  appropriation  of  $14,000  to 
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complete  this  work,  which  amonnt  could  be  expended  to  advantage  in 
one  year. 

New  Bedford  is  in  the  New  Bedford  collection-district,  and  is  a  port  of  entry.    The 
amonnt  of  revenue  coUected  there  in  the  fiscal  year  ending  June  30, 187H,  was  $9,710.04 . 

Money  statement. 

Amount  available  July  1,  1875 $9,699  49 

Amount  expended  during  fiscal  year  ending  June  30;  1876 9, 625  62 

Amount  available  July  1, 1876 73  87 

Amount  appropriated  by  act  approved  August  14,  1876 10, 000  00 

Amonnt  (estimated)  required  for  completion  of  existing  project 4,  dOO  00 

Amount  tbat-can  be  profitably  expended  in  fiscal  year  ending  June  30,  1878.  4, 000  00 


B  4. 
TAUNTON  RIVER,  MASSACHUSETTS. 

Prior  to  the  beginning  of  the  fiscal  year  a  contract  had  been  duly 
made  with  William  Flannery,  of  New  York  City,  for  dredging,  at  95 
cents  per  cubic  yard.  Messrs.  Staples  &  Phillips  were  engaged  in  July 
in  removing  rocks  from  the  channel-way,  at  $9  per  cubic  yard.  They 
continued  work  until  November,  removing  204.95  cubic  yards  between 
Weir  and  the  lower  part  of  the  "Needles."  From  this  point  down 
through  the  "Nook"  to  Wikamount  are  occasional  bowlders  not  re- 
moved. Below  Wikamount  the  channel  is  clear  of  rocks,  except  at 
Peter's  Point,  where  a  ledge  projects  into  it.  This  ledge  was  blasted 
during  last  season,  but  the  pieces  are  not  yet  removed.  Messrs.  Staples 
&  Phillips  will  remove  the  loose  rocks  on  this  ledge  during  the  present 
month,  having  put  off  this  work  until  warm  weather  so  that  men  could 
go  into  the  water  to  chain  the  rocks.  The  remainder  of  the  appropria- 
tion, if  any,  will  be  spent  in  removing  the  rocks  from  the  channel- way 
in  the  "  Nook." 

Mr.  Flannery  removed  3,940.6  cubic  yards  in  making  10  feet  at  mean 
high- water  through  Cobb's  Shoal  and  at  Wikamount,  and  in  making  9 
feet  at  thesame  time  of  tide  through  John  B.'s  Shoal.  With  the  removal  of 
this  last  shoal  we  completed  the  improvement  of  the  upper  part  of  the 
river  on  the  plan  originally  made,  to  make  9  feet  at  mean  high-water. 

Since  the  completion  of  this  channel  new  shoals  have  been  reported, 
but  it  is  believed  that  they  have  the  full  depth  on  them,  and  are  only 
found  in  attempting  to  pass  up  the  river  with  vessels  in  advance  of  high- 
water. 

There  remains  to  be  dredged  a  channel  through  a  clear  sand-bar  above 
Berkely  Bridge,  and  the  removal  of  isolated  rocks  from  the  "  Needles  " 
to  Wikamount.  It  is  proposed  to  do  this  with  the  $5,000  asked  in  the 
last  annual  report,  if  appropriated. 

As  the  work  has  progressed  it  has  been  found  necessary  to  remove  a 
large  number  of  bowlders  lying  in  and  near  the  channel-way,  which 
work  was  not  included  in  the  original  estimates. 

Owing  to  the  hardness  of  the  material,  the  prices  at  which  the  work 
has  been  done  have  been  high.  The  first  dredging  was  bid  for  at  $1.50 
per  cubic  yard.  The  contract  made  at  this  price  was  not  carried  out, 
because  the  material  was  not  considered  dredgable;  this  dredging  was 
afterwards  let  and  done  at  $5  per  cubic  yard.  The  next  contract  was 
at  $3.45  per  cubic  yard. 
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These  figures  show  that  any  estimate  of  prices  must  have  been  very 
aureliable. 
There  has  been  appropriated  for  this  work — 

By  act  of  Congress  approvedJaly  11, 1«70 $10,000 

By  act  of  Congress  approved  March  3,  1871 10,000 

By  act  of  Congress  approved  Jane  10, 1872 10,000 

By  act  of  Congress  approved  March  3, 1873 10,000 

Bjy  act  of  Congress  approved  June  23, 1874 10,000 

By  act  of  Congress  approved  March  3, 1875 10,000 

Total 60,000 

Taanton  River  is  in  the  Fall  River  collection-district,  and  that  place  is  the  nearest 
port  of  entry.  The  amount  of  revenue  collected  there  during  the  fiscal  year  ending 
June  30, 1876,  was  $6,372.35. 

Money  statement. 

Amount  availahle  July  1, 1875 $9,856  84 

Amount  expended  during  fiscal  year  ending  June  30, 1876 8, 650  94 

Anwunt  available  July  1,1876 1,205  90 

Amount  (estimated)  required  for  completion  of  existing  project 5, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    5, 000  00 


B5. 

FALL  RIVER  HARBOR,  MASSACHUSETTS. 

At  the  beginning  of  the  present  fiscal  year  a  contract  had  been  made 
with  Messrs.  Curtis,  Fobes  &  Co.,  of  Portland,  Me.,  but  no  work  had 
been  done  under  it.  Work  was  commenced  in  November,  1875,  and  the 
contract  completed  in  May,  1876.  The  amount  of  sand,  gravel,  mud,  and 
bowlders  of  less  than  2  cubic  yards  removed  was  21,222.19  cubic  yards. 
They  also  removed  136.53  cubic  yards  of  bowlders  larger  than  2  cubic 
yards.  We  now  have  a  channel  12  feet  deep  and  100  feet  wide  at  mean 
low-water.  The  mean  rise  of  the  tide  is  about  4.7  feet  The  original 
estimate  was  for  a  channel  100  feet  wide  along  the  wharves  and  increas- 
ing to  300  feet  wide  at  either  end.  This  increased  width  is  in  a  curved 
portion  of  the  channel  and  12  feet  deep  at  mean  low- water. 

The  contract  of  last  year  proved  very  advantageous  to  the'Govern- 
ment  from  the  fact  that  the  price  for  dredging  all  material,  including 
bowlders  of  less  than  2  cubic  yards,  was  but  48  cents  per  cubic  yard  ; 
for  those  larger  than  2  cubic  yards  the  price  was  $10  per  yard  ]  but  their 
numbers  were  few. 

This  favorable  price  enabled  us  to  do  much  more  than  was  estimated 
could  be  done  for  $20,000,  the  amount  thus  far  appropriated. 

To  complete  the  improvement  as  designed  requires  the  widening  of 
the  channel  at  each  end.  The  material  being  much  softer  than  in  the 
other  parts  of  the  channel,  it  is  probable  that  it  can  be  done  at  a  less 
price  than  that  of  last  year,  so  that  $15,000  will  complete  the  improve- 
ment as  first  designed.    This  amount  can  be  all  expended  in  one  year. 

Fail  River  is  in  the  FaU  River  collection-district,  and  is  a  port  of  entry.  The  amount 
of  revenue  collected  there  daring  the  fiscal  year  ending  June  30, 1876,  was  $6,372.25. 

Money  statement. 

Amount  available  July  1, 1875 $14,386  77 

Amount  expended  during  fiscal  year  ending  June  30, 1876 13, 789  22 

Amount  available  July  1, 1876 597  55 

Amount  appropriated  by  act  approved  August  14,  1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 5, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    5, 000  00 
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B  6. 

PAWTUCKET  (SEEKONK)  RIVER,  RHODE  ISLAND. 

At  the  beginning  of  the  fiscal  year  dredging  was  being  done  on  this 
river,  under  contract,  by  Mr.  E.  R.  Seward,  of  Albany,  N.  Y.  This 
work  was  completed  last  season.  The  amount  of  material  remored  was 
31,347  cubic  yards.  This  made  the  channel  in  the  river  to  have  a  least 
width  of  76  feet,  (near  the  wharves  it  was  made  130  feet,)  and  a  depth 
of  7  feet  at  mean  low- water.  The  mean  rise  of  the  tide  is  about  4|  feet. 
In  three  places — at  Dunuell's,  at  Bass  Eock,  and  at  Swan  Point — where 
the  shoals  had  shown  a  tendency  to  form  again,  the  depth  was  made  9 
feet. 

In  addition  to  this,  a  channel  was  made  through  the  east  draw-opening 
of  the  new  Bed  bridge,  removing  therefrom  752  cubic  yards  of  stone, 
varying  in  size  from  a  small  cobble-stone  to  stones  of  one-half  ton 
weight.  There  is  now  in  this  opening  12  feet  in  the  center  and  9  feet 
depth  at  either  side  at  mean  low-water ;  several  piles  were  also  removed 
from  the  opening.  The  stone  and  piles  removed  were  the  remains  of* 
an  old  pile-bridge,  the  stone  having  been  thrown  in  to  protect  the 
piling. 

The  history  of  this  improvement  up  to  that  date  is  given  in  the  Annual 
Report  of  the  Chief  of  Engineers  for  1874,  Part  II,  pp.  229, 230. 

The  improvement  of  this  river  was  commenced  in  1867,  nnder  an  appropria- 
tion made  in  that  year  of $17,000 

By  act  approved  July  11,1870,  there  was  appropriated 8,000 

By  act  approved  March  3, 1671,  there  was  appropriated 7,000 

By  act  approved  June  10, 1872,  there  was  appropriated 10, 000 

By  act  approved  March  3,  1873,  there  was  appropriated 10,000 

Making  a  total  of 62,000 

Ko  further  improvement  is  now  demanded,  but,  as  the  shoals  in  the 
river  are  liable  to  form  again,  further  appropriations  for  dredging  will, 
in  time,  be  needed,  but  probably  not  for  several  years  to  come. 

A  map  of  this  river,  from  a  survey  made  in  1873,  showing  the  condi- 
tion of  the  river  at  that  time  from  Pawtucket  to  Providence,  with  the 
dredging  since  done  indicated  by  shading,  is  forwarded  with  this  report. 

Pawtucket  River  is  in  the  Providence  collection-district.    Providence  is  the  nearest 

Jort  of  entry.    The  amount  of  revenue  collected  there  during  the  fisccd  year  ending 
ane  30,  1876,  was  f  182,352.57. 

Money  statement 

Amount  available  July  1,  1875 |7,544  83 

Amonnt  expended  during  fiscal  year  ending  June  30,  187G 5, 950  22 

Amount  available  July  1,1876 1,594  61 


B  7. 
BULKHEAD  EOCK,  PROVIDENCE  RIVER,  RHODE  ISLAND. 

In  my  last  annaal  report  I  called  attention  to  the  necessity  of  an 
appropriation  of  $5,000  being  made  for  this  removal  of  the  rock,  so  as 
to  give  18  feet  at  mean  low-water. 

In  1870  an  appropriation  of  $2,500  was  made,  and  with  this  the  rock 
was  removed  down  to  14  feet  at  mean  low- water,  but  this  is  not  saffl- 


\. 
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cient  depth  for  the  vessels  passing  in  and  out  of  Providence  River,  and 
it  should  be  increased  to  18  feet  at  mean  low- water.  The  mean  rise  of 
the  tide  is  about  4J  feet. 

Providence  River  is  in  the  Providence  coUection-district,  and  Providence  is  the 
nearest  port  of  entry.  The  amonnt  of  revenue  collected  there  during  the  fiscal  year 
ending  June  30, 1876,  waa  $18^^,352.57. 

Money  statement 

Amount  available  July  1, 1875 $74  98 

Amount  available  July  1, 1876 1 74  98 

Amount  (estimated)  required  for  completion  of  existing  project 5, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878..  5, 000  00 


B  8. 

WICKFORD  HARBOR,  RHODE  ISLAND. 

At  the  date  of  my  last  annual  report,  there  remained  in  my  hands 
$1,452.24,  applicable  to  this  work.  This  amonnt  has  been  expended 
mainly  in  widening  the  channel  in  the  upper  part  of  the  harbor  (see 
sketch  accompanying  monthly  report)  by  dredging. 

There  is  now  aJdepth  of  about  9  feet  at  mean  low-water,  with  a  mean 
rise  of  tide  of  about  3.7  feet. 

The  further  improvements  needed  for  this  harbor  are,  a  beacon  on 
James's  Ledge  and  the  removal  of  the  light-house  to  Old  Gay  Eock. 
The  importance  of  these  improvements  led  me  to  call  attention  to  them 
in  my  last  annual  report,  and  to  annex  to  it  a  petition  of  the  citizens  of 
Wickford,  and  to  ask  that  the  same  be  referred  to  the  Light* House  Board. 

That  the  necessity  for  these  improvements  was  not  overestimated 
was  shown  by  the  sinking,  last  winter,  of  the  steamer  Eolus,  a  vessel 
plying  regularly  between  Newport  and  Wickford,  and  forming  part  of 
the  route  to  New  York,  on  James's  Ledge. 

Wickford  is  in  the  Newport  collection-district.  Newport  is  the  nearest  port  of  entry. 
The  amount  of  revenue  coUected  there  in  the  fiscal  year  ending  June  30, 1876,  was 
$258.20. 

Money  statement 

Amount  available  Jane  1, 1875 $1,452  24 

Amount  expended  during  fiscal  year  ending  June  30, 1876 1, 452  24 


B  g. 

NEWPORT  HARBOR,  RHODE  ISLAND. 

The  principal  work  here  during  the  fiscal  year  ending  June  30, 1876, 
consisted  in  dredging  under  an  agreement  madcwith  William  Flannery, 
of  New  York.  He  has  removed  58,928  cubic  yards  of  material  from  the 
channel- ways.    A  few  bowlders  were  also  taken  out. 

Work  was  begun  in  1873,  with  an  appropriation  of  $8,500,  made  and 
approved  March  3, 1873 ;  it  was  continued  with  an  appropriation  of 
$10,000,  approved  June  23, 1874,  and  with  another  appropriation  of 
$10,000,  approved  March  3,  1875 ;  a  total  of  $28,500. 

With  this  sum  113,760  cubic  yards  have  been  dredged,  several  large 
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bowlders  taken  ap  by  a  vessel  with  submariue  outfit,  hired  by  the  day, 
and  a  jetty  about  150  feet  long  built  on  the  south  end  of  Goat  Island. 

The  original  project  contemplated  the  removal  of  103,500  cubic  yards 
fh>m  the  channel-ways,  and  the  jetty  as  now  built.  This  project  con- 
templated removing  26,000  cubic  yards  between  Goat  Island  and  Lime 
Bock,  but  only  about  11,530  cubic  yards  were  taken  from  that  part 
because  of  the  hardness  of  the  material  at  the  shoalest  part  of  the  main 
channel-way.  Here  a  cut  of  about  45  feet  width  was  made,  increasing 
the  depth  from  12|  feet  to  15  feet  at  mean  low-water.  The  mean  rise  of 
the  tide  is  about  3|  feet.  The  sand  shoal  projecting  under  water  at 
low-tide  from  the  south  end  of  Goat  Island  was  cut  off,  and  the  building 
of  the  jetty  was  done  to  retard  its  formation  afterward.  We  have  made  a 
channel  along  the  harbor-line  north  and  south,  from  85  to  125  feet  wide, 
and  from  10  to  12  feet  deep  at  mean  low- water;  cut  a  channel  firom  the 
deep  water  inward  to  the  harbor-Une,  about  250  feet  wide  and  13  feet 
deep  at  mean  low- water :  and  another  channel  nearly  east  and  west 
from  the  north  end  of  the  harbor-line  out  to  deep  water,  about  50 
feet  wide  and  12  feet  deep  at  mean  low-water.  A  full  history  of  the 
work  up  to  1875  is  given  in  the  Annual  Beport  of  the  Chief  of  Engineers 
for  that  year.  Part  II,  pp.  289-291.    A  map  is  sent  herewith. 

The  original  project  is  now  essentially  completed.  A  great  deal  more 
dredging  might  be  done  in  increasing  the  area  of  deep  water,  and  it 
would  be  of  benefit  to  the  United  States  to  build  a  number  of  short  jet- 
ties on  the  west  face  of  Goat  Island  to  protect  it  from  washing  by  the 
waves.  This  is  chiefly  of  importance  to  the  naval  torpedo-station 
located  on  it,  and  may  be  provided  for  in  the  appropriatioi^  for  that 
station. 

Newport  is  in  the  Newport  collection-district,  and  is  a  port  of  entry.    The  amount  of 
revenue  coUeoted  here  during  the  fiscal  year  ending  June  30, 1876,  was  $258.20. 

Money  statement 

Amount  available  July  1, 1875 $11,396  42 

Amount  expended  during  fiscal  year  ending  June  30, 1876 10, 442  36 

AmouDt  available  July  1, 1876 954  06 


B  10. 

BKEAKWATEE  AT  BLOCK  ISLAND,  RHODE  ISLAND. 

In  my  annual  report  for  1874,  I  stated  that  the  appropriation  of 
$20,000^  made  by  act  of  Congress  approved  Jane  23, 1874,  would  extend 
the  mam  breakwater  as  far  as  it  was  desirable,  and  that  the  next  im- 
provement required  was  the  building  of  a  detached  piece,  leaving  an 
opening  between  it  and  the  main  work,  to  protect  the  harbor  fronr 
northeast  storms. 

The  length  of  this  pier  was  proposed  to  be  300  feet,  and  it  was  to  be 
located  about  200  feet  north  of  the  outer  end  of  the  main  breakwater, 
and  to  nm  westerly  nearly  at  right  angles  to  the  main  work.  I  also 
stated  that— 

It  Ib  very  desirable  to  have  the  amonnt  sufficient  for  this  ajjpropriated  aU  at  once, 
for  in  an  incomplete  state  it  woold  prove  a  dangerous  obsiraction. 

The  amount  estimated  as  necessary  to  build  this  detached  piece  was 
$60,000 ;  Oongress  by  act  approved  March  3, 1875,  appropriated  $20,000. 
This  amount  being  too  small  to  complete  the  work,  it  was  deemed  best 

14  £ 
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to  reserve  it  until  CongreBS  shoald  appropriate  an  amount  sufficient  to 
build  it  before  commencing  it.  This  was  reported  in  my  annual  report 
for  1875. 

The  only  work  done  during  the  last  fiscal  year  has  been  the  putting  in  of 
fender-piles  around  the  face  of  the  wharf  in  the  inner  harbor,  (these  piles 
were  placed  against  and  bolted  to  the  piles  supporting  the  wharf,)  and 
such  minor  repairs  as  were  necessary,  and  attending  to  the  lighting  of 
the  harbor. 

The  history  of  this  work  is  given  in  full  in  my  last  annual  report. 
(See  Report  of  the  Chief  of  Engineers  for  1875,  Part  II,  p.  249.) 

The  Board  of  Engineers  appointed  to  consider  and  report  on  break- 
water at  this  place,  reported,  February  18, 1868,  two  plans  for  break- 
waters for  local  purposes:  the  first  to  cost  $372,000;  the  second, 
$553,798. 

In  the  construction  of  the  work  the  plan  reported  by  this  Board  has 
been  so  modified  as  to  dispense  with  the  cut  stone,  thereby  decreasing 
the  cost  so  that  a  breakwater  has  been  built  to  include  as  much  area  as 
that  of  the  second  plan  of  the  Board  at  an  expenditure  thus  far  of 
$225,000.  It  should  be  noted  that  of  this  sum  about  from  $50,000  to 
$60,000  has  been  expended  in  dredging  and  making  other  facilities  for 
the  work,  and  in  removing  bowlders  ^m  the  enclosed  area. 

The  appropriations  have  been  as  follows : 

By  act  of  Congress  approved  Jaly  1, 1870 $30,000 

By  act  of  Congress  approved  March  3,1871 75,000 

By  act  of  Congress  approved  Jane  10,1872 50,000 

By  act  of  Congress  approved  March  3, 1873 50,000 

By  act  of  Cclbgress  approved  June  23, 1874 20,000 

By  act  of  Congress  approved  March  3, 1875 20,000 

Total 245,000 

Estimated  as  necessary  to  complete 40,000 

Total  (estimated)  cost  when  completed 285,000 

Block  Island  is  in  the  Newport  collection-district.  Newport  is  the  nearest  port  of 
entry.  The  amonnt  of  revenue  collected  there  daring  the  fiscal  year  ending  June  30, 
1876,  was  $258.20. 

Money  statement 

Amount  available  July  1, 1875 $26,449  53 

Amount  expended  during  fiscal  year  euding  June  30, 1876 4, 001  83 

Amount  available  July  1, 1876 22,447  70 

Amount  appropriated  by  act  approved  August  14, 1876 40, 000  00 


B  IX. 

PAWCATUCK  RIVEK,  RHODE  ISLAND  AND  CONNECTICUT. 

At  the  date  of  my  last  annual  report,  dredging  was  being  done  at  28 
centfi  per  cabic  yard,  under  contract  with  T.  J.  Hill,  under  the  appro- 
priation of  $10,000  made  by  act  of  Congress  approved  March  3, 1875. 
This  contract  was  completed  in  September,  1875.  The  whole  amount  of 
material  removed  under  it  was  22,618  cubic  yards.  In  addition  to  the 
dredging,  several  large  bowlders  were  removed  from  the  channel  by  days' 
labor,  in  the  following  manner :  A  hole  was  drilled  in  the  bowlder  to  be 
removed,  and  a  lewis-bolt  driven  into  it.  Two  scows  were  fastened  to- 
gether by  placing  timbers  across  them,  leaving  space  between  them  to 
pass  chains  over  the  timbers  to  the  lewis-bolt.    The  scows  were  moored 
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over  the  stoues  at  low-water  and  the  chains  made  fast  to  the  bolt. 
When  the  tide  rose  the  stone  would  be  lifted  and  then  floated  oat  of  the 
channel.  Whenever  the  stone  was  embedded  to  a  greater  depth  than 
the  rise  of  tide,  as  sometimes  was  the  case,  the  scows  were  sank  and 
then  made  fast,  after  which  they  were  pamped  out.  This,  with  the  rise 
of  the  tide,  asaally  lifted  them  clear  of  the  bottom. 

The  channel  was  now  finished  up  to  Swanks  Dock,  in  Westerly,  Ehode 
Island,  75  feet  wide  and  5^  feet  deep  at  mean  low-water,  the  mean  rise 
of  tide  being  2.3  feet  This  was  as  far  as  it  had  been  contemplated  to 
carry  the  improvement;  the  portion  above,  being  occupied  for  the  most 
part  by  wharves,  was  regarded  by  me  as  the  harbor  of  the  town,  and,  if 
improved,  the  expense  should  be  borne,  in  part,  at  least,  by  the  abutters. 

The  fact  that  vessels  drawing  7^  feet  could  reach  the  lower  end  of 
town  at  high-water,  (the  head  of  channel  dredged,)  while  at  the  same 
time  bat  6  feet  could  be  carried  above,  made  the  wharf-owners  above 
solicitous  that  this  portion  should  be  dredged.  Finally,  a  proposition 
was  made  by  them  to  pay  one-half  the  expense  of  dredging  a  channel 
45  feet  wide  and  6  feet  deep  at  mean  low- water  up  toMaxon's  wharf,  a 
distance  of  about  2,400  feet  from  the  upper  end  of  the  channel  dredged, 
j^s  there  remained  unexpended  of  the  last  appropriation  about  $2,700, 1 
recommended  that  this  amount  be  expended  in  doing  half  of  the  dredg- 
ing of  such  channel,  as  far  as  it  would  go.  This  plan  was  approved  by 
the  Department  in  letter  of  October  9, 1875.  Work  was  commenced  in 
November,  1875,  and  completed  in  May,  1876 ;  the  price  paid  was  27  cents 
percnbic  yard  for  all  material  thatthe  dredge  could  remove.  The  amount 
removed  by  the  dredge  was  14,137  cubic  yards.  Many  bowlders  were 
encountered,  some  of  them  so  large  as  to  require  blasting  before  they 
coald  be  taken  out.  Half  of  the  exx)ense  of  this  work  was  borne  by  the 
Government  and  half  by  the  property-owners.  The  channel  is  now 
completed  to  the  full  width  of  45  feet  in  most  of  itB  length,  and  35  feet 
in  it«  narrowest  part,  with  6  feet  depth  at  mean  low- water  throughout. 
The  improvement'  of  this  river  is  now  completed,  giving  one-half  of  a 
foot  greater  depth,  and  about  one-half  mile  farther  up  than  was  first  es- 
timated for.  The  condition  of  the  river  is  fully  shown  on  the  accom- 
panying map. 

The  anticipated  benefits  to  the  commerce  of  the  place  by  this  improve- 
ment are  fully  realized  in  the  reduction  of  freights  to  the  e  xtent  of  from 
25  to  75  cents  per  ton  fh)m  New  York.  The  value  of  the  improvement 
will  be  much  further  increased  by  dredging  a  channel  through  a  shoal 
in  Little  Narraganset  Bay,  into  which  the  river  empties,  a  plan  for  doing 
which  has  already  been  authorized  by  Congress,  so  that  vessels  arriving 
there  can  pass  over  the  shoal  at  the  beginning  of  flood-tide,  and  reach 
Westerly  at  high-water.  It  now  frequently  happens  that  vessels  bound 
for  Westerly  get  aground  in  the  bay  and  remain  there  for  a  week  at  a 
time. 

The  Pawcatnck  Riyer  is  the  dividing-line  between  the  Stonington  and  Providence 
collection-districts.  Stonington  is  the  nearest  port  of  entry.  The  amount  of  revenue 
collected  during  the  fiscal  year  ending  June  30, 1876,  was  $1,284  at  Stonington,  and 
$162,352.57  at  Providence. 

Money  statement 

Amount  available  July  1,1875 $9,793  34 

Amount  expended  during  fiscal  year  ending  Jnne  30, 1876 9, 616  97 

Amount  available  July  1, 1876 176  37 
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B   12. 

CONNECTICXJT  RIVER  BELOW  HARTFORD,  CONNECTICUT,  INCLUDING  SAY- 
BROOK  BAR. 

The  appropriation  of  $20,000,  made  by  act  of  Congress  approved 
March  3, 1875,  has  been  expended  in  dredging  between  Hartford  and 
the  month  of  the  river,  and  in  extending  the  east  jetty  at  Saybrook  Bar 
in  the  manner  set  forth  in  my  last  annnal  report.  At  that  date,  Jnly  1, 
1876,  an  agreement  had  been  made  with  Mr.  Gk)od8peed  to  do  the  dredg- 
ing, he  to  fnrnish  dredge,  scows,  and  tng,  at  $75  per  day. 

The  shoals  in  this  river  are  formed  in  time  of  high- water  in  the  river, 
and  although  always  in  the  usual  neighborhood,  it  is  impossible  to  tell 
exactly  where  and  to  what  extent  dredging  will  be  required  until  the 
river  falls.  If  we  were  compelled  to  advertise  at  that  time  for  propo- 
sals in  the  usual  manner,  the  large  boats  running  between  Hartford  and 
New  York  would  be  put  to  great  inconvenience,  and  perhaps  be  com- 
pelled to  make  their  terminus  at  Middletown  or  Saybrook,  instead  of 
Hartford.  For  this  reason,  authority  was  given  me  to  hire  Mr.  Good- 
speed  to  do  the  work,  without  advertising,  as  his  price  was  very  mod- 
erate. 

He  removed,  during  the  months  of  July,  August,  and  September, 
13,862  cubic  yards  of  sand  from  Glastonbury  Bar  in  46^  days,  making 
a  channel  9  feet  deep  at  lowest  water  through  the  bar.  He  also  removed 
958  cubic  yards  of  sand  from  Hartford  Bar  and  Pratt's  Ferry  Bar  in  4 
days.  These  three  bars,  on  which  the  water  is  nearly  always  shoal — 
generally  less  than  6  feet  after  every  freshet— must  be  dredged  every 
year,  U  we  are  to  have  a  channel  of  sufficient  depth  for  the  vessels  run- 
ning to  Hartford. 

Surveys  of  Glastonbury  Bar  and  Pratt's  Ferry  Bar  were  made  in 
1875,  prior  to  the  dredging.  Maps  of  these  surveys  are  sent  with  this 
report,  with  the  dredging  done  in  1876  shown  on  them. 

The  contractor  for  furnishing  granite  for  the  east  jetty  at  Saybrook 
Bar  finished  his  contract  in  October,  having  put  in  8,178  tons,  extend- 
ing the  jetty  1,144  feet  from  the  beacon,  the  initial  point. 

A  temporary  beacon  was  built  and  placed  on  the  outer  end  of  the  west 
jetty  last  season.  This  beacon  was  knocked  down  by  a  vessel  in  June, 
1876. 

An  examination  of  the  channel  between  the  jetties  was  made  last 
spring,  which  showed  that  there  had  been  little  if  any  change  in  the 
depth,  except  at  the  outer  end  of  the  east  jetty,  where  a  small  shoal  had 
formed,  making  it  the  shoalest  place  in  the  channel.  When  this  jetty 
reaches  the  full  extent  designed,  the  end  will  meet  the  strong  tidal  cur- 
rents in  the  Sound,  and  it  is  expected  that  deposits  cannot  take  place. 

The  monthly  reports  contain  sketches  showing  the  progress  and  loca- 
tion of  the  work,  so  that  it  is  not  thought  necessary  to  repeat  them  here. 

Connecticnt  River,  below  Hartford,  is  in  the  Middletown  collection-district ;  Middle- 
town  is  the  nearest  port  of  entry.  Tne  amount  of  revenue  collected  there  during  the 
fiscal  year  ending  June  30, 1876,  was  f . 

Money  statement 

Amount  available  July  1, 1875 $19,705  61 

Amount  expended  during  fiscal  year  ending  June  30, 1876 19, 540  19 

Amount  available  July  1, 1876 165  42 

Amount  appropriated  by  act  approved  August  14, 1876 30, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 35, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  35, 000  00 
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B  13. 

CONNECTICUT  RIVER  ABOVE  HARTFORD,  CONN.,  AND  BELOW  HOLYOKE, 

MASS. 

Daring  the  fiscal  year  ending  Jane  30, 1876|  the  condition  of  the  river 
has  been  such  aa  to  require  no  ezpenditare  for  improvements.  The 
material  obtained  frdm  the  surveys  and  measurements  in  former  years 
has  been  worked  np  ready  for  pablication,  and  all  the  maps  and  dia- 
grams prepared  for  photolithographing.  Daring  the  progress  of  the 
work  separate  portions  of  the  river  and  surveys  were  reported  upon  by 
themselves,  and  these  reports  have  been  published  in  the  preceding  an- 
nual reports.  We  have,  however,  combined  them  all  in  one  report, 
which  it  is  now  desirable  to  publish  by  itself,  accompanied  by  the  maps 
and  diagrams  that  generally  have  not  been  published. 

Some  careful  measurements  on  the  resistance  of  cords  and  floats  to 
currents  of  water  having  different  velocities  (included  in  this  combined 
report)  have  not  yet  been  published,  and  they  are  therefore  given  here 
as  an  apx)endix.  As  there  appears  little  likelihood  that  the  money  ap- 
propriated for  this  river  above  Enfield  Falls  and  below  Holyoke  can  be 
used  in  any  desirable  improvement,  I  respectfully  suggest  that  the 
money  be  partly  used  in  publishing  these  maps  and  full  report.  It  will 
be  of  much  local  value  as  affording  exact  information  of  the  river  and 
valley,  and  in  the  results  of  its  measurements  a  contribution  to  river 
hydraulics  uid  of  general  interest. 

If  any  shoals  should  give  trouble  to  the  vessels  now  navigating  be- 
•  tween  Hartford  and  Enfield  Falls  this  year,  the  funds  on  hand  are 
believed  to  be  ample  to  provide  for  removing  them. 

Conneetiont  River  is  in  the  Middletown  ooUection-distriot.  Mlddletcwn  is  the  near- 
est port  of  entry.  The  amount  of  revenue  ooUected  there  during  the  fiscal  year  ending 
June  30, 1876,  T?as  $19,956.14. 

Money  staiemenU 

Above  Hartford  and  lelow  Enfield  FalU, 

Amount  available  July  1, 1875 .' $12,272  04 

Amount  available  July  1, 1876 12,272  04 

Abore  Enfield  FalUf  Conn.,  and  below  Holyoke,  Mase. 

Amount  available  July  1, 1875 $10,702  92 

Amount  avaUable  July  1, 1876 10,702  92 

Above  Hartford,  Conn,,  and  beHow  Holyoke,  Mom, 

Amount  available  Jnl^  1, 1875 $6,606  65 

Amount  eaqpended  during  the  fiscal  year  ending  June  30,  VSf^ 2, 774  82 

Amount  available  July  1, 1876 3,831  83 
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RESISTANCE  OF  CORDS  AND  FLOATS. 

Some  considerable  interest  having  been  excited  in  the  question  of  the  resistance  of 
cords  and  floats  when  in  motion  through  water,  and  severiJ  experimoxts  haying  been 
tried  during  the  progress  of  the  Connecticut  River  surveys  upon  the  apparatus  used 
for  ganging,  in  order  to  know  what  were  the  actual  resistances,  such  as  are  deemed 
of  sufficient  interest  have  been  added  to  this  report.    No  reliance  was  placed  upon 
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merely  mathematical  dedactlons,  owing  to  the  insufficient  data  existing  with  regard 
to  the  firiction  and  resistance  of  cords  and  wires  when  moved  laterally  through  water 
or  other  fluids.  Experiments  were  first  made  upon  the  longitudinal  tension  of  a  cord 
placed  in  the  current  and  allowed  to  sag  more  or  less  down  stream,  with  a  view  to 
computing  the  lateral  resistance  from  this  element ;  but  direct  experiments; were  after- 
ward made  upon  the  force  acting  in  the  direction  of  the  current.  The  first  experi- 
ments were  made  July  20, 1874,  at  Hartford,  between  the  west  abutment  and  the  first 
pier  of  the  toll-bridge.  The  cord  used  was  .036  inch  in  diameter,  of  hard-twisted  cot- 
ton, and  of  uniform  size.  This  was  stretched  across  from  the  pier  to  the  abutment  a 
distance  of  27.2  feet,  at  a  depth  of  6  inches  below  the  surface.  One  end  was  made 
fiist  and  the  other  passed  over  a  brass  pulley,  so  as  to  measure  the  tension  with  a 
spring-balanoe.  Four  experiments  were  tried,  one  of  which  was  rejected  frx)m  an  evi- 
dent error  in  recording.    The  others  are  shown  in  the  following  table : 


Knmber  of 
experiment. 


Diameter  of  oord. 


1 
2 
3 


Inehe9. 
.036 
.036 
.036 


Velocity  of  cur- 
rent. 


Feet  per  second. 
LSI 
1.51 
1.51 


Greatent  versed 
sine. 


Angle  at  west 
end. 


Feet 
3.60 
3.50 
S.50 


30  45 
97  30 
94    00 


Tension  on 
cord. 


Oinices. 
6 

IS 


The  velociiy  of  the  current  was  measured  with  current-meter  No.  2,  before  described, 
(see  Annual  Report  of  Chief  of  Engineers  for  1875,  Part  11,  pp.  307-8,)  at  6.13  and  19 
feet  from  the  west  bank,  giving  velocities  of  1.35, 1.56,  and  1.70  feet  per  second  at  those 
points. 

The  experiments  were  continued  at  the  bridge  of  the  Seymour  Paper  Company,  in 
Windsor  Locks,  on  July  31  and  August  1,  with  the  same  small  cord  and  with  a  larger 
cord  of  .192  inch  diameter.  In  these  experiments  the  ends  of  the  cords  were  supported 
by  stakes  9.75  feet  apart,  and  driven  into  the  bed  of  the  canal,  so  that  the  current 
flowed  more  uniformly  and  unaffected  by  the  banks  between  the  points  of  support  than 
was  the  case  in  the  former  experiments.  The  cords  were  suspended  about  6  inches 
below  the  surfeice,  and  one  end  was  passed  over  a  pulley  as  before.  The  results  of 
these  experiments  are  shown  in  the  following  table : 


Nnmber  of 
experiments. 

Diameter  of  cord. 

Yeloeity  of  cur- 
rent. 

Greatest  versed 
sine. 

Angle  at  west 
end. 

Tension  on 
oord. 

Indue. 

Feet  per  tecond. 

Feet 

o       / 

Ouncei. 

1 

.036 

.95 

.85 

15    10 

3 

9 

.036 

.95 

.198 

30    90 

] 

3 

.036 

.95 

.195 

98    30 

n 

4 

.036 

.95 

.69 

19    30 

% 

5 

.036 

.86 

.94 

6    15 

6 

.036 

.86 

.50 

8    00 

41 

7 

.036 

.86 

.75 

91    00 

9 

8 

.036 

.86 

1.10 

30    95 

1 

9 

.036 

.86 

9.91 

k 

10 

.193 

.93 

.61 

1*9    00 

9? 

11 

.199 

.93 

.70 

99    30 

8 

19 

.199 

.93 

.99 

99    00 

5 

13 

.199 

.93 

1.37 

36    40 

3} 

14 

.199 

.93 

1.97 

47    30 

91 

In  the  foreffomg  experftnents  the  velocity  of  the  current  was  measured  with  current- 
meter  No.  2,  Before  described,  at  three  places  across  the  length  of  cord,  and  the  mean 
velocity  deduced  therefrom.  The  meter  was  placed  at  the  same  distance  below  the 
surface  as  the  cord,  and  as  nearly  as  practicable  under  the  same  conditions;  the  meas- 
urements by  the  meter  occupying  some  few  minutes,  while  the  pressure  upon  the  cord 
was  taken  at  once.  The  results  of  the  foregoing  experiments  not  being  entirely  satis- 
factory, further  experiments  were  made  upon  the  pressure  produced  by  the  direct  action 
of  the  current  upon  cords  and  wires  of  different  sizes,  on  the  17th  and  18th  of  August, 
at  Hartfoid. 

An  apparatus  for  holding  the  oord,  and  measuring  the  pressure  upon  it  by  means  of 
a  scale-beam,  was  constructed,  as  follows :  A  frame  to  hold  the  cord  to  be  tested  was 
made  by  extending  two  stout  brass  wires  downward  from  a  horizontal  round  wooden 
axis,  and  bracing  tnem  so  as  to  withstand  the  tension  of  the  cord  stretched  between 
their  ends.  The  distance  between  these  arms  to  which  the  cord  was  attached  was  4 
feet,  and  the  length  of  the  arms  was  25  inches.  This  frame  was  hung  to  a  beam  by 
pivots  in  the  en£  of  the  horizontal  axis,  resting  in  hook  bearings,  so  as  to  be  easily 
removed  and  roplaced,  and  was  provided  with  a  horizontal  scale-beam  having  a  sliding 
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ireight  like  a  steelyard.  The  wbole  was  balanced,  and  the  wire  arma  hung  verticaUy 
vhen  the  freight  was  at  zero.  This  apparatae  was  ased  by  laehia^  the  Mam  across 
the  gnnwalee  of  a  boat,  bo  that  tbe  trame  woald  bang  OD'one  side  with  the  snns 
immersed  abont  9  iDches.  When  placed  in  tbe  proper  position  for  use,  the  aotion  of 
the  current  npon  tbe  part  of  the  frame  sabmerged  was  weighed  on  tbe  soale-beani. 
The  cord  or  wire  was  then  attached  to  tbe  ends  of  tbe  aruu,  and  the  preosuce  agiun 
weighed ;  the  difference  in  weight  gave  tbe  pressure  upon  tbe  cord  or  wire  aloDe. 

In  these  experiments  the  velocity  of  the  carrent  was  measured  with  carrent-meter 
No.  1,  from  tbe  boat,  in  tbe  middle  of  tbe  length  occupied  b;  tbe  frame. 

Experiments  were  made  upon  both  cords  and  wires  of  the  diameters  given  in  the 
following  tables. 

Tbe  cords  were  oil  hard-twisted,  smooth,  and  of  aniform  diameter,  aad  were  all  of 
cotton,  except  No.  3,  which  was  a  linea  fish-line.  Most  of  the  cords  were  stretched 
tight  between  the  supports,  but  some  were  allowed  to  sag,  as  not«d  in  the  table.    Tbe 


Tofits  ihoKing  experinuntt  upon  cord*. 


i 

1 

1 

a 
a 

i 

3 

! 

^1 

n 

k 
V 

.9 

1 

i 
1 

1 

^oto,. 

i 

.<H9 
.039 

.MS 

'.taa 

'.(OB 

.ax 

.ax 

*.!» 
4.00 

too 

4.  00 

4.00 
1.D0 
4. 00 
4.00 
4.00 
4.00 

%0 
3.0 

a!o 

0.8 
2.0 
0.8 

a.t 

8,3 

i.o 

1.0 

B.3 

a.4 

i.3 
0:4 

133 
3.33 

Las 

L39 
S,»7 
1.38 

LS3 
L» 

1.39 

oeer 

0653 
Ol.W 

oiar 

0130 

l!3l4 

I,«l 

1:049 

1.S38 
1.303 
1.3SS 

Coltan»rd.l"Hg  In  middle. 
Cotton  eot^  3"  eig  in  middle. 

Cotton  oord.  neirif  atnlsbt. 

"■iT*  ■"■"""*•■ 

Cotton  eoi^,Desrl;atniglit. 
Cotton  cord.  l"»g  in  mHdle, 
Cotton  cord,  near];  ttnlghc 
Cotton  oocd.  S  feet  long.  1'  3"  lu. 
Cotton  G014  neutf  >tr>iicbC. 

Meu  «»fflcleDL 

TabU  tticwing  experimtnlt  upon  te 


! 

J 
1 

3a 

j! 

1 

1 
1 

Z 

Kotee. 

H 

ms 

4, 

an 

130 

OBW 

1083 

.013 

10 

4. 

0,7 

W40 

.844 

Do. 

Mssn  MMtfHaluit. 

Tbe  probable  error  ol  ibli  mean  is 

In  addition  to  the  fol^toing  experiments  on  oordt  andjwlres,  a  few  experiments  were 
made  on  tbe30tbafAagaet,witb  the  same  apparatus,  opon  the  resistance  of  the  floats 
before  de«oribod.  in  this  report,  (see  Annual  Keport  of  the  Chief  of  Engineers,  18T6, 
Part  II,  p-  306,)  when  similarly  acted  npon  bj  tne  current.    They  were  attached  by 
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cords,  from  10  to  15  feet  long,  to  the  middle  of  the  cord  stretched  between  the  arms  of 
the  frame,  as  in  the  foregoing  experiments.  The  floats  were  tried  alone,  and  i^o  the 
whole  system  together.  The  resistance  of  the  npper  float  was  obtained  by.  attaching 
it  to  the  apparatus  in  the  manner  described,  with  a  weight  of  8  ounces  hanging  to  it 
at  a  distance  of  18  inches  below,  and  supporting  this  weight  against  tJie  onrrent  by  an 
independent  cord.  This  was  also  tried  withont  suspending  the  wei^^ht  independently. 
When  both  floats  were  tried  together,  they  were  attached  indepenctently  to  the  frame^ 
except  in  one  case,  when  the  upper  float  alone  was  attached.  The  center  of  the  lower 
float  was  in  all  cases  18  inches  below  the  surface-float* 

An  experiment  was  made  upon  the  lower  float  alone,  suspended  at  the  surface  by 
means  of  the  up]per  float  placed  Just  inside  of  the  top.  The  velocity  of  the  current  was 
so  small  at  the  time  of  these  experiments  that  it  was  very  difficult  to  measure  the  sliffht 
resistance  of  the  surface-float.  The  results  would  have  been  more  satisfactory  with  a 
greater  velocity.  They  are,  however,  given  in  the  following  table,  which  shows  the 
deductions  made  from  such  experiments  as  were  tried.  These  observations  were  not 
originally  considered  sufficiently  complete  to  be  of  great  value,  and,  consequently,  were 
not  given  in  the  previous  repoit. 

Table  showing  reeulta  of  experimenU  upon  floats. 


49* 

1 

.s 

1 

float 

s. 

I. 

h 

•sg 

si 

B 

§1 

si 

■J 

a 

1 

OD 

S.S 

P 

6.00 

t 

la 

r 

1 

Notes. 

t 

1 

Ellipsoid. 

1.50 

.0136 

1.01 

.033 

.404 

SorfiMe  float  by  itself,  with  8^>iince  weight. 

s 

EJlipsoid. 

6.00 

1.50 

.0063 

.77 

.033 

.316 

Sniftoe  float  by  itself,  with  8-oanoe  weight. 

360 

Mean  oo-efllcient 

The  probable  error  of  thia  mean  is  ±  .080. 
Snb-noat  bv  Itself,  near  the  sar&oe. 
Sob-float  18  inches  below  snrfiuse-float,  both  at- 

3 

CyUnder. 

8.47 

a  50 

.5417 

LS8 

.500 

.669 

4 

Cylinder. 

a  47 

a  50 

.3121 

.91 

.500 

.755 

tached. 

5 

Cylinder. 

&47 

aso 

.3176 

1.07 

.500 

.555 

Sob-float  18  Snohea  below  sorfMe-float,  latter 
only  attached. 

Snb-float  18  Inches  below  anrface-float,  both  at- 
tached. 

Sab-float  18  inches  below  snrfaoe-float,  both  at- 

6 

Cylinder. 

a  47 

a50 

.2719 

.87 

.500 

.719 

7 

Cylinder. 

a  47 

a5o 

.8541 

.66 

.500 

.687 

tached. 

.676 

Mean  co-efficient 

The  probable  error  of  this  mean  ia  ±  .033. 

In  the  foregoing  tables  of  the  results  of  experiments  upon  cords,  wires,  and  floata 
the  last  column  contains  the  co-efficients  of  resistance. 

The  general  formula  for  the  resistance  of  a  body  moving  in  a  fluid  of  unlimited 
cross-section,  is 

In  which 

P  =  resistance  of  the  body  to  motion, 
V=  velocity, 

g  =  force  of  gravity  at  the  place, 
A  as  area  of  cross-section  of  the  body, 
w  =  weight  of  a  unit  of  volume  of  the  fluid, 

C  =  a  co-efficient,  supposed  to  be  constant  for  the  same  form  of  solid,  but  varying  for 
different  forms. 

As,  however,  for  the  same  fluid  the  factor  ^  is  constant^  both  numerator  and  de- 

2g 

nominator  varying  proportionally  with  thesmall  changes  in  the  value  of  ^,  it  can  be  omit- 

ted  in  the  computation  of  the  co-efficient  C  from  a  series  of  observations  or  experiments  in 

the  same  fluid.   The  resulting  co-efficients  are  the  proper  ones  forthe  fluid  observed :  and 

if  it  is  desired  to  apply  them  to  any  other,  they  can  be  placed  in  the  general  formul 

multiplying  by  ^  or  making  C  =  C  ^,  C  being  the  proper  co-efficient  for  the  general 

w  tig 

formula.  Although  it  is  known  that  the  foregoing  formula  is  not  exact  for  a  great 
range  of  velocity,  it  is  sufficiently  accurate  to  determine  the  resistance  through  a  con- 
siderable range  in  the  values  of  the  area  of  the  cross-section  and  velocity  if  the 
co-efficient  is  well  established  by  a  sufficient  namber  of  experiments.    It  also  affords 
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an  excellent  means  of  comparinff  experiments  at  different  velocities  and  with  different 
areas  of  cross-section,  so  as  to  obtain  a  mean  oo-effieient.  In  the  f  oreeoinc:  tables  the 
co-effioients  which,  if  applied  to  the  formula,  wonld  produce  the  resnits  or  the  experi- 
ments, have  therefore  been  computed  by  the  formula, 

and  the  means  taken  of  the  results.  The  pressure  P  is  taken  in  pounds,  the  area  A  in 
square  feet,  and  the  velocity  v  in  feet  per  second.  It  will  be  observed  that  in  the  table 
oi  experiments  with  cords  the  co-efflcients  are  quite  uniform,  and  there  appears  to  be 
no  material  difference  between  the  higher  and  lower  velocities,  nor  between  the  larger 
and  smaller  cords.  Neither  does  there  appear  to  be  any  difference  when  the  cord  has 
a  very  considerable  curve  or  sag  between  the  ends.  In  the  series  of  experiments  upon 
wires  a  greater  difference  appears  in  the  co-efficients..  This  is  owinff  to  the  fineness 
and  consequent  small  area  or  some  of  the  wires,  and  the  slowness  of  the  current,  and 
also  to  the  fact  tiiat  with  the  apparatus  used  the  pressure  could  be  taken  only  to  the 
nearest  tenth  of  an  ounce,  so  that  the  pressures  of  1,  2,  and  3  were  subjected  to  a  large 
percentage  of  error  from  titiis  cause.  As  these  errors,  however,  are  equally  likely  to 
give  too  Targe  or  too  small  results,  the  mean  is  very  near  the  probable  truth. 

In  the  experiments  upon  the  small  tin  ellipsoids  used  for  surface-floats  the  results 
are  not  quite  satisfiactory,  for  the  same  reasons.  The  two  co-efflcients  given  do  not, 
however,  vary  so  much  as  would  be  expected  from  the  difficulty  of  measuring  so  small 
a  resistance,  and  the  mean  ma^  be  taken  as  approximately  correct.  With  the  cylinders 
used  for  sut>-floats  the  co-efflcients  are  quite  uniform,  with  the  exception  of  No.  5,  in 
which  case  the  floats  were  attached  to  the  weighing  apparatus  by  a  line  to  the  upper 
float  only ;  so  that  there  is  a  possibility  that  the  lower  float  was  carried  down  stream 
suflSciently  to  bring  the  suspending  cord  against  its  top  edge  and  cant  it  sli|^htly.  If 
the  result  of  this  experiment  is  rejected,  it  makes  the  mean  co-efflcient  .706,  instead  of 
.676,  with  a  probable  error  of  ±  .014. 


B  14. 

SURVEY  OF  LITTLE  NARRAGANSETT  BAY,  RHODE  ISLAND  AND  CONNEC- 
TICUT.* 

ENGINEER  Office,  United  States  Army, 

Neicport,  B.  I.,  November  30, 1875. 

General  :  I  have  the  honor  to  present  herewith  the  map  of  the  sur- 
vey of  Little  Narragansett  Bay,  placed  under  my  char£:e  by  your  in- 
stmctions  dated  March  22, 18T5,  having  been  authorized  by  the  act  for 
rivers  and  harbors,  approved  March  3, 1875.  This  map  is  on  a  scale  of 
400  feet  to  the  inch,  and  is  made  to  connect  with  onr  former  surveys  of 
Pawcatuck  Biver,  which  flows  into  it,  and  the  survey  of  Stonington 
Harbor,  contiguous  to  this  bay  on  tbe  west  side. 

A  description  of  the  method  of  conducting  the  survey  and  the  character 
of  the  bay  and  its  environs  is  given  in  the  report  of  Assistant  Engineer 
H.  A.  Bentley,  sent  herewith.  In  this  report  special  obstructions  to 
navigation  are  described,  and  an  estimate  of  the  cost  of  removing  them 
is  given. 

This  bay  is  separated  from  the  portion  of  the  ocean  known  as  Block 
Island  Sound  by  a  sand-beach,  which  has  been  formed  by  the  ocean 
waves  between  Watch  Hill  and  Napatree  Point.  Both  these  elevations 
are  of  glacial  drift,  and  the  latter  would  be  an  island  but  for  the  con- 
necting beach.  The  motion  of  the  sand,  as  washed  by  the  ocean  waves, 
is  from  Watch  HiU  toward  Napatree  Pointy  and  this  motion  continues 
on  past  the  point,  producing  a  long  sand-spit  running  north.  This  has 
been  gradually  extending  since  first  surveyed  by  the  United  States 
Coast  Survey  in  1839.  It  was  resurveyed  by  them  in  1855,  the  exten- 
sion in  the  intervening  time  having  been  1,000  feet,  or  at  the  rate  of  62^ 

*  Printed  as  House  Ex.  Doc.  No.  70,  44th  Congress,  Ist  session. 
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feet  per  annum.  Since  1855,  a  period  of  twenty  years,  our  survey  shows 
a  further  extension  of  650  feet,  or  32^  feet  per  annum.  The  distance 
from  the  point  at  present  to  the  main  channel,  in  the  direction  in  which 
the  point  is  now  making  out,  is  1,200  feet,  and,  with  the  decreasing  rate 
of  progression,  it  will  take  a  number  of  years  to  reach  it.  When  this 
limit  is  reached  it  will  become  necessary  to  arrest  its  further  extension 
by  catch-jetties. 

Little  Narragansett  Bay  serves  as  a  catch-basin  for  the  littoral  sands 
washed  in  by  the  ocean  waves,  and  thus  preserves  the  harbor  of  Ston- 
ington.  It  has,  however,  itself  become  filled  ud  across  the  middle 
part  so  as  to  afford  to  vessels  no  draught  greater  tnan  4^  feet  at  mean 
low- water.  On  the  south  half  of  this  shoal  it  is  sand,  brought  in  and 
swept  around  the  sand-spit  as  it  advanced ;  on  the  northern  part  it  is  mud. 
This  latter  is  necessarily  of  slow  growth,  and  an  adequate  channel,  once 
cut  through  it,  would  long  remain  open.  This  would  not  be  the  case 
with  a  channel  cut  through  the  sandy  portions,  which  would  be  under 
the  influence  of  further  deposits  of  sand  brought  around  the  sand-spit, 
and  also  liable  to  fill  up  in  the  sides  from  wave-action.  We  propose, 
therefore,  to  cut  through  the  shoal  as  far  away  from  the  sand-spit  and 
as  near  the  opposite  shore  as  practicable.  The  line  selected  follows  some 
natural  deep  places,  and  has  good  land-marks  by  contiguous  high 
points. 

This  proposed  route  is  at  considerable  distance  from  the  route  ordi- 
narily used,  passing  near  Dennison's  rocks,  through  the  middle  of  the 
bay  and  near  the  sand  deposits.  It  will  be  more  easUy  Improved,  will 
be  easier  to  And  and  follow  in  fogs  on  account  of  its  proximity  to  the 
shore,  and  will  avoid  the  danger  of  getting  on  Dennison's  rocks.  Some 
rocks,  not  in  the  channel  that  it  is  proposed  to  dredge,  will  need  re- 
moval, and  the  expense  of  this  is  included.  The  dredged  material  can  be 
dumped  in  the  south  part  of  the  bay  near  the  beach.  The  mean  rise  of 
the  tide  is  about  2.71  feet.  The  channel  proposed  will  be  200  feet  wide 
and  7i  feet  deep  at  mean  low- water.  The  whole  improvement  will  cost 
$51,000,  and  it  is  desirable  to  have  at  least  half  this  amount  to  begin 
the  work  with,  so  that  the  benefit  of  making  an  available  channel 
through  it  of  100  feet  width  can  be  had  the  first  year. 

This  bay  is  in  the  ooUeotion-districts  of  Providenoe  and  Stonington ;  the  latter  is 
the  nearest  port  of  entrv. 

The  revenae  coUected  daring  the  fiscal  year  ending  Jane  30, 1875j  was,  at  Stonington, 
12,376 ;  at  Providence,  $157,658.34. 

The  improvement  is  especially  beneficial  to  the  navigation  of  the 
Pawcatuck  Eiver  up  to  the  manufactories  and  granite  quarries  at 
Westerly.  The  United  States  have  been  improving  this  river  the  last 
four  years. 

Very  respectfully, 

G.  K.  Wabeen, 
Major  of  Engineers,  Brevet  Major-Oeneral  U.  8.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


REPORT  OF  MR.  H.  A.  BENTLEY,  ASSISTANT  ENOINEBR. 

Engineer's  Office,  UNrrED  States  Army, 

Neu^ort,  J2.  /.,  November  26, 1875. 

General:  I  have  the  honor  to  submit  the  following  report  of  the  Bnrrey  of  Little 
Narraffansett  Bay,  Rhode  Island  and  Connecticut,  made  in  accordance  with  yerbal 
directions  received  from  you.    This  report  is  divided  into  three  different  heads :  the  first 
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is  a  general  description  of  the  country  and  ahores  surronndiuj^  the  bay,  and  an  acconnt 
of  the  extension  of  Napatree  Point;  the  second  describes  the  surrey;  and  the  third 
treats  of  the  proposed  improTements. 

DESCRIPTION  OF  SUR^OUXDING  SHORES,  AC. 

Little  Narragansett  Bay  is  at  the  outlet  of  Pawcatnck  River,  and  is  between  Ston- 
inzton  and  Watch  Hill.  It  is  separated  from  the  ocean  by  a  sand-beach  joining  Watch 
Hul  and  Napatree  Point,  and  another  west  of  the  point,  the  whole  about  three  mileft 
long,  leaving  an  opening  between  its  end  and  Stonington  about  one  mile  wide. 

J^ginning  the  aescription  at  Stonington  Point,  which  makes  out  between  Stoning- 
ton Harbor  and  the  bay,  and  on  which  the  borough  of  Stonington  is  located,  the 
extreme  point  is  formed  of  a  deposit  of  bowlders  of  various  sizes.  From  here  around 
the  bay  to  the  railroad  the  shore  is  well  covered  with  bowlders,  with  some  marsh, 
and,  a  little  farther  back,  ledge-rock.  Along  the  railroad,  to  the  east  side  of  the 
Wicketequack  River,  the  shore  is  of  the  same  general  character.  Ledwood's  Island  is 
at  the  month  of  the  Wicketeauack ;  it  is  high  with  rock,  both  in  place  and  as  bowl- 
ders, and  is  connected  with  tne  main  shore  by  an  embankment  and  wooden  bridge. 
From  the  railroad,  along  the  east  bank  of  the  Wicketequack,  to  the  point  running  into 
the  bay,  the  shore  is  low  and  marshy,  with  a  ridge  of  high  land  about  300  feet l)ack. 
Between  this  ridge  and  Pawcatuck  Point  the  shore  is  generally  low  and  swampy,  with 
frequent  indentations  or  little  bays  of  water ;  this  marshy  country  runs  back  from  the 
bay  nearly  three-fourths  of  a  mile.  The  point  at  station  6,  and  the  one  between  it  and 
Pawcatuck  Point,  are  about  5  feet  higher  than  the  surrounding  marsh,  and  are  covered 
Tvith  brush  and  bowlders. 

At  Pawcatuck  Point  the  shore  forms  a  gradual  slope  up  from  the  water-line ;  it  is 
well  covered  with  bowlders. 

With  the  other  shore  we  will  commence  the  description  at  Rhodes's  Point,  across  the 
river  from  Pawcatnck  Point.  The  shore  is  well  covered  with  bowlders,  with  an  occa- 
sional low,  marshy  place ;  this  topography  continues  until  we  reach  Watch  Hill,  where 
the  land  only  differs  in  being  a  little  higher. 

Watch  Hill  Point  extends  into  the  ocean  about  1,600  feet ;  it  is  from  10  to  15  feet 
high,  and  is  covered  with  bowlders.  Running  out  from  Watch  Hill  in  a  westerly  direc- 
tion is  the  sand-beach,  which  runs  to  Napatree  Point,  before  referred  to ;  it  varies  in 
height  from  8  to  20  feet,  attaining  its  greatest  elevation  near  Watch  Hill.  It  is  cov- 
ered with  beach-grass  above  hign-water  line.  The  material  of  which  the  beach  is 
formed  is,  as  far  as  can  be  seen,  sand ;  except  on  the  ocean-side,  where  there  is,  just 
above  high-water  line,  a  narrow  strip  of  gravel.  At  Napatree  Point  there  is  an 
entirely  aifferent  formation.  A  knoll  about  25  feet  high  forms  the  extreme  point ; 
there  are  bowlders  cropping  out  over  the  surface ;  and  a  section  through,  that  is.  as 
much  aa  can  be  seen  from  the  steep  bank  toward  the  Sound,  shows  it  to  be  full  of 
rocks.  The  surface  of  this  knoll  is  covered  with  ordinary  field-grass ;  the  soil  is  much 
richer  than  that  on  the  beach,  and  will  grow  ordinary  kitchen  vegetables. 

This  mound,  which  is  about  800  feet  long  by  400  feet  wide,  has  every  appearance  of 
having  formerly  been  an  island,  to  which  the  beaches  were  In  the  course  of  time 
joined.  It  is  only  at  the  two  probable  points  of  junction  that  either  of  the  beaches 
show  any  signs  of  breaches.  At  one  (cross-section  4  on  map)  the  ocean,  during  storms, 
has  been  known  by  the  people  of  the  vicinity  to  break  through  the  beach  and  main- 
tain a  connection  with  the  waters  of  the  bay  for  several  hours.  At  the  other  place 
(cross-section  5)  there  is  every  physical  evidence  of  the  same  thing  having  occorred, 
but  it  is  sustained  by  no  witnesses.  The  ^'oldest  inhabitant'^  recollects  an  opening 
near  Watch  Hill,  (cross-section  1,)  through  which  small  boats  could  pass.  The  beach 
at  this  place,  however,  shows  no  evidences  of  any  such  break. 

Northeast  of  the  knoil,  and  forming  part  of  Napatree  Point,  there  is  a  low  swampy 
place,  separated  from  the  bay  bv  a  low  sandy  beach.  Northerly  from  Napatree  Point, 
and  aboot  at  right  angles  with  the  first  beach,  extends  the  second  to  Sandy  Point 
Beach.  It  is  much  lower  than  the  first  beach,  at  no  place  being  more  than  9  feet 
high.  It  is  about  a  mile  and  a  half  long.  There  .is  a  pond  near  the  upper  end,  with  2i 
feet  of  water  at  the  time  of  survey,  June,  1875.  The  upper  end  of  this  beach  is  known 
as  Sandy  Point. 

It  is  constantlv  extending,  as  shown  by  the  surveys  of  1839,  1856,  and  1875. 
Between  1839  and  1855  it  extended  1,000  feet,  being  at  the  rate  of  62^  feet  per  year. 
Between  1855  and  1875  it  extended  650  feet,  or  at  the  rate  of  32i  feet.  It  probably 
has  a  decreasing  rate  of  growth,  as  the  opening  between  it  and  the  opposite  side  nar- 
rows. There  is  an  exception  to  this,  shown  in  the  form  of  the  beacn  made  between 
the  years  1839  and  1855,  where  it  is  of  so  much  less  width  than  that  immediately  pre- 
ceding and  following  it,  that  it  would  seem  to  indicate  a  rapid  growth. 

The  crest  of  the  bar  on  the  inside,  opposite  Sandy  Point,  the  upper  end  of  which  is 
known  as  White  Bar,  shows  an  indentation  of  deep  water,  which  seems  to  indicate  a 
lack  of  time  in  the  process  of  filling  up ;  that  is,  a  rapid  growth  of  the  beach  was 
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followed  by  a  corroBpondinp^  srowth  in  direction  of  the  bar,  and  the  beach  subsequently, 
when  growing  more  slowly  In  len^h  but  increasing  in  breadth ,  was,  as  may  be  seen 
from  the  map,  followed  by  the  bar,  leaving  the  indentation  mentioned. 

SURVEY. 

The  survey  of  the  bay  was  commenced  Jnne  11, 1875.  It  was  extended  slightly 
beyond  the  limits  prescribed  in  the  bill  ordering  it,  viz,  "  fix>m  Dennison's  Rock  to 
Rhodes's  Folly,"  in  order  to  take  in  obstructions  that  the  prescribed  space  would  not 
cover,  and  also  to  connect  with  the  surveys  of  Pawcatuck  River  and  Stonington  Har- 
bor, previously  made  under  your  direction.  The  survey,  as  thus  made,  gives  us,  by  its 
connections,  a  complete  map  from  Westerly  to  Stonington  Harbor,  inclusive. 

A  line  was  first  measured  on  Sandy  Point  Beach  to  serve  as  a  primary  base-line  of 
the  system  of  triangnlation,  with  which  the  area  to  be  surveyed  was  covered. 

The  accuracy  of  the  triangulations  was  tested  by  a  measured  base  on  the  other  end 
of  the  system,  the  measured  distance  being  only  ]^  of  a  foot  different  from  the  same 
line  as  calculated  by  using  the  primary  base,  and  carrying  the  calculations  through 
the  system  to  this  test-base.  The  triangnlations  were  made  with  an  ordinary  transit, 
and  the  small  difference  between  the  measured  and  the  calculated  distance  is  as  near 
an  agreement  as  could  be  expected  with  the  instruments  used,  and  for  all  practical 
purposes  it  is  just  as  good  as  a  perfect  agreement,  the  error  being  a  less  distance  than 
can  be  shown  by  the  scale  on  which  the  survey  isplatted.  Connections  were  made  by 
triangulation  with  the  Coast-Survey  station  at  watch  Hill,  and  with  the  Stonington 
and  Watch  Hill  Lights. 

On  the  completion  of  the  triangnlations  traverse  lines  were  run,  or  soundings  made, 
as  the  weather  was  more  favor^le  for  the  one  than  the  other.  The  traverse  lines 
were  run  around  the  shores  to  take  the  topography,  and  they  were  connected  with  the 
triangulation  stations. 

The  soundings  were  located  by  two  instruments  measuring  angles  to  them  from  the 
ends  of  known  bases.  These  bases  were,  as  a  general  thing,  &e  sides  of  triangles, 
forming  part  of  the  system  of  triangulation. 

Sections  of  Napatree  and  Sandy  Point  beaches  were  taken  at  characteristic  points  by 
the  ordinary  method  of  leveling.  The  soundings  and  sections  were  referred  to  the 
mean  low-water  plane  established  in  1671,  in  tne  survey  of  Stonington  Harbor.  A 
tide-gauge  was  set  up  at  Watch  Hill  Landing  and  read  simnltaneouslv  with  one  at 
Stonington.  No  regular  differeuce  was  observed  between  the  rise  and  tall  of  the  tide 
at  the  two  places,  excepfin  time,  high  and  low  water  occurring  about  30  minutes  later 
at  Watch  Iiill.  The  rise  and  £Edl  would  sometimes  vary  ^^  foot,  but  generally  it  was 
within  fftrr  foot*  The  mean  rise  and  fall  of  tide,  according  to  the  observations  of  1871, 
is  2.71  feet  The  map  of  this  survey  is  platted  on  a  scale  of  400  feet  to  the  inch.  On 
this  map,  besides  the  soundings,  topography,  &c.,  are  shown  the  characteristic  sections 
of  the  beaches.  Horizontal  scale,  100  feet  to  the  inch ;  vertical  scale,  50  feet  to  the  inch. 
Also  a  detached  plan  of  Sandy  Point  l>dlow.  same  scale  as  the  general  map,  which 
shows  the  different  phases  of  the  beach  in  1839, 1855,  and  1875.  The  surveys  of  the  first 
two  years  were  made  by  the  United  States  Coast  Survey. 

The  triangulation  stations  are  indicated  on  the  map  by  letters,  the  traverse  station 
by  numbers.  A  description  of  the  bench-mark  established  at  Watch  Hill  for  a  low- 
water  reference  will  be  found  on  the  map.  The  bench-mark  is  the  highest  point  of 
a  larffe  bowlder  at  Watch  Hill  Landing ;  it  is  12.07  feet  above  mean  low- water.  The 
bench-mark  at  Stonington  described  in  the  report  on  the  snrvev  (see  Report  Chief 
of  Engineers,  1872,  page  919)  as  the  lowest]  step  at  the  west  door  of  bght-house, 
was  found  by  comparison  with  other  bench-marks  given  in  the  same  report  to  be  not 
the  lowest  step,  but  the  next  one  above. 

The  soundinffs  made  show  a  depth  of  7^  feet  at  mean  low- water,  making  in  from  the 
Sound  for  a  distance  of  1,800  feet  above  Sandy  Point.  A  corresponding  depth  also 
makes  down  from  the  mouth  of  the  Pawcatuck  to  within  1,200  feet  of  the  beach  at 
Napatree  Point.  These  two  channels  are  separated  from  each  other  by  about  4^500  feet 
in  length  of  shallow  water,  of  3i  to  4i  feet  deep,  covered  for  the  most  part  with  eel- 
srass.  The  bottom  in]  the  vicinity  of  White  Bar  is  sand,  while  along  the  north  shore 
U  is  soft  mud,  with  scatteriuff  bowlders  along  the  shore-line.  A  line  from  Tennison's 
rocks  to  the  south  end  of  Ledwood's  Island  is  the  course  of  the  deepest  water  across 
the  above-mentioned  shoal,  and  is  the  course  taken  by  vessels  navigating  the  bay. 

ZMPROVElOEin^  NEBDXD. 

To  connect  the  deep  water  on  either  side  of  the  shoal,  and  maintain  the  connection, 
is  the  principal  improvement  sought.  The  appearance  of  eel-grass  on  the  shoal  indi- 
cates that  there  is  no  shoaling  to  be  feared  from  shifting  sands,  except  as  the  bar  inside 
Sandy  Point  encroaches.  To  escape  this  danger,  the  proposed  channel  to  be  made  by 
dredging  was  located  by  yon  along  the  north  shore  of  the  bay.  It  united  with  this 
advantage  that  of  being  close  enough  to  the  shore  to  give  good  sailing-ranges.    The 
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coet  of  makiDg  the  channel  here  woald  be  about  the  same  as  one  made  where  the  pres- 
ent channel  is. 

The  proposed  channel  is  200  feet  wide  and  7^  deep  at  mean  low-water. 

The  interests  asking  an  improTement  at  this  place  are  the  commerce  of  Westerly,  at 
the  head  of  nayigation  in  the  Pawcatnck  Biver,  and  the  steamboat  interest  of  Watch 
Hill. 

The  General  Qovemment  has  already  improved  Pawcatnck  River  to  a  draught  of  5^ 
feet  at  mean  low-water,  a  foot  more  than  can  be  bronght  across  the  bay.  The  full 
benefit  will  not  be  derived  from  this  completed  improvement  until  a  greater  depth  is 
made  in  the  bay.  A  greater  draught  was  made  in  the  Pawcatnck  than  could  be  taken 
across  the  shoal  at  its  mouth,  for  tne  reason  that  all  navigation  here  is  done  at  high- 
water,  and,  when  getting  through  the  bay  at  that  stage  of  tide,  the  tide  in  the  upper 
part  of  the  river  would  be  falling  before  a  vessel  could  reach  there. 

In  the  proposed  improvements  of  the  bay,  the  estimates  have  been  made  for  a  draught 
of  7^  feet  at  mean  lowr water ;  this  will  allow  vessels  to  come  over  the  bay  earlier  and 
give  them  plenty  of  time  to  get  to  Westerly  before  the  tide  turns.  It  will  also  allow 
greater-draught  vessels  than  can  get  to  Westerly  to  take  advantage  of  the  tide  and  get 
as  far  as  Lottery  before  lightering  to  go  above.  The  lightering  is  now  done  at  Ston- 
ington,  four  or  five  miles  away  by  water. 

The  material  along  the  line  of  the  proposed  channel  is  soft  mud  and  sand,  except 
at  Pawcatnck  Point,  where  for  a  distance  of  about  300  feet  there  is  a  layer  of  sheUs 
over  the  mud,  and  with  bowlders  of  various  sizes  interspersed.  The  size  of  the  bowl- 
ders could  not  be  estimated  accurately,  as  in  many  instances  but  a  part  of  the  surfaces 
were  above  the  bottom ;  a  rough  estimate  would  be  from  5  to  20  tons. 

Besides  the  making  of  a  channel  through  the  bay,  an  improvement  is  needed  at 
Rhodes's  Polly.  The  "  Folly ''  is  a  heap  of  small  stone  placed  in  the  side  of  the  chamnel, 
and  which  formerly  served  as  the  foundation  of  a  building  put  there  to  evade  the 
liquor-law.  The  site  of  the  building  was  supposed  at  the  time  it  was  built  to  be  the 
dividing-point  of  the  three  States,  New  York,  Connecticut,  and  Rhode  Island.  The 
channel  at  this  place  is  barelv  200  feet  wide,  with  a  sharp  turn  in  it.  The  removal 
of  about  75  feet  of  the  "  Folly  "  would  very  much  help  the  place,  and  would  not  be  very 
expensive. 

Northeast  of  the  *'  Folly  "  are  two  large  rocks,  probably  bowlders,  of  about  40  tons 
each ;  one  is  directly  in  the  channel  and  the  other  on  the  edge.  There  is  but  4.50  feet  of 
water  at  mean  low- water  at  the  shoalest  places  on  these  rocks,  and  they  are  a  source  of 
great  danser  and  trouble.  An  estimate  for  the  removal  of  these  rocks  and  the  improve- 
ment of  the  "  Folly ''  is  added  further  on  in  this  report. 

The  only  other  obstruction  which  was  discovered  during  the  survey  is  a  clump  of 
rocks  in  the  cove  at  Watch  Hill  Landing.  The  steamer  Massasoit  struck  on  these 
rocks  a  few  vears  ago  and  sunk  at  the  wharf  at  Watch  Hill,  with  barelv  time  to  land 
several  hundred  passengers  on  board  at  the  time.  The  rocks  are  small ;  the  largest 
being  probably  less  than  4  tons,  and  there  are  only  a  few  of  them.  An  estimate  for 
their  removal  is  added. 

The  material  dredged  during  the  proposed  improvement  could  all  be  deposited  inside 
the  beach  at  the  deep  water  near  Napatree  Point. 

ESTIMATE  FOR  THE  ENTIRE  IMPROVEAfENT. 

For  a  channel  across  flats,  2,600  feet  wide,  7i  feet  deep  at  mean  low- water, 
would  re<)uire  the  removal  of — 

190,000  cubic  yards  sand  and  mud,  at  18  cents  per  cubic  yard |34, 200 

12,000  cubic  yards  sheUs  and  rocks,  at  75  cents  per  cubic  yard 9, 000 

For  dredging  at  Rhodes's  Folly  to  make  an  increased  width  of  75  feet : 

4,000  cubic  yards,  at  30  cents  per  cubic  yard 1,200 

Removal  of  rocks  near  "Folly" 700 

Removal  of  rocks  at  Watch  Hill  Laoiding 200 

Superintendence  and  contingencies 5,700 

Total 51,000 

I  was  assisted  on  the  survey  by  Messrs.  L.  S.  Chase  and  William  P.  Jewett,  assistant 
eoffineers. 
fiespectfnlly  submitted. 

H.  A.  BSNTLBT, 

Aaaiatant  Engineer, 
GeLeral  G.  K.  Warren, 

Major  of  Engineers,  U.  S.  A, 
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APPENDIX  C.       J 

ANNUAL  REPORT  OF  MAJOR  J.  W.  BARLOW,  CORPS  OP 
ENGINEERS,  FOR  THE  FISCAL  YEAR  E>?DING  JUNE  30, 
1876. 

Engineer  Office,  United  States  Army, 

New  Londofiy  Conn.^  July  13, 1876. 

General  :  1  have  the  honor  to  transmit  herewith  the  reports  of  river 
and  harbor  works  in  my  charge  for  the  fiscal  year  ending  Jane  30, 1876. 
Very  respectfully,  your  obedient  servant, 

J.  W.  Barlow, 
Major  of  Engineers,  U,  8,  A, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U,  8.  A. 


C  I. 

STONINGTON  harbor,  CONNECTICUT. 

At  the  writing  of  my  last  annaal  report,  dredging  in  Stouington  Har- 
bor was  in  progress  ander  a  contract  with  Mr.  Morris  F.  Brainard,  of 
Albany,  N.  Y.,  dated  August  26, 1874,  and  expiring  June  30, 1875.  By 
an  extension  of  the  time  of  completion,  the  contractor  was  allowed  until 
October  1, 1875,  to  finish  the  work.  The  contract  was  completed  Sep- 
tember 23, 1875 ;  118,422  cubic  yards  of  material  having  been  removed. 
The  depth  made  was  12  feet  at  mean  low-water,  and  the  area  of  anchor- 
age-ground of  that  depth  was  increased  22.1  acres.  In  this  connection 
I  quote  from  the  report  of  Mr.  G.  G.  Almy,  inspector  of  the  work : 

The  favorable  effects  of  the  work  are  already  felt,  both  by  vessels  seeking  temporary 
shelter  and  those  arriving  with  freight  either  for  Stonington  or  Westerly,  which  is  con- 
siderably dependent  npou  the  facilities  offered  by  this  harbor.  All  partis  of  the  harbor 
are  more  accessible  bv  reason  of  this  improvement,  there  is  more  working  room  for  the 
management  of  vessels  while  entering  or  leaving,  they  are  not  crowded  so  closely  when 
at  anchor  as  to  be  liable  to  injury  by  swinging  together,  nor  exposed  to  the  risk  of  col- 
lision with  steamers  by  encroaching  upon  the  channel  leading  to  the  railroad-docks. 

As  a  farther  means  of  securing  the  safety  of  vessels  while  in  this  harbor,  it  may  per- 
haps be  advisable  to  remove  the  olaster  of  rocks  on  the  west  side  of  Wampasset  Chan- 
nel. Their  position  is  at  present  marked  by  2  piles  driven  some  years  since  for  the 
protection  of  the  steamers  of  the  New  York  and  Stonington  line,  which  at  that  time 
habitually  used  that  channel,  but  these  piles  are  at  most  onlv  temporary  safeguards, 
and  as  no  one  is  specially  responsible  for  their  maintenance  they  wiU  soon  decay  and 
disappear. 

There  is  from  4  to  6  feet  of  water  over  the  rocks  at  low-tide.  The  cost  of  their  re* 
moval  would  be  slight  compared  with  the  damage  they  are  liable  to  cause. 

For  the  past  year  an  appropriation  of  $25,000  was  made  by  act  of  Con- 
gress approved  March  3, 1875. 

A  Board  of  Engineers  was  convened  to  decide  upon  the  most  expe- 
dient plan  for  making  a  harbor  of  refuge  at  this  place;  they  reported 
three  projects,  giving  preference  to  the  first,  which  was  adopted.  The 
total  amount  estimated  for  the  completion  of  this  project  was  $231,536, 
of  which  $213,536  was  for  the  construction  of  a  breakwater  running 
southeasterly  283  yards  across  Wampasset  Shoal,  thence  easterly  400 
yards.    The  other  $18,000  was  estimated  for  dredging. 

Before  the  convening  of  the  Board  of  Engineers,  specifications  for  a 
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breakwater  on  the  soath  end  of  Pengnin  Shoal  had  been  issued  in  accord- 
ance with  a  project  previously  approved. 

On  the  22d  of  Jane,  a  week  before  the  session  of  the  Board,  proposals 
were  opened.  In  view  of  a  possible  change  in  the  location  of  the  work 
an  opportunity  was  then  afforded  each  contractor  to  withdraw  his  bid, 
although  the  conditions  as  regards  depth  of  water,  exposure,  &c.,  were 
practically  the  same  on  Wampasset  as  on  Penguin  Shoal.  No  bids  were 
withdrawn,  and  the  lowest  was  presented  by  Mr.  J.  Schuyler  Crosby,  of 
New  York,  being  f  1.45  per  tjon.  Mr.  Crosby  consented  to  do  the  work 
in  the  manner  prescribed  by  the  report  of  the  Board  of  Engineers,  and 
a  contract  with  him  was  drawn  up  August  1^  1875,  to  expire  July  1, 1876. 
Work  under  this  contract  was  begun  August  17, 1875,  on  the  northwest 
end  of  the  breakwater,  in  water  averaging  about  3.5  feet  depth.  With 
the  approval  of  the  Chief  of  Engineers,  U".  8.  A.,  the  coping  provided 
for  in  the  project  was  omitted  from  this  year's  work. 

The  breakwater  was  continued  for  a  length  of  770  feet,  ending  in  water 
of  15  feet  depth. 

The  total  amount  of  stone  delivered  was  14,507  tons,  and  the  contract 
was  completed  May  23, 1876. 

There  yet  remain  of  the  approved  project  53,618  cubic  yards  of  rip- 
rap to  be  put  in,  at  an  estimated  cost  of  $3  per  yard. 

The  work  of  the  past  year  was  done  much  below  the  estimated  figures ; 
and  equally  low,  or  possibly  lower,  rates  could  be  secured  again  if  the 
appropriation  were  large  enough  to  invite  competition. 

Fifty  thousand  dollars  could  be  expended  to  advantage  for  the  year 
ending  June  30, 1878. 

Stonington  Harbor  is  in  the  StoniDgton  collection-district ;  the  amount  of  revenue 
collected  there  daring  the  fiscal  year  ending  Jane  30, 1876,  was  $1,283.66. 

In  a  report  dated  December  18, 1871,  accompanied  with  a  map  of  sur- 
vey. Major  Warren  submitted  estimates  chiefly  with  a  view  to  construc- 
tion of  a  breakwater  from  Stonington  Point  and  a  sea-wall  from  Wam- 
passet Point.  The  first  appropriation  made  after  this  report  was  speci- 
fied as  ^^  for  dredging  in  Stonington  Harbor,"  and  was  applied  to  making 
a  depth  of  12  feet  between  the  old  breakwater  and  the  steamboat-dock. 
The  next  appropriation  was  applied  to  the  removal  of  the  upper  end  of 
Pengxiin  Shoal,  and  was  exhausted  in  September,  1875.  The  last  appro- 
priation was  expended  as  described  in  this  report,  in  accordance  with 
the  project  of  a  Board  of  Engineers  convened  in  June,  1875,  to  devise  a 
plan  of  permanent  improvement.  The  result  of  the  work  of  the  two 
previous  years  was  utilized  in  this  project  as  part  of  the  increased  an- 
chorage-ground provided  for. 

Following  is  a  list  of  the  several  appropriations  since  the  report  on 
the  survey  of  1871 : 

March  3, 1873.— Dredging  between  old  hreak water  and  steamboat  dock $25, 000 

Jane  23, 1674.— Dredging  on  Pengain  Shoal 20,000 

March  3, 1875. — Commencement  of  breakwater  at  Wampasset  Shoal 25, 000 

Money  statement 

Amount  available  July  1, 1875 $37,489  52 

Amount  expended  daring  fiscal  year  ending  Jane  30, 1876 36, 529  77 

Amoant  available  Jaly  1,  1876 959  75 

Amoant  (estimated)  required  for  completion  of  existing  project..... 206,536  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878 .    50, 000  00 
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C  2. 

NEW  HAVEN  HABBOR,  CONNECTICUT. 

By  act  of  Congress,  approved  March  3,  1875,  $10,000  was  appro- 
priated for  the  improvement  of  'Sew  Haven  Harbor. 

Advertisements  were  made  inviting  proposals  lor  widening  the  chan- 
nel between  Long  wharf  and  Belle  dock.  Bids  were  open^  June  22, 
1875,  and  the  contract  awarded  to  Mr.  Emory  B.  Seward,  of  Albany, 
N.  Y.,  he  being  the  lowest  bidder. 

Work  was  commenced  March  23,  1876,  with  one  dredge,  of  the 
Osgood  pattern.  June  19  a  second  dredge  arrived,  bat  has  been 
hindered  in  her  work  by  want  of  scows.  At  the  close  of  the  fiscal  year, 
43,606  cubic  yards  of  sand  and  mnd  have  been  removed  from  the  chan- 
nel, making  it  315  feet  wide  and  13  feet  deep  at  mean  low- water. 

The  contract  is  now  about  one-half  performed;  its  completion  will 
give  a  width  in  the  13-foot  channel  of  400  feet. 

The  price  for  the  work  being  very  low,  a  recommendation  that  the 
contract  be  extended  three  months  was  approved,  and  the  work  is  still 
in  progress. 

In  a  letter  dated  January  27, 1875,  and  printed  in  Appendix  Z  of  the 
annual  report  of  the  Chief  of  Engineers  for  1875,  estimates  were  sub- 
mitted for  widening  and  deepening  the  main  channel,  and  for  a  break- 
water near  the  entrance  to  the  {harbor.  To  these  I  would  respectfully 
refer,  renewing  my  recommendation  therein  contained. 

New  Haven  is  the  port  of  entry  of  the  collection-district  of  New  Haven.  The 
amount  of  revenue  collected  there  daring  the  fiscal  year  ending  June  30, 1876,  was 
$;385,n6.64. 

Since  the  last  project  was  submitted  and  approved,  January  27, 1875, 
the  only  appropriation  made  was  the  one  of  act  approved  March  3, 1875. 
Its  expenditure  is  described  in  this  report. 

The  following  amounts  have  been  appropriated  and  expended  since 
1866: 

Jnly  11, 1870.— Work  on  Middle  Bock,  and  beginning  at  13-foot  channel, 
200  feet  wide  from  Fort  Hale  to  Long  wharf;  and  100  feet  wide  to  Belle 
dock $15,000  00 

March  3, 1871. — Completing  the  above  channel  and  working  on  Lndington 
Rock 40,000  00 

Jane  10, 1872.— Beginning  channel  200  feet  wide,  16  feet  deep,  fh>m  Fort 
Hale  to  light-house 20,000  00 

Oflil 


Removal  of  Xndington  Rock 15,000  00 

March  3, 1873. — Completing  channel  fh)m  Fort  Hale  to  light-honse,  and 

widening  channel  m>m  £ong  wharf  to  BeUe  dock 25,000  00 

March  3, 1875.— Widening  to  400  feet  channel  from  Long  wharf  to  Belle 

dock 10,000  00 

LUDDINGTON  BOCK. 

Accompanying  my  letter  of  Janaary  11, 1876,  was  transmitted  a  map 
of  a  sarvey  of  tiie  rock,  made  in  Aagast,  1875,  and  showing  that  294 
cnbic  yards  of  sand,  loose  stone,  and  rock  yet  remain  to  be  removed  be- 
fore the  required  depth  is  fully  attained.  This  the  contractor  has  re- 
peatedly expressed  his  intention  of  removing.  He  has  been  delayed 
during  the  spring  by  other  works,  but  now  promised  to  begin  opera- 
tions daring  the  month  of  July,  No  work  has  been  done  on  the  rock, 
and  its  condition  is  the  same  as  at  the  time  of  my  last  report ;  its  loca- 
tion is  now  marked  by  a  can-buoy. 

No  appropriation  is  required  for  next  fiscal  year. 

Money  statement 

Amount  available  July  1, 1875 $16,237  29 

Amount  expended  during  the  fiscal  year  ending  June  30, 1876 4, 539  95 

Amount  available  July  1, 1876,  including  |2,496.21  due  on  contracts 11, 697  34 
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C3. 

MILFORD  HARBOR,  CONNECTICUT. 

A  contract  was  entered  into  on  the  3d  of  August,  1875,  with  Mr.  Sid- 
ney F.  Shelbourne,  of  New  London,  Conn.,  to  dredge  a  channel  100  feet 
\ride  and  4  feet  deep  at  mean  low-water  across  the  bar  at  the  upper  end 
of  the  harbor,  to  a  point  opposite  Mr.  W.  M.  Merwin's  dock.  For  this 
purpose  $6,000  was  set  apart  from  the  appropriation  of  $13,000,  the 
remainder  being  applied  to  the  construction  of  jetties.  The  contractor 
removed  623  cubic  yards  in  October,  and  then  delayed  further  opera- 
tions until  the  30th  of  March,  1876.  The  total  amount  removed  to  the 
close  of  the  fiscal  year  was  18,799  cubic  yards,  being  a  little  over  one- 
half  of  the  contract. 

A  two-mouths'  extension  of  the  contract  has  been  granted,  and  work 
is  still  in  progress. 

The  small  jetties'that  were  built  along  the  shore  to  retain  the  drifting 
sand  and  gravel  worked  so  effectually,  that  the  accumulated  material 
threatened  to  raise  the  level  of  the  beach  above  that  of  the  jetties,  and 
it  was  found  necessary  to  build  the  shore  ends  higher  5  this  was  done  in 
August,  1875,  adding  a  height  of  3  feet  at  high-water  mark. 

By  a  violent  storm  on  February  14, 1876,  some  of  these  jetties  were 
injured ;  the  damage  was  not  great ;  they  were  repaired  at  small  ex- 
pense, and  the  bases  widened  so  as  to  be  more  substantial  than  before. 

On  the  1st  of  September  the  construction  of  the  long  jetty  at  the 
mouth  of  Indian  Eiver  was  begun,  work  being  done  by  day's  labor,  and 
material  being  obtained  from  the  vicinity.  This  jetty  will  be  completed 
during  the  month  of  July.  It  is  550  feet  long,  6  feet  wide  on  top,  and 
from  16  to  18  feet  wide  at  the  base,  and  lO.J  feet  high.  It  contains 
(June  30, 1876)  3,698  tons  of  stone,  with  about  300  tous  yet  required  to 
finish  it.  The  completion  of  this  jetty  and  of  the  channel  now  being 
dredged  will  complete  the  plan  as  originally  designed  for  improving  the 
upper  harbor. 

The  extent  of  the  channel  to  be  made  under  the  present  contract  is 
such  as  to  be  of  benefit  to  parties  owning  docks  at  the  mouth  of  the 
Wepanwog  Eiver,  but  its  use  to  the  town  in  general  would  be  greatly 
augmented  by  carrying  the  channel  up  to  the  to\<^n  docks  an  additional 
length  of  about  one-half  mile,  involving  the  removal  of  45,000  cubic 
yards  of  mud,  at  20  cents  per  yard,  $9,000. 

If  it  appears  advisable  to  commence  the  construction  of  a  breakwater 
at  Welch's  Point,'  with  a  view  to  creating  a  harbor  of  refuge  at  this 
place,  $55,000  could  be  expended  to  advantage  during  the  year  ending 
June  30, 1878.  The  reasons  for  advocating  this  scheme  were  considered 
in  my  last  annual  report,  and  still  exist. 

Milford  is  in  the  New  Haven  collection  district,  New  Haven  being  the  nearest  port 
of  entrv.  The  amount  of  revenue  coUected  there  daring  the  fiscal  year  ending  Jane 
30,  1^6,  was  *:385,116.64. 

June  23, 1874,  $5,000  was  appropriated  for  improving  Milford  Har- 
bor, and  was  expended  in  building  jetties  along  the  eastern  shore, 
^larch  3,  1875,  $13,000  was  appropriated  and  has  been  expended  as 
stated  in  this  report.  This  is  all  the  work  ever  done  by  the  General 
Government  in  improving  the  harbor  of  Milford,  Conn. 

Money  statement, 

Amonnt  available  July  1, 1875 $13,059  11 

Amoant  expended  during  fiscal  year  ending  June  30,  1876 8, 352  46 

Amonnt  available  Jnly  1,  1876,  including  $1,399.95  due  on  contracts 4, 706  65 

J^monnt  (estimated)  required  for  completion  of  existing  project 64, 000  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  64, 000  00 

15  B 
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C  4. 

HOUSATOXIC  RIVER,  CONNECTICUT. 

At  the  date  of  my  last  annual  report  work  was  in  progress  at  Cro- 
fat^s  Bar,  msU^ing  the  channel  80  feet  wide  and  7  feet  deep  at  mean  low 
water.  After  completion  of  this  work  it  was  found  necessary  to  dred<re 
on  the  shoal  that  forms  below  Drew^s  Rock  jetty,  and  during  July,  1875, 
1,636  cubic  yards  were  removed.  This  shoal  has  now  been  dredged 
off  4  times,  and  in  the  event  of  its  forming  again,  1  propose  to  cut 
through  it,  so  that  the  cut  shall  strike  the  main  channel  at  some  dis- 
tance below  the  jetty,  avoiding  the  abrupt  turn  of  the  present  channel 
and  probably  destroying  much  of  the  bad  effect  of  the  current,  which 
now  forms  an  eddy  below  Drew's  Eock,  and  stirs  up  the  material  which 
creates  the  shoal.  Each  new  formation  of  the  shoal  seems  to  occur  at 
a  slower  rate  than  the  preceding  one,  and  since  last  July  it  has  not  in- 
creased sufficiently  to  become  a  serious  obstacle. 

An  examination  made  early  in  June  showed  no  remarkable  changes 
since  last  year.  The  worst  feature  was  the  shoaling  of  what  was  known 
as  Drew  s  Bar,  about  500  feet  above  Drew's  Rock,  and  a  dreilge  was  im- 
mediately placed  at  work  there.  At  the  point  where  the  channel  crosses 
the  river,  just  below  Sow  and  Pigs  Rock,  and  one-half  mile  below 
Derby,  there  has  been  some  filling ;  this  will  be  exciivated.  It  seems 
probable  also  that  Mill  Bar  will  require  some  work.  On  the  whole  the 
effects  of  the  winter  have  not  been  as  damaging  as  might  have  been 
esi>ected.  I  have  prepared  and  transmit  herewith  a  map  of  the  whole 
river  from  Huntington  bridge,  the  extreme  head  of  navigation,  to  Long 
Island  Sound,  on  a  scale  of  1,000  feet  to  the  inch.  The  contours  show 
the  locations  of  all  the  shoals,  and  it  will  be  observed  that  with  the  ex- 
ception of  the  one  above  Drew's  Rock,  they  all  occur  at  or  immeiliately 
below  places  where  the  channel  crosses  from  one  bank  to  the  other.  It 
is  a  fact  worthy  of  note,  that,  without  exception,  the  channel  lies  on  the 
side  of  the  river  where  the  shore  is  steeliest,  and  the  depth  of  the  chan- 
nel seems  to  vary  approximately  with  the  ratio  of  the  steepness  of  the 
sides. 

Work  on  this  river  has  been  done  by  a  dredge,  and  apparatus  hired 
bv  the  dav. 

I  recommend  an  appropriation  of  85,000  for  the  puq>ose  of  keeping 
the  depth  of  7  feet  secure  against  the  action  of  fieshets.  A  small  ap- 
propriation every  year  will  keep  this  river  in  very  navigiible  condition. 

Housa tonic  River  is  the  dividinp-lino  between  New  Haven  and  Fairfield  count ies- 
Bridp-jHirt  is  the  ne^iresi  iH)rt  of  entry,  \rhere  the  revenue  oolitx-ied  during  the  past 
ti9<:ai  year  was  4.I»2.o3. 

The  fallowing  appropriations  have  been  made  for  improvements  on 
this  river : 

March  3,  1-71 $15.i>:«0 

June  IM.  l*Ti loa^M 

March  o.  l-7;i l«Mi<i> 

Jnne  e:^  1-74 10.«»00 

March  ;>,  IrTo 5,tH.i» 

Total 5o,iXO 

The  wing-dam  at  Sow  and  Pigs  Kock  was  built  in  1S71;  that  at 
Drew's  Bock  in  1S72:  the  rest  of  the  money  has  been  ex^^ended  in 
dredging  at  various  times  at  Huntington  Landing,  Two  Mile  Island, 
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Crof ut's  Bar,  Drew's  Bar,  below  Drew's  Rock,  Mill  Bar,  and,  kn  1873,  in 
removing  a  cluster  of  small  stones  and  shells  known  as  ^^The  ballast." 

Money  statement. 

Aipount  available  July  1,1875 $8,950  05 

Amount  expended  during  fiscal  year  ending  June  30, 1876 4, 489  94 

Amount  available  July  1,  1876 4,460  11 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  10, 000  00 


C5. 

BRIDGEPORT  HARBOR.  CONNECTICUT. 

The  appropriation  of  $15,000  by  act  approved  March  3, 1875,  was  ex- 
pended in  making  a  channel  100  feet  wide,  and  12  feet  deep  at  mean 
low-water.  The  contract  for  this  work  was  completed  in  December,  1875. 
This  depth  will  prove  sufficient  for  the  wants  of  the  city  for  some  time 
to  come,  but  in  order  to  make  it  of  practical  use,  the  channel  should  be 
made  at  least  300  feet  wide,  and  with  this  object  in  view  I  recommend 
that  $25,000  be  asked  for  for  the  next  fiscal  year.  The  total  amount  neces- 
sary for  the  completion  of  sach  a  channel  is  $46,000.  Estimates  are 
given  in  detail  in  the  report  of  Mr.  W.  W.  Starr,  jr.,  assistant  engineer, 
which  is  transmitted  herewith. 

During  the  coming  autumn,  should  any  funds  be  available,  I  shall 
make  a  careful  examination  of  the  harbor  to  determine  what  has  been 
the  effect  of  the  jetty,  and  to  ascertain  whether  it  is  desirable  to  carry 
it  out  into  deeper  water. 

Bridgeport  is  the  port  of  entry  of  the  Fairfield  collection-district.  The  amount  of 
revenue  collected  there  during  the  fiscal  year  ending  June  30, 1876,  was  $4,302.33. 

In  a  letter  of  January  12, 1871,  a  plan  was  submitted  with  estimates 
for  a  line  of  dolphins,  extending  2,600  feet  from  shore,  with  a  jetty  be- 
tween high  and  low  water  marks ;  also  for  dredging  a  channel  14  feet 
deep  and  200  feet  wide,  the  total  estimated  cost  being  $196,000.  Sub- 
sequently it  was  decided  to  substitute  for  the  line  of  dolphins  a  riprap 
jetty,  which  in  1872  and  1873  was  carried  out  a  length  of  1,380  feet. 
Further  work  on  the  jetty  was  then  suspended  on  account  of  the  imper- 
ative need  of  an  increased  depth  and  width  of  channel.  By  reason  of 
the  large  cost  of  dredging  to  14  feet  depth,  it  seemed  advisable  to  make 
the  channel  at  first  9  feet  deep,  so  as  to  afford  an  immediate  relief  to 
the  growing  commerce  of  the  city,  and  part  of  the  appropriation  made 
in  1872  with  those  of  1873  and  1874  were  devoted  to  dredging  a  9-foot 
channel  of  a  width  nowhere  less  than  300  feet. 

The  appropriation  of  1875  was  expended,  as  stated  in  this  report,  in 
making  a  12-foot  channel  100  feet  wide. 

Following  is  a  statement  of  the  amounts  appropriated  for  Bridgeport 
Harbor : 

March  S,!^;! $20,000 

June  10, 1872 40,000 

March  3, 1873 30,000 

Jane  2:^,1874 20,000 

March  3, 1675 15.000 

Total 125,000 
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Money  statement 

AmouDt  avaUable  July  1, 1875 ?22,817  09 

Amount  expended  daring  fiscal  year  ending  June  30, 1876 22, 762  24 

Amount  available  July  1, 1876 < '54  85 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1878 25,000  00 


REPORT  OF  MR.   W.  W.  STARR,   JR.,  ASSISTANT  ENGINEER. 

New  Ha\t:n,  Conn.,  July  1,  1876. 

Colonel  :  I  have  the  honor  to  submit  the  following  report  for  the  year  ending  June 
30,  1876,  on  the  improvement  of  Bridgeport  Harbor,  Connecticut. 

At  the  close  of  the  last  fiscal  year,  (ending  June  30, 1875,)  the  contract  for  dredging, 
dated  September  16,  1874,  with  Mr.  E.  R.  Seward,  of  Albany,  N.  Y.,  had  not  been  com- 
pleted. During  the  first  month  of  the  year  just  closed,  sufficient  material  was  removed 
to  exhaust  the  appropriation  under  which  the  work  w;m  done  and  to  complete  the  con> 
tract.  The  amount  removed  under  that  contract  after  June  30, 1875,  was  18,672  cubio 
yards,  as  follows:  11,677  cubic  yards  of  sand  from  the  east  side  of  the  outer  bar,  ^ 
cubic  vards  of  sand  from  the  inner  bar,  and  6,898  cubic  yards  of  mud  from  the  west 
side  of  the  channel  above  the  inner  beacon,  making  the  depth  at  least  9  feet  at  mean 
low  water. 

Under  the  appropriation  of  March  3, 1875,  ($15,000,)  you  entered  into  a  contract  with 
Mr.  E.  R.  Seward,  of  Albany,  N.  Y.,  to  dredge  a  channel  100  feet  wide  and  12  feet  deep 
at  mean  low-water,  from  the  12-foot  curve  outside  the  light-house  to  the  docks,  he 
being  the  lowest  bidder  when  the  proposals  were  opened.  The  prices  were  as  follows  : 
for  the  outer  bar,  16  cents  per  cubic  yard ;  for  the  inner  bar,  15  cents  per  cubic  yard, 
and  above  the  inner  beacon,  10  cents  per  cubic  yard. 

Work  was  commenced  July  27  and  completed  December  24, 1875,  three  dredges  of 
the  Osgood  pattern  being  at  work  during  most  of  the  time.  The  whole  amount  of 
material  removed  was  100,264  cubic  yards,  as  follows:  34,913  cubio  yards  from  the 
outer  bar,  17,694  cubic  yards  from  the  inner  bar,  and  47,657  cubic  yards  from  above  the 
inner  beacon,  making  a  channel  105  to  110  feet  wide  and  12  feet  deep  at  mean  low- 
water. 

The  following  estimates  for  continuing  the  work  of  improvement  in  this  harbor  are 
respectfully  submitted.  They  are  the  estimates  of  last  year,  with  such  changes  only 
as  are  made  necessary  by  the  work  since  done. 

For  a  channel  12  feet  deep,  200  feet  wide : 

49,305  cubic  yards  of  sand,  at  20  cents 89,861  OO 

101,042  cubic  yards  of  mud,  at  15  cents 15,156  30 

150,347  cubic  yards 25,017  30 

Three  hundred  feet  wide : 

102,314  cubic  yards  of  sand,  at  20  cents $20,462  80 

168,634  cubic  yards  of  mud,  at  15  cents 25,295  10 

270,948  oubicyards 45,757  90 

In  the  foregoing  estimates  no  allowance  was  made  for  superstrncture,  office  ex* 
penses,  &c. 

The  breakwater  should  have  a  few  repairs  in  the  shape  of  some  heavy  stones  at  the 
head ;  some  that  were  dislodged  from  the  top  of  the  wall  by  the  heavy  ice  of  the  winter 
of  1874-75,  should  be  replaced.  The  whole  cost  would  not  amount,  probably,  to  more 
than  $350. 

Before  further  work  is  done  in  the  harbor,  I  would  respectfully  recommend  that  a 
thorough  examination  be  made  of  the  channel,  with  a  view  to  determining  what 
action  the  breakwater  and  the  currents  of  ebb  and  flood  have  upon  the  same,  and 
whether  the  channel  is  filling  or  not. 

Bespectfully  submitted. 

Wm.  W.  Starr,  Jr., 

Aeaiatant  Engineer. 

Col.  J.  W.  Barlow, 

Corps  of  Engineers,  U,  8,  A, 
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C  b. 

1 

SOUTHPORT  ^HARBOR,  CONNECTICUT. 

With  the  appropriation  of  $5,000  made  by  act  approved  March  3, 
1875,  a  coping  2  feet  thick  and  5  feet  wide  was  placed  upon  the  whole 
length  of  the  breakwater,  except  a  short  distance  above  high-water 
mark,  where  its  place  was  supplied  by  a  fence  of  yellow  pine  2J  feet 
high  and  135  feet  long.  In  order  to  attain  a  uniform  slope  for  the  whole 
wall  itVas  found  necessary  to  raise  the  level  in  some  places  with  rubble- 
stone.  '  Rubble  had  also  to  be  used  in  places  to  make  a  good  bed  for  the 
€oping ;  183.7  cubic  yards  of  rubble  were  used  for  these  purposes.  The 
report  of  Mr.  F.  K.  Lincoln,  inspector  of  the  work,  is  transmitted  here- 
with. 

In  connection  with  this  improvement,  I  had  a  survey  of  Southport 
Harbor  made,  a  map  and  report  on  which,  by  Mr.  Wm.  W.  Starr,  jr., 
assistant  engineer,  accompany  this  report. 

From  Mr.  Starr's  estimates  it  will  be  seen  that  to  dredge  a  channel  4 
feet  deep  will  cost  about  $8,000.  There  is  but  a  small  tidal  basin  above 
Southport  Harbor,  and  no  appreciable  effect  could  be  expected  from 
scouring.  Such  a  channel,  exposed  as  it  would  be  to  the  full  force  of 
the  waves  of  Long  Island  Sound,  would  require,  to  keep  it  permanent,  a 
jetty  on  the  east  side,  the  cost  of  which  could  not  be  less  than  $50,000. 
The  necessary  repairs  of  the  dike  are  small,  and  can  probably  be  accom- 
plished from  the  remainder  of  last  year's  appropriation. 

Southport  Harbor  is  in  the  I^^irfield  collection-diBtrict,  of  which  Bridgeport  is  the 
port  of  entry.  The  amoant  of  revenue  colieoted  there  during  the  tiseal  year  ending  Jun  e 
30, 1876,  was  ^^02.33. 

The  only  appropriation  made  for  improving  Southport  Harbor  since 
the  completion  of  the  breakwater  in  1S38  was  that  of  $5,000  made  by 
act  approved  March  3,  1875,  and  expended  as  described  in  this  report. 

Money  €tatemenL 

Amount  available  July  1,  1875 $5,000  0 

Amount  expended  during  fiscal  year  ending  June  30,  187G 4,616  0 

Amount  available  July  1,  1876 383  9 

Amount  appropriated  by  act  approved  August  14, 1876 5, 000  Oq 


REPORT  OF  BtfR.  P.  N.  LEffCOLN,  INSPECTOR. 

Engineer  Office,  U.  S.  Akmy  , 

New  Liyndan,  Conn,f  June  30, 1876. 

Coix>NEL :  In  accordance  with  instructions  from  you,  I  proceeded  to  Southport,  Conn 
August  24,  1875,  to  take  charge  of  the  repairs  on  the  breakwater  at  that  place.    Th^ 
work  was  to  consist  of  a  coping  2  feet  thick  over  the  old  breakwater,  which  was  built 
about  forty  years  ago  and  was  badly  shattered  on  top  by  the  action  of  the  sea. 

This  coping,  for  which  the  contractors,  Messrs.  Beattie  &  Dresser,  were  then  deliver- 
ing stone,  was  to  be  laid  2  feet  thick  and  5  feet  wide,  of  single  stones  laid  as  headers 
and  brought  to  a  3-inch  joint.  September  4,  the  working  party  arrived  and  >Qom- 
menced  placing  the  stones  in  position  on  the  wall.  This  work,  starting  from  a  point 
al)ont  one-quarter  of  the  distance  from  the  shore  end,  was  prosecuted  in  both  directions, 
as  the  stage  of  the  tide  would  permit,  until  its  completion  January  8, 1876.  The  work 
progressed  slowly,  for  two  reasons  :  principally  because  the  stone  furnished,  although 
of  satisfactory  size  and  quality,  was  so  roughly  quarried  that  much  time  was  necessa- 
rily expended  in  working  it  down  to  the  desired  joints ;  and  secondarily,  because  there 
were  several  places  in  which  the  old  wall  had  to  be  rebuilt  to  secure  a  good  founda  - 
tion. 

For  a  length  of  853  feet,  the  new  coping  was  laid  on  top  of  the  old  wall  after  simply 
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bringing  the  latter  to  an  even  surface.  For  the  remaining  183  feet  at  the  shore  end  of 
the  work,  the  old  breakwater  was  raised  0.5  foot  before  placing  the  coping.  This  was 
done  to  catch  the  sand  which  the  southeast  storms  roll  along  the  beach,  and  more 
effectually  prevent  its  rolling  over  the  breakwater  into  the  channel. 

As  a  ^ard  against  the  sand  which  sometimes  in  severe  blows  rolls  over  the  old  work 
at  a  point  where  coping  was  not  deemed  necessary,  a  fence  2^  feet  high,  of  2-inch 
southern-pine  plank,  securely  spiked  to  chestnut  posts  7  inches  square,  sunk  4^  feet 
into  the  ground  at  intervals  of  7^  feet,  was  built  in  the  line  of  breakwater  for  a  length 
of  135  feet  from  its  shore  end,  the  top  of  the  fence  being  on  a  lavel  with  the  top  of  the 
shore  end  of  the  coping. 

In  addition  to  386.G  cubic  yards  of  coping  used  over  a  length  of  1,036  feet,  183.7 
cubic  yards  of  rubble-stone  were  used  in  filling  gaps  in  the  old  wall  and  in  bringing  it 
to  a  proper  level  to  receive  the  coping. 

Very  respectfully,  your  obedient  servant, 

F.  N.  Lincoln. 

Col.  J.  W.  Barlow, 

Corps  of  Engineers^  U.  S.  A. 


REPORT   OF  MR.   W.  W.  STARR,  JR.,  ASSISTANT  ENGINEER. 

Bridgeport,  Conn.,  March  15, 1870. 

Colonel  :  I  have  the  honor  to  submit  the  following  report  and  estimates,  with  ac- 
companying map,  of  a  survey  of  Southport  Harbor,  Connecticut,  made  by  your  direc- 
tion, during  the  month  of  September,  1875. 

The  survey  was  commenced  September  2, 1875,  and  completed  September  8,  with  but 
little  interruption  by  bad  weather.  Tidal  observations  were  made  through  half  a 
lunation,  day  tides  only  being  observed.  A  mean  low-water  plane  was  found  and 
bench-marks  referring  to  this  plane  were  established  as  follows :  On  the  northwest  cor- 
ner of  the  north  beacon,  fifth  course  from  the  top,  elevation,  9.24  feet ;  and  on  the 
northeast  corner  of  Charles  Jennings's  lower  dock,  elevation,  9.06  feet.  The  mean  rise 
and  fall  of  tide  is  6.64  feet.    The  map  was  made  during  the  winter. 

Estimates  have  been  made  for  a  channel  50  feet  wide  from  deep  water  to  the  upper 
docks,  as  follows : 

A  channel  5  feet  deep  at  mean  low- water  will  require  the  removal  of  about 

40,200  cubic  yards  of  sand,  to  cost  about  25  cents  per  yard §10, 0.'^O 

Add  10  per  cent,  for  superintendence,  <&c 1,005 

Total 11,055 

A  channel  4  feet  deep  at  mean  low-water  will  require  the  removal  of  about 

29,400  cubic  yards  of  sand,  to  cost  about  25  cents  per  yard 7, 350 

Add  10  percent,  for  superintendence 735 

Total /. 8,0a5 

Rock  in  place  may  be  met  with  in  the  vicinity  of  White  Rock  to  the  amount  of  from  15 
to  20  cubic  yards,  which  it  may  be  necessary  to  remove  in  case  the  harbor  is  dredged. 
To  do  it,  would  cost  from  $12  to  $15  per  yard,  say  $200  for  the  whole  quantity. 

The  dike  extending  north  from  the  shore  end  of  the  breakwater  and  parallel  to  the 
channel  requires  repairing.  The  walls  are  in  good  condition,  but  the  waves  have 
washed  out  some  of  the  earth  filling  between  them.  This  should  be  replaced.  It  would 
probably  average  2  feet  of  filling  to  be  placed  along  the  whole  length,  or  about  500 
cubic  yards  of  coarse  sand  and  gravel.  This,  if  put  in  place  by  scows  and  barrows,, 
would  cost  about  30  cents  per  yard ;  but  if  taken  from  a  dredge  at  work  in  the  chan- 
nel, the  cost  of  extra  handling  should  not  exceed  10  cents  per  yard.  The  total  cost  of 
repairing  the  dike  should  not  exceed  i$150. 

Respectfully  submitted. 

Wm.  W.  Starr,  Jr., 

Assistant  Engineer, 

Col.  J.  \V.  Barlow, 

Corps  of  Engineers  V.  S.  A. 
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C7. 

NORWALK  RIVER,  CONNECTICUT. 

At  the  writing  of  my  last  annual  report  work  on  this  river  was  in 
progress  under  a  contract  with  Mr,  Emory  E.  Seward,  of  Albany,  N.  Y., 
dated  September  7, 1874,  and  expiring  (by  a  two  months'  extension) 
August  31,  1875.  The  work  was  completed  August  11,  1875,  36,715 
cubic  yards  having  been  removed,  making  a  channel  60  feet  wide  and 
6  feet  deep  at  mean  low-water,  from  the  railroad-bridge  at  South  Nor- 
walk,  to  the  stone  bridge  at  Norwalk. 

The  contract  price  being  lower  than  was  estimated,  it  was  found  pos- 
sible, after  completing  the  cut  through  the  Middle  Ground,  to  remove 
a  much  larger  amount  of  material  from  near  the  railroad-bridge  than 
had  been  contemplated. 

Under  an  appropriation  by  a-ct  of  Congress  approved  March  3,  1875, 
after  duly  receiving  proposals,  a  contract  was  entered  into  with  Messrs. 
H.  N.  and  A.  J.  Beardsley,  of  Bridgeport,  Conn.,  dated  July  21,  1875. 
The  proposed  plan  of  work  was  to  cut  a  channel  60  feet  wide  and  6  feet 
deep,  from  Gregory's  Point,  at  the  month  of  the  river,  to  W.  Jennings's 
wharf,  but,  as  the  previous  contract  had  done  part  of  this  work  dur- 
ing the  time  of  its  extension,  this  appropriation  proved  sufficient  to 
make  the  channel  from  100  to  120  feet  wide  below  the  wagon-bridge  and 
60  feet  wide  above  this  bridge  to  the  lower  end  of  the  preceding  year's 
work.  The  contractors  began  work  September  28, 1875,  and  finished 
November  17, 1875,  having  removed  44,444  cubic  yards. 

To  make  the  channel  100  feet  wide  from  the  railroad  bridge  to  the 
^H^orwalk  docks,  at  the  present  depth  of  6  feet,  will  cost  $30,000.  This 
will  give  a  100  foot  channel  all  the  way  up  from  Long  Island  Sound,  and 
it  is  recommended  that  the  project  be  undertaken.  A  width  of  80  feet 
will  cost  about  one-half  as  much,  and  $15,000  could  be  advantageously 
expended  for  this  purpose  during  the  next  fiscal  year. 

Norwalk  is  in  the  Fairfield  collection-district,  and  Bridgeport  is  the  nearest  port  of 
entrv.  The  amount  of  revenue  collected  there  during  the  nscal  year  ending  June  30, 
1376",  was  $4,302.:i3. 

In  a  report  of  survey,  dated  December  16, 1871,  a  channel  100  feet 
wide  and  6  feet  deep  was  projected,  at  a  cost  of  $34,000,  the  estimates 
being  based  on  a  rate  for  dredging  per  cubic  yard  of  20  cents.  On  ac- 
count of  unforeseen  diflficulties,  particularly  in  reference  to  the  dumping, 
the  last  contract  was  the  only  one  that  has  been  let  as  low  as  the  esti- 
mated rates.  The  amount  of  material  was  probably  also  underestimated, 
and  no  allowance  was  made  for  the  filling,  which  is  an  inevitable  result 
where  small  appropriations  make  it  necessary  to  continue  the  work  over 
a  number  of  years.  It  is  believed  that  the  present  estimate  of  $30,000 
is  sufficiently  to  fully  complete  this  channel  to  the  originally  proposed 
width. 

The  following  appropriations  have  been  made  for  the  improvement  of 
Norwalk  Kiver,  and  exi)ended  in  dredging  at  the  rates  per  yard  annexed 
to  each  appropriation : 

June  10,  1872 ^10,000  00  24i  centp. 

March  3,  1873 : 10,000  00  45    cent.-. 

June  23, 1874 : 10,000  00  23    cent-. 

March  3,  1^5 7,000  00  13i  cent>. 

Total 37.000  00 
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Money  ^tcatement 

Amount  available  July  1, 1875 812,566  94 

Amouut  expended  during  fiscal  year  ending  June  30, 1876 12, 376  32 

Amount  available  July  1, 1876 190  62 

Amount  (estimated)  required  for  completion  of  existing  prqject 30, 000  00 

Amount  that  can  be  profitably. expended  in  fiscal  year  ending  June  30, 187d.  15. 000  00 


.C  8. 

PORT  JEFFERSON  HARBOR,  LONG  ISLAND,  NEW  YORK. 

The  appropriation  of  $15,000  by  act  approved  March  3,  1875,  was  di- 
vided between  dredging  and  stone- work.  The  latter  was  for  the  con- 
struction of  a  jetty  on  the  west  side  of  the  harbor  entra'i<.*e  and  a  con- 
tract was  entered  into  with  Mr.  Francis  H.  Smith,  of  New  York,  to 
deliver  stone  at  the  rate  of  $1.44  per  gross  ton.  Owing  to  bad  weather 
and  several  disasters  to  the  vessels  employed,  Mr.  Smith  failed  to  com- 
plete his  contract  by  the  30th  of  June.  An  extension  of  ten  days  wa« 
granted,  in  which  time  the  stipulated  amount  of  stone  will  be  delivered. 
This  will  leave  the  jetty  about  475  feet  long,  ot  a  triangular  cross-sec- 
tion, with  slopes  of  1  on  1,  and  reaching  4  feet  above  high-water  level. 
Up  to  the  30th  of  June,  3,192  tons  of  stone  had  been  delivered.  The 
effect  of  this  jetty  has  been  already  to  collect  a  very  considerable  amount 
of  sand  and  gravel  on  its  western  side  and  to  bring  the  lines  of  direction 
of  flood  and  ebb  currents  nearly  parallel.  The  middle  ground  opposite 
the  end  of  the  east  jetty  has  been  washed  down  by  the  concentrated 
action  of  the  currents,  so  that  now  there  is  3.5  feet  at  low  water  where 
a  year  ago  it  was  nearly  bare  at  the  same  stage  of  tide.  It  will  be  de- 
sirable to  continue  this  jetty  probably  about  600  feet  farther,  requiring 
^bout  7,000  tons  of  granite,  at  §1.75  per  ton,  $12,250. 

The  contract  for  dredging  was  awarded  to  Mr.  Sidney  F.  Shelbourne, 
of  New  London,  Conn,,  at  the  rate  of  27  cents  per  cubic  yard.  The  con- 
tractor displayed  a  great  deal  of  reluctance  in  beginning  this  work. 
Finally,  in  October,  1875,  he  moved  a  dredge  to  the  locality  and  worked 
for  a  part  of  two  days,  removing  165  cubic  yards.  No  further  work  has 
been  done,  and  his  contract  expired  by  limitation  at  the  close  of  the 
fiscal  year.  I  shall,  therefore,  at  an  early  day,  submit  a  project  for  doing 
the  work  by  hiring  a  dredge  for  the  purpose. 

The  breakwater  on  the  east  side  of  the  harbor  entrance  is  badly  in 
need  of  repair.  There  are  openings  in  it  so  large  as  to  seriously  impair 
its  efficiency,  allowing  sand  and  gravel  to  wash  freely  through.  I  quote 
from  a  report  of  Mr.  G.  N.  Weaver,  inspector  of  the  construction  of  the 
jetty : 

Ever  since  my  arrival  here  I  have  been  greatly  impressed  with  the  necessity  of  hav- 
ing the  east  breakwater  raised  and  repaired  as  soon  as  possible.  During  every  easterly 
storm  this  coast  is  visited  by  a  high  sea  which  entirely  covers  the  work,  and,  sweeping 
over  the  beach,  bears  a  vast  amount  of  material  into  the  channel.  There  is  200  feet  of 
the  shore-end  of  this  work  that  has  become  entirely  covered  with  sand  and  gravel. 
This  portion  must  have  settled  very  much,  for  the  top  of  it  at  present  is  3  feet  below 
the  surface  of  the  beach.  • 

The  whole  eastern  work  is  very  much  in  need  of  repairs.  There  is  but  a  very  small 
portion  that  has  been  raised  above  high  water,  and  in  many  places  the  stones  are  so 
large  as  to  leave  voids  large  enough  for  sand  and  gravel  to  pass  through  freely,  forming 
a  shoal  just  west  of  the  work.  The  highest  part  of  this  shoal  is  about  25  feet  away, 
and  is  3  feet  higher  than  that  immediately  adjacent  to  the  breakwater. 

We  cannot  expect  to  realize  much  improvement  at  the  entrance  until  this  work  has 
been  raised;  and  I  would  respectfully  recommend  that  this  portion  of  the  improvement 
receive  your  attention  as  soon  as  you  find  it  convenient. 
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This  breakwater  oaght  also  to  be  extended  farther  out,  in  order  to 
prevent  sand-washing  around  the  outer  end.  To  carry  it  to  the  O-'foot 
curve  would  cost,  as  stated  in  iny  last  report,  about  $16,000.  Twenty 
thousand  dollars  could  be  expended  to  advantage  during  the  next  fiscal 
year,  to  be  divided  between  the  old  and  new  works,  as  may  at  the  time 
appear  most  advisable. 

Port  JeffersoD  is  in  the  New  York  colleotion-district,  New  York  being  the  nearest 
port  of  entry.  I  have  not  yet  ascertained  the  amoant  of  revenue  colleoted  in  New 
York  for  the  fiscal  year  ending  June  30,  1876. 

The  first  appropriation  made  for  this  harbor  was"  in  1871.  This  and 
that  of  the  following  year  were  expended  in  constructing  the  breakwater 
on  the  east  side  of  the  entrance.  The  next  appropriation  was  made  in 
1875,  and  has  been  expended  as  described  in  this  report.  The  follo\flug 
is  a  statement  of  the  respective  amounts : 

MarcliS,  1871 815,000 

June  10,1872 15,000 

Marcii3,1875 15,000 

Total 45,000 

Money  statement 

Amount  available  July  1,  1875 '. $15,98S  37 

Amount  expended  during  fiscal  year  ending  June  30,  1876 4,9?^  14 

Amount  available  July  1,  187G,  including  $'^,0<^2.90  due  on  contracts 11, 006  23 

Amount  appropriated  by  act  approved  August  1 4, 1876 *  6, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 22, 250  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  euoiug  June  30, 1878.  20, 000  00 


Cg. 

PECONIC  RIVER,  LONG  ISLAND,  NEW  YORK. 

No  work  was  done  on  the  improvement  of  this  river  during  the  past 
fiscal  year.    The  channel  previously  dredged  is  still  in  good  condition. 

There  remains  a  balance  of  $285.45  of  the  appropriation  made  by  act 
of  Congress  approved  March  3,  1873. 


C  ID. 

SURVEY  OF  THE  CHANNEL  OF  WEST  HAVEN  HARBOR,  NEAR  NEW  HAVEN, 

CONN. 

Engineer  Office,  United  States  Army, 

New  London^  Conn.,  January  11,  1876. 

General  :  I  have  the  honor  to  submit  my  report,  accompanied  by 
that  of  assistant  engineeer,  Mr.  H.  K.  Babcock,  on  the  survey  of  West 
Haven  Harbor,  Connecticut. 

This  survey  was  authorized  by  a  paragraph  of  section  2  of  an  act  of 
Congress  making  appropriations  for  certain  public  works  on  rivers  and 
harbors,  &c.,  ^approved  March  3,  1875.  The  survey  was  made  in  the 
latter  part  of  September.  Its  object  was  to  lay  out  a  plan  and  make  es- 
timates for  increasing  the  available  depth  of  the  channel  from  2J  to  6 
feet  at  mean  low- water. 

West  Haven  is  a  town  of  about  3,000  inhabitants,  lying  just  west  of 
the  city  of  New  Haven,  and  separated  from  it  by  West  River.    The 
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principal  business  of  the  place,  which  would  be  favorably  affected  by  the 
desired  improvement,  is  the  traffic  in  lumber  and  coal,  and  ship-building, 
amounting  in  the  aggregate  to  about  $100,000  per  year.  The  harbor  is 
in  an  indentation  from  New  Haven  Harbor.  It  is  quite  completely  shel- 
tered, but  too  far  inland  to  be  of  any  value  as  a  harbor  of  refuge.  The 
advantages  to  be  derived  from  the  improvement  must  be  considered  as 
only  of  local  importance. 

The  estimate  for  dredging  the  line  of  the  present  channel  is  $11,340. 
This  plan  is  the  only  one  that,  either  in  feasibility  or  economy,  seems 
worthy  of  consideration ;  it  would  give  a  depth  at  high-water  of  12  feet, 
the  rise  of  tide  being  practically  the  same  as  in  New  Haven  Harbor, 
6.06  feet.  The  length  along  this  channel  of  water-front  which  would  be 
available  for  wharves  is  about  one-half  mile. 

As  far  as  I  have  been  able  to  ascertain,  there  has  never  been  any 
dredging  done  in  West  Haven  Harbor,  either  by  the  General  Govern- 
ment or  by  private  parties. 

West  Haven  is  in  the  New  Haven  collection-district,  and  New  Haven  is  the  nearest 
port  of  entrv>  The  amount  of  revenue  collected  there  during  the  fiscal  year  ending 
June  30, 1875,  was  ^345,331.17. 

Very  respectfully,  your  obedient  servant, 

J.  W.  Barlow, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8,  A. 


report  of  mr.  hkxry  n.  babcock,  assistant  engineer. 

Engineer-Office,  United  States  Army, 

Neto  Londoriy  Conn,,  December  22y  1875. 

Colonel  :  I  have  the  honor  to  present  the.  following  report,  with  the  map  of  the 
survey  of  West  Haven  Harhor,  Connecticut: 

The  survey  was  begun  on  the  20th  of  September  last,  and  finished  the  same  month. 
A  base-line  1)575  feet  long  was  chained  along  the  causeway  at  the  upper  end  of  the 
harbor,  and  the  sounding-stations  located  bv  angles  from  this  base.  The  following 
points  also  were  carefully  located  by  triangulation,  viz : 

West  gable  of  Jeremiah  Smith's  house,  Oyster  Point. 

North  gable  of  north  watch-house. 

North  gable  of  south  watch-house. 

Cupola  of  Harris  Eames's  house.  West  Haven. 

Spire  of  Methodist  Episcopal  church,  West  Haven. 

Iron  smoke-stack  in  Hotchkiss's  lumber-yard,  West  Haven. 

The  tide-gauge  used  was  placed  against  the  dock  of  Richards's  lumber-yard,  and  re* 
ferred  to  a  bench-mark  established  in  1874  from  tidal  observations  previously  made  by 
the  United  States  Coast  Survey.    Following  is  a  description  of  its  location : 

**  Spike  in  top  of  a  fence-post  situated  on  the  west  side  of  Howard  avenue,  Oyster 
Point,  south  of  Sea  street,  and  at  the  southeast  corner  of  a  yard  owned  by  Mrs.  Kelsey, 
which  is  south  of  and  adjacent  to  the  school-house  grounds.  Elevation  above  mean 
low-water,  27.464  feet.'* 

The  soundings  were  located  by  intersecting  angles.  The  specification  in  the  act  of 
Congress  under  which  this  survey  was  made  called  for  a  survey  of  the  channel  of 
West  Haven  Harbor,  Connecticut,  and  it  was  not  deemed  advisable  to  make  a  topo- 
graphical survey  of  the  shore.  The  high-water  mark  and  the  corners  of  the  docks  were 
located  in  connection  with  the  soundings. 

The  map  is  drawn  to  a  scale  of  200  feet  to  the  inch,  and  includes  ^11  of  the  harbor 
available  for  navigation.  Above  the  causeway  is  a  meadow  of  considerable  area,  but 
not  of  much  effect  as  a  tide-basin,  since  it  is  scarcely  covered  at  high-water.  The  har- 
bor receives  also  the  fresh  water  from  West  Kiver,  a  small  stream  of  about  15  miles  la 
ength. 

The  object  with  a  view  to  which  this  survey  was  asked  for  was  the  deepening  of  the 
channel  from  its  debouchure  into  New  Haven  Harbor  to  the  West  Haven  docks,  so  as 
to  gain  a  deptli  of  6  feet  at  low- water ;  the  present  available  depth  is  2.8  feet ;  the 
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length  of  the  channel  is  1  mile.  To  be  of  nse,  the  dredged  channel  should  be  not 
less  than  60  feet  wide.  This  improyement  would  require  the  removal  of  63,000  cubic 
yards  of  mud,  at  18  cents  per  yard,  amounting  to  |1 1,340.  By  following  more  exactly 
the  line  of  the  present  channel,  a  saving  of  removal  of  3,000  cubic  yards  could  be 
effected  at  the  expense  of  introducing  two  additional  angles  in  the  channel. 

There  is  in  West  Haven  an  opinion  in  favor  of  cutting  the  channel  in  a  southeasterly 
direction  through  the  flats  and  '^  The  Beach.''  This  opinion  is  sustained  by  the  belief 
that^the  tide,  acting  directly  through  this  channel,  would  keep  it  open  and  at  the  same 
time  would  preveiit  the  ebb  from  depositing  material  in  New  Haven  Harbor,  The  ex- 
pense of  this  improvement  would  be  about  two  and  a  half  times  as  great  as  the  one 
above  considered.  I  cannot  believe,  either  that  a  narrow  channel  through  so  large  a 
mass  of  loose  sand  as  "  The  Beach  "  would  keep  open  in  a  southeast  storm  and  flood- tide. 
The  material  on  "  The  Beach  "  and  outside  is  sand  and  shells,  that  inside  is  mud ;  the 
depth  of  the  mud  in  the  harbor  is  very  great,  some  of  the  wharf-piles  being  driven  down 
18  feet  before  striking  solid  bottom. 

There  is  no  dumping-ground  inside  the  harbor  that  could  be  used  even  at  high 
water  without  interfering  with  private  oyster-grounds ;  the  distance  to  the  dumping- 
ground  at  the  mouth  of  New  Haven  HarborHs  about  5^  miles. 

The  amount  of  merchandise  received  at  West  Haven  by  water  is  about  5,000  ton& 
per'annnm,  valued  at  over  8100,000.  At  the  ship-yard  there  are  built  on  an  average 
2  vessels  per  year,  generally  three-masted  schooners,  ranging  from  500  to  800  tons  bur- 
den. The  harbor  is  seldom  closed  by  ice  for  more  than  six  or  eight  weeks  during  the 
winter.    The  population  of  West  Haven  is  about  3,000. 

For  the  above  statistics  I  am  indebted  to  the  courtesy  of  Mr.  H.  H.  Richards. 

I  was  assisted  on  the  survey  by  Messrs.  F.  N.  Lincoln,  N.  B.  Craig,  and  W.  C.  Gra- 
ham. 

Respectfully  submitted. 

Henry  N.  Babcock, 

Assistant  Engineer. 

Col.  J.  W.  Barlow, 

Major  Carps  of  Engineers j  U,  S.A. 


APPENDIX  D. 

ANNUAL  REPORT  OF  LIEUT.  COL.  JOHN  NEWTOK,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 
1876. 

United  States  Enoineer-Office, 

New  York,  July  14, 1876. 

General  :  I  have  the  honor  to  transmit  herewith  the  annual  reports 
upon  the  works  under  my  charge  for  the  fiscal  year  ending  June  30, 
1876. 

Very  respectfully,  your  obedient  servant, 

John  Newton, 
Lieut,  Col.  of  Engineers^  Bvt  Maj.  Gen^ 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A, 


D  I. 

IMPROVING  HUDSON  RIVER,  NEW  YORK. 

Lieut.  J.  H.  Willard,  Corps  of  Engineers,  assistant,  stationed  at 
Albany,  N.  Y.,  has  continued  to  superintend  these  operations,  and  from 
his  report  I  make  the  following  extracts : 

No  regular  and  continned  surveys  were  undertaken ;  but  resurveys  and  examina- 
tions were  made  from  time  to  time,  as  required.    The  results  have  been  submitted  to- 


/ 
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you  as  far  as  they  have  been  completed.  They  comprise  Roand  and  Fish-Hoase  Shoals, 
•Ouyler's  Bar,  the  old  State  dam,  Winnie's  Bar,  Cedar  Hill  Bar,  Coey man's,  and  New 
Baltimore,  done  last  season,  and  Cayler's  Bar  and  the  Overslaugh,  the  latter  exam- 
ined twice,  and  Coeymau's  and  New' Baltimore,  done  this  season.  The  party  is  now 
engaged  in  resurvey  of  the  upper  section  from  Port  Schuyler  to  Bath. 

The  levels  from  Troy  to  Btuyvesant  have  been  revised  and  compared  with  former 
work.  The  results  from  independent  lines  taken  by  different  parties  substantially 
Agree. 

Mr.  Talcott  has  proved  himself  invaluable  and  untiring ;  his  party  Is  well  trained, 
«mall  in  number,  but  zealous,  hard-working  men.  I  have  tried  the  plan  of  taking 
young  graduates  and  students  from  the  Rensselaer  Polytechnic  Institute  at  Troy,  and 
am  well  satisfied  with  the  results.  These  young  men  are  anxious  to  gain  practical 
knowledge,  and  are  willing  to  work  hard  for  low  pay,  and  their  work  is  accurate  and 
thorough. 

Surveys  are  required  from  time  to  time,  not  only  to  discover  the  action 
of  the  works  already  execated,  but  also  to  assist  in  choosing  the  loca- 
tion of  new  dikes.  Surveys  are  likewise  necessary  whenever  it  is  neces- 
sary to  construct  a  new  dike  or  to  dredge. 

Accurate  surveys  are  not  only  necessary  to  carry  on  a  system  of  river 
improvement,  but  they  serve  actually  to  promote  economy. 

The  dike  at  New  Baltimore  was  the  only  new  work  put  down  during  the  year.  It 
was  not  begun  till  late  in  the  season,  and  though  every  efifort  was  made  to  have  it 
finished  in  time,  the  sudden  cold  weather  of  November  24  overtook  the  contractor  and 
put  an  end  to  any  continuous  work.  The  work  was  accepted  and  paid  for  in  May, 
1876.  A  cross-dike,  to  connect  the  main  work  with  the  shore,  was  let  *at  the  same 
price,  after  a  careful  estimate  and  comparison  of  cost  with  other  plans.  It  was  finished 
on  November  20, 1875,  and  was  paid  for  at  once,  being  regarded  as  outside  the  con- 
tract. 

The  length  of  main  dike  is  2,914  feet,  and  cost,  at  $4.84 , . .  $14, 103  76 

The  cross-dike  is  314  feet,  and  cost 1,.519  76 

For  the  work,  3,228  feet 15,623  52 

Inspector's  pay,  2  months • 166  66 

Gross  cost 15,790  18 

Dredging  was  done  at  Cedar  Hill,  aloijg  the  middle  dikfe  at  Ooeyman's, 
^nd  along  the  new  dike  at  New  Baltimore;  at  Cedar  Hill  7,000  cubic 
yards,  at  20  cents,  which  included  lifting  a  portion  of  the  material  over 
the  dike ;  from  Coeyman's  bar  12,000  cubic  yards  were  removed,  at  a 
-cost  of  15  cents ;  at  the  new  dike  near  New  Baltimore  5,000  cubic  yards 
were  removed,  at  a  cost  of  16  cents. 

The  amount  paid  for  dredging  was  $3,919.15 ;  for  inspector's  pay,  (158.67 ;  and  for 
extra  labor,  $90.00,  making,  in  all,  $4,167.82,  for  about  24,000  cubic  yards.  This  amount 
was  judiciously  laid  out,  as  may  be  seen  from  the  maps  made  ladt  year  and  compared 
with  those  made  this  season.  It  is  hoped  that  the  State  may  relieve  us  from  further 
work  of  dredging. 

All  the  dikes  suffered  to  some  extent  during  the  winter  of  1874-75,  and  especially 
the  cheaper  ones.  I  restored  those  most  needing  repair,  viz :  Crib-dike  at  Hill-House 
Island,  Base  Island,  Bath,  Patroon's,  Van  Wies,  Cow  Island,  (which  I  also  raised  one 
foot,)  Cedar  Hill,  Castletou,  and  the  dikes  at  Coeyman's. 

Before  undertaking  the  work,  I  invited  proposals  for  labor  and  material,  and  for 
stone.  The  labor,  iron,  and  timber  were  furnished  by  John  B.  Marshall,  and  the  stone 
by  A.  S.  V.  Vanderi>ool,  the  lowest  bidders.  The  amounts  have  been  given  in  detail  in 
the  vouchers.  The  amount  of  stone  delivered  was  1,9(52^  cubic  yards.  The  cost  of 
repair  was  .§1,567.43  ;  of  stone,  $1,157,87  ;  and  the  pay  of  inspector,  $54.66 ;  making,  in 
all,  8'2,779.76.    The  amount  allotted  was  $4,150. 

Last  winter  was  unusually  hard  on  our  works.  After  a  careful  examination  of  the 
damage  done  by  ice,  and  by  currents  undermining  some  of  the  dikes,  I  think  $5,000 
should  be  reserved  for  repairs  during  the  summer. 

The  State  appropriated  $40,000,  to  be  expended  under  the  direction  of  the  State 
engineer.    The  act  was  approved  by  the  governor  in  May. 

The  use  of  the  information  compiled  in  our  charts  has  been  offered  to 
the  State  engineer  to  serve  to  locate  the  lines  of  dredging,  and  I  am 
happy  to  say  that  under  the  system  now  begun  of  cordial  cooperation 
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between  the  State  and  the  United  States  engineer,  excellent  results  may 
be  confidently  expected,  both  in  economy  and  benefit  to  navigation. 

The  dike  built  during  the  past  fiscal  year  from  Barren  Island  toward 
New  Baltimore  is  necessary,  in  order  to  re-establish  the  channel  in  the 
old  and  more  natural  direction.  The  preservation  of  a  deep  channel 
along  the  ISew  Baltimore  dike,  constructed  by  the  State  of  New  York 
some  years  since,  has  been  practically  proved  to  be  impossible,  without 
extensive  additional  works. 

The  new  channel  laid  out  will  possess  the  great  advantages  of  being 
the  track  of  both  flood  and  ebb  tides,  whereas  the  present  can  only  be 
an  ebb-tide  channel. 

To  complete  the  present  improvement,  it  would  first  be  necessary  to- 
dredge  at  the  proposed  channel,  (to  which  object  the  State  appropria- 
tion will  be  partially  devoted,)  and  then  to  cut  off  the  existing  channel 
by  a  dike  extending  from  the  New  Baltimore  State  dike  to  the  middle 
ground,  upon  which  the  light-beacon  is  situated. 

An  old  cross-dike  in  the  back  channel  near  the  head  of  Bogart's 
Island,  serving  only  the  bad  purpose  of  directing  the  currents  during 
freshets  loaded  with  sand  over  the  Overslaugh  dike  into  the  main 
channel,  and  filling  up  the  same  with  sand,  should  be  removed. 

The  gap  now  existing  between  the  Bath  and  Base  Island  dikes  should 
be  closed,  and  one  of  proper  length  opened  in  the  upper  portions  of  the^ 
Base  Island  dike.  It  would  be  well  to  encourage  the  growth  of  brushes- 
and  trees  upon  the  dikes,  as  tending  to  their  consolidation  and  perma- 
nence. With  this  object,  willows  have  already  been  planted  upon  some 
of  the  dikes. 

Among  the  dikes  of  prime  importance  are  the  Overslaugh  and  Shad 
Island  proposed  dikes ;  but,  as  it  appears  discouraging  to  wait  longer 
for  appropriations  sufiicient  to  construct  these  in  a  solid  manner,  I  pro- 
pose to  plant  willows  along  the  proposed  lines  of  these  structures,  add- 
ing to  these  each  year,  and  thus  increasing  the  deposits  until  they  form 
a  bank,  which  ultimately,  and  without  further  assistance,  may  attain  a 
level  a  little  above  low-water.  This,  being  done  at  small  expense,  if 
proved  to  be  practicable,  would  serve  to  benefit  materially  the  channels, 
while  the  higher  level  attained  as  a  foundation  for  future  solid  dikes^ 
would  much  diminish  the  cost  of  such  structures. 

There  are  continual  applications  for  grants  of  land  under  water  from 
the  State.  Now,  as  it  is  necessary  to  preserve  the  back  channels  in 
order  to  maintain  a  proper  tidal  flow,  and  also  to  lay  down  a  pierUne 
on  the  river  itself,  I  would  respectfully  propose  a  commission  (to  include 
the  State  engineer)  to  consider  and  report  upon  this  subject,  with  the 
view  of  having  such  report  legalized  both  by  Congress  and  the  State 
legislature.    I  consider  the  matter  important,  and  requiring  dispatch. 

The  work  is  in  the  fourteenth  collection-district.  TJie  nearest  x>ort  of  entry  is 
Albany,  N.  Y.  The  amonnt  of  revenue  collected  from  imports  and  exports  for  the  fis- 
cal year  was  $163,701.36 ;  the  value  of  same,  $802,639.  The  amount  of  commerce  and 
navigation  benefited,  $500,000,000. 

Amount  to  be  appropriated  to  complete  the  work $214, 116  47 

Amount  already  appropriated  by  Congress 770, 188  00 

98-1,304  47 

Amount  of  estimate  of  1868 984  304  47 

I  I  -     I     -■■  ■  ■    -- 

Amount  asked  to  be  appropriated  for  1877-78  : 

Construction  of  Overslaugh  dike... $40, 000  GO 

Removal  of  Austin's  Kock 26,000  00 

Total 66.000  00' 
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Money  statement 

Amount  available  Jnly  1,  1875 -$39,770  63 

Amonnt  expended  during  fiscal  year  ending  June  30,  1876 34, 255  54 

Amount  available  July  1, 1876 5, 515  09 

Amount  appropriated  by  act  approved  August  14,  1876 50, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 164, 116  47 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878      66, 000  00 

Abstract  of  bids  for  constructing  dike  in  the  Hudson  River  between  New  Baltimore  and  Bar- 
ren Island, 


Edgar  M.  Payne 
Stephen  Miles  — 
John  II.  Marshall 
James  D.  Leary . . 
P.Sandlbrd&Co. 


$6.22  per  linear  foot 
6.60  per  linear  foot 
9.99  per  linear  foot 

11.50  per  linear  foot 


Second,  pile-dike. 

$7.42  per  linear  foot- . . 

5.64  per  linear  foot . . . 

8.84  per  linear  foot . . . 

7.69  per  linear  foot . . . 

11.25  per  linear  foot . . . 


Third,  half  dike. 


$4.14  per  linear  foot. 
3.94  per  linear  foot. 
8.99  per  linear  foot. 
9.35  per  linear  foot. 


Abstract  of  contract  for  constructing  dike  in  the  Hudson  River  between  Xetc  Baltimore  and 

Barren  Island, 


Contractor's  name. 

• 

Date  of  con- 
tract. 

Suhject  of  contract. 

Remarks. 

John  H.  Marshall 

Oct.  6.   1875 

2, 900  feet,  more  or  leas  . . 

To  be  completed  by  December  31, 
1875. 

D   2. 


REMOVING  OBSTRUCTIONS  IN  EAST  RIVER  AND  HELL  GATE,  NEW  YORK. 

1  append  herewith  extracts  from  the  annual  reports  to  me  of  Oapt. 
W.  H.  Heuer,  Corps  of  Engineers,  assistant  in  superintendence  of  the 
work  of  excavating  at  Hallet's  Point  and  Flood  Eock. 

ballet's  point. 

The  end  of  the  last  fiscal  year  found  the  work  of  excavation  here  completed.  This 
year  the  work  has  been  principally  confined  to  drilling  holes  in  the  roof  and  piers  pre- 
paratory to  the  final  blast.  The  drilling  was  abont  completed  on  March  25,  and  the 
locating  and  mapping  of  the  various  bore-holes  was  finished  on  June  1.  The  roof  of 
the  mine  contains  5,375  holes,  each  3  inches  in  diameter  and  averaging  about  9  feet  in. 
length.  The  piers  contain  1,385  drill-holes,  of  which  U88  are  2  inches  in  diameter,  the 
balance  being  3-inch  hcles  of  about  the  same  length  as  those  in  the  roof,  thus  making 
a  total  of  6,760  holes,  whose  aggregate  length  is  58,874  feet. 

In  drilling  these  holes  several  new  rock-drilling  machines  were  experimented  with, 
notably  the  Rand,  Winchester,  and  Waring  driUs.  The  results  obtained  were  satis- 
factory, and  were  superior  to  those  obtained  by  us  with  the  older  kinds  of  machines. 

Detailed  reports  of  their  performances  were  furnished  you  from  time  to  time  in  my 
monthly  reports  of  operations. 

Many  experiments  were  made  here  under  your  direction  on  the  explosive  effects  of 
nitro-glycerine  confined  in  rubber  and  iron  tubes  varying  from  12  to  300  feet  in  length  ; 
also  with  other  explosives,  as  vulcan-powder,  nitro-naphthaline  or  vigorite,  dynamite. 
And  Horsley  powder,  to  test  their  relative  merits  (both  in  their  wet  and  dry  states)  in 
breaking  up  gneiss  rock. 

A  stone  wail  about  8  feet  wide,  from  12  to  20  feet  high  and  150  feet  in  length,  was 
built  nearly  paraUel  to  and  about  10  feet  distant  irom  the  inner  side  of  the  shaft.  It 
was  designed  to  protect  the  land  back  of  it  from  the  action  of  the  tidal  currents.  Sev- 
eral hundred  yanls  of  loose  rock  lying  between  high  and  low  water  marks  around  the 
coffer-dam  were  removed. 

The  large  pumping-engines  continue  to  do  fair  work.  The  leakage  into  the  mine 
has  increased  to  about  700  gallons  per  minute. 

The  workmen  were  discharged  as  soon  as  their  services  could  be  dispensed  with.  At 
present  there  are  only  enough  men  retained  to  care  for  the  works  and  attend  to  the 
pomps. 
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FLOOD  ROCK. 

Wlieii  the  last  annual  report  was  made  on  this  work,  operations  had  jnst  comtueuced. 
Since  then  two  shafts,  65  feet  apart,  have  been  partially  completed.  The  larger  shaft 
is  10  by  20  feet  in  plan  and  is  51  feet  deep,  its  bottom  being  41  feet  below  mean  low- 
water  line.  The  smaller  shaft  is  about  12  feet  square  in  plan  and  has  a  depth  of  23 
feet.  The  aggregate  length  of  tunnels  driven  from  the  two  shafts  was  229  feet.  The 
rock  tjiken  from  the  tunnels  was  utilized  by  throwing  it  into  the  river  around  the 
shafts  and  erecting  a  wall  around  it  so  as  to  obtain  a  su£Scient  area,  about  4  feet  above 
high-water  mark,  upon  which  to  place  the  necessary  machinery  and  workshops  to  be 
used  in  future  operations.  The  foundation  so  prepared  has  a  length  of  183  feet  and  an 
average  width  of  45  feet. 

The  work  is  now  in  such  a  condition  that,  were  the  funds  available,  we  could  by  using 
the  Hallet's  Point  machinery  keep  a  dozen  rock-drills  continually  at  work.  This  would 
enable  the  machinery  to  be  used  to  the  best  advantage  and  would  result  in  reducing 
the  cost  of  excavation  to  a  minimum. 

Number  of  feet  of  holes  drilled 13,826 

Number  of  drills  sharpened 4,691 

Loss  of  steel  by  abrasion  and  dressing 359  pounds. 

Cost  of  drilling  per  linear  foot  of  holes... 42  cents. 

Cubic  yards  ofrock  removed » 1,462 

Average  drilling  required  per  cubic  yard 0  feet. 

Average  cost  of  explosives,  per  cubic  yard  of  rock 93  cents. 

It  will  thus  be  perceived  tbat  all  remaining  to  be  done  at  Hallet's 
Point  is  to  blow  down  the  rock  and  to  remove  all  the  dSbris^  by  means 
of  a  steam-grapple,  which  shall  be  foand  above  the  level  of  26  feet  at 
mean  low-water. 

Extensive  experiments  have  been  made,  ander  my  directions,  by  Gap- 
tain  Heuer  upon  various  explosives — nitro-glycerine,  dynamite,  rend- 
rock,  vulcan  powder,  nitro-naphthaline,  (vigorite,)  and  gun-cotton,  (the 
solid  compounds  being  used  both  wet  and  dry) — to  test  their  applica- 
bility to  the  purposes  of  demolition.  At  the  same  time,  experiments 
under  my  direction  have  been  conducted  by  Mr.  Julius  H.  Striedinger, 
assistant  engineer,  upon  wet  batteries,  wires,  ^nd  fuzes,  with  a  view  to 
their  ase  in  the  final  blast. 

I  have  in  this  connection  to  express  my  obligations  to  General  H.  L. 
Abbot,  U.  S.  A.,  in  charge  of  the  torpedo-school  at  Willet's  Point,  for 
his  revision  of  the  results  obtained  in  my  office,  with  his  more  extensive 
and  perfect  electrical  apparatus. 

A  full  description  of  the  method  to  be  adopted  will  be  furnished 
hereafter;  and  it  is  sufficient  here  to  say  that  we  are  now  ready  to  con- 
tract for  the  explosives,  cartridge-cases,  batteries,  wires,  and  fuzes. 

The  explosion  will  depend  as  to  time  upon  the  contractors,  but  it  is 
hoped,  if  no  delay  arise  from  them,  that  we  will  be  able  to  explode  the 
mine  by  the  1st  or  15th  day  of  September  next. 

STEAM-DEILLING  SCOW. 

The  subjoined  extracts  from  the  reports  to  me  of  Mr*  J.  H.  Striedinger, 
assistant  engineer,  in  superintendence  of  the  steam-drilling  scow,  will, 
it  is  believed,  convey  an  adequate  idea  of  the  work  of  this  machine 
during  the  fiscal  year  ending  June  30, 1876 : 

COENTIES  RE£F. 

Genkral  :  I  have  the  honor  to  report  upon  operations  of  the  United  States  steam- 
drilling  scow,  resulting  in  the  final  removal  of  Coenties  Beef  to  a  depth  of  26i  feet  at 
mean  low- water,  in  99  working  days,  from  Maj  A,  1875,  to  August  27, 1875,  as  follows : 

When  drilling  was  recommenced  the  maximum  length  of  Coenties  Reef  measured 
162  feet,  and  its  maximum  width  290  feet  within  the  2&i-foot  curve,  and  the  depth 
available  for  navigation  was  21^  feet  at  mean  low-water. 

At  the  beginning  of  the  season,  April  10, 1375,  there  was  introduced  into  the  back 
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smoke-box  of  our  boiler,  directly  above  the  exit  of  the  tubes  and  in  the  throat  of  the 
smoke-pipe,  a  coil  heater  arranged  in  the  form  of  a  continuous  series  of  small  return- 
pipes,  for  the  purpose  of  heating  the  feed-water  before  its  entrance  into  the  boiler. 

The  dome  was  also  provided  with  movable  iron  arms  containing  6-inch  holes  for 
shifting  drill-pipes  within  the  center  circle. 

These  ''  spectacle  frames ''  are  pivoted  in  the  center  and  are  easily  swung  by  the 
diver  to  any  desired  point,  and  there  clamped  to  the  rails  on  which  their  outer  ex- 
tremities rest.  Two  of  these  radiating  tongues  are  placed  in  each  quadrant  of  the 
inner  circle,  onis  resting  on  the  top  of  the  dome,  the  other  on  the  lower  inner  circle- 
band,  which  is  a  little  above  the  bottom  platform. 

In  addition  to  the  hydrographic  survey  of  Coenties  Reef,  executed  under  your  direc- 
tion in  1873,  the  character  of  the  tidal  currents  was  also  investigated,  and  some  sound- 
ings were  taken  off  Coenties  Reef.    The  results  of  these  observations  were  : 

The  ebb  current  runs  20  per  cent,  swifter  than  the  flood  current  over  Coenties  Reef. 

The  velocity  of  the  tidal  currents  gradually  diminishes  from  the  chahnel  end  of  the 
reef  toward  the  New  York  shore.  Maximum  ebb  and  flood  currents  do  not  set  quite 
in  opposite  directions,  the  angle  of  divergence  being  20^. 

At  mean  tides  the  ebb  current  assumes,  near  the  center  of  Coenties  Reef,  a  velocity 
of  nearly  2f  nautical  miles  per  hour. 

For  mean  spring- tides  the  above  velocities  are  to  be  increased  26  per  cent.,  and  for 
mean  neap  tides  to  be  decreased  21  per  cent. 

The  occurrence  of  maximum  ebb  current  happens  at  about  twelve  hours  twelve  min- 
utes after  moon's  transit,  that  of  maximum  flood  current  at  six  hours  nineteen  minutes 
after  the  moon's  southing. 

The  change  of  current— alackwater— takes  place  about  one  hour  and  thirty-five  min- 
utes after  the  stands. 

Mean  rise  and  fall  of  tides  off  Coenties  Slip  is  4.4  feet. 

In  spite  of  the  large  area  of  the  25i-foot  curve,  it  was  found  necessary  to  change 
the  anchors  but  twice  during  the  whole  time  of  operations. 

A  tide-gauge  was  established  at  pier  10,  East  River,  in  order  to  secure  a  constant 
and  reliable  reference  to  mean  low-water.    When  the  sight  from  the  scow  to  this 
gauge  was  covered  by  shipping,  another  tide-gauge,  fastened  to  the  south  side  of  pier 
8,  was  observed  by  one  of  the  crew,  and  copies  of  the  tidal  records  were  supplied  every 
fifteen  minutes. 

The  average  working-force  of  the  United  States  steam-drilling  scow  while  engaged 
on  Coenties  Reef  numbered  43  men,  consisting,  besides  myself,  of  1  mechanical  draughts- 
man, 3  divers,  1  chief  carpenter,  2  carpenters,  1  engineer,  6  drillers,  1  blaster,  2  black- 
smiths and  5  helpers,  17  sailors,  2  firemen,  1  time-keeper  on  the  dredge,  and  1  tide- 
gauger  on  the  scow. 

Ledges  of  rock  were  disposed  of  by  placing  the  dome  on  them  and  instituting  drill- 
ing, and  small  rocky  points  projecting  above  the  25^foot  curve  by  surface-blasting. 

No  change  was  made  in  the  general  form  of  the  tin  shells  used  to  contain  the  nlcro- 

flycerine  charges.  The  nitro-glycerine  was  furnished  at  a  temperature  of  about  65° 
'ahrenheit  by  Mr.  Warren,  and  stood  well  all  qualitative  tests.  It  was  brought  on 
board  the  scow  nearly  two  hours  before  the  explosion  of  the  charges,  in  quantities  to 
cover  the  blast,  and  if  any  nitro-glycerine  remained  it  was  taken  back  to  the  factory 
on  the  Jersey  Flats,  by  Mr.  Warren's  own  men,  directly  after  the  blast. 

The  explosion  of  the  nitro-glycerine  charges  was  chiefly  produced  by  detonating  in 
them  low-tension  fuses,  whose  wire  bridges  were  heated  by  the  voltaic  current. 

The  bridges  of  these  exploders  were  formed  of  platinum  wire  of  0.002  inch  in  diam- 
eter, (then  the  finest  platinum  wire  in  the  American  market,)  and  had  a  length  of  i^ 
of  an  inch.  Fulminate  of  mercury  was  employed  as  priming,  in  place  of  guu-cotton, 
on  account  of  the  great  technical  difficulties  in  manufacturing  perfect  gun-cotton 
fuses.  Those  fulminate  of  mercury  fuses  can  also  be  exploded  by  means  of  the  friction 
battery,  but  require,  in  this  case,  about  three  times  the  strength  of  current  as  Brown's 
No.  4  fuses. 

The  fuses  were  arranged  in  divided  circuit,  each  being  attached  by  connecting  wires 
(sample  No.  25,  size  18  X  9)  to  the  ends  of  the  leading  wires,  (sample  No.  19,  size 
12  X  5.) 

By  means  of  a  Morse  key,  a  sounder,  and  an  extremely  weak  cell,  each  low-tension 
fuse  was  tested  with  a  view  of  establishing  the  unbroken  condition  of  its  fine-wire 
bridge. 

Each  nitro-glycerine  cartridge  was  entered  into  the  drill-hole,  after  the  withdrawal  of 
its  plug,  by  divers,  and  in  order  to  accomplish  the  charging  of  ten  holes  or  more  during 
one  slackwater,  two  divers  (Messrs.  Conklin  and  Rogers)  attended  to  this  work,  each 
of  them  following  his  own  plug-lines,  and,  assisted  by  his  own  gang,  loaded  his  part 
of  drill-holes. 

Zinc-carbon  bichromate  batteries  were  employed  for  producing  the  galvanic  current 
necessary  for  exploding  the  low-tension  fuses. 

The  condition  of  each  battery  previous  to  the  blast  was  tested  by  finding  the  maxi- 
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mam  leDfj^th  of  a  platinam  wire  bridge  of  0.004  inch  in  diameter;  it  was  jast  able  to 
fuse  io  short  circuit. 

When  the  scow  was  removed  the  proper  distauce  from  the  charged  drill-holes,  the 
side  chains  toward  the  blast  and  the  two  center-chains  were  well  slackened.  By  doing 
so  the  shock  imparted  to  the  bottom  and  the  sides  of  the  scow,  dne  to  the  transmission 
of  explosion  by  the  practically  incompressible  water,  was  very  much  lessened  by  now 
acting  upon  a  vessel  freely  riding  at  anchor.  The  careful  execution  of  this  rule  ena- 
bled OS  to  fire  large'blasts  at  a  comparatively  short  distance  without  the  slightest  in- 
convenience, save,  perhaps,  a  salt-water  shower-bath.  For  instance,  not  the  least  jar 
was  felt  on  board  the  scow  when  1,003^  pounds  of  nitro-glycerine,  contained  in  16  drill- 
holes, was  touched  off  at  a  distance  of  27^  feet. 

The  blast  was  touched  off  by  means  of  a  Morse  key  inserted  into  the  circuit.  This 
arrangement,  in  place  of  the  touching  off  with  the  end  yf  the  leading- wire  at  one  pole 
of  the  battery,  has  the  advantage  of  a  more  conveni^t  closing  of  the  circuit,  and 
does  not  require  the  bringing  on  deck  of  the  batteries.    Not  one  miss-fire  happened. 

The  debris  were  taken  up  bv  one  large  Morris  &  Comings  dredge,  which  was  an- 
chored alongside  the  scow,  with  the  bucket  toward  the  less  swift  flood-current. 

Two  ebb-anchors  and  one  flood-anchor  were  run  for  the  dredge ;  a  line  made  fast  to 
the  United  States  steam-drilling  scow  substituted  the  dredge's  second  flood-anchor 
chain. 

Three  stone-scows,  each  of  about  250  tons  capacity,  were  employed.  While  one  was 
loading,  the  second  one  was  nnloading,  and  the  thiid  one  was  towing  from  the  dump- 
ing-place or  waiting  to  replace  the  second  scow  as  soon  as  filled. 

The  stone-scows  were  always  measured  empty  and  filled,  in  order  to  compute,  by 
means  of  their  displacement,  their  actual  stone-load.  By  careful  observations,  the 
average  specific  gravity  of  the  gneiss  forming  Coenties  Reef  was  found  to  be  2.734. 

Very  heavy  stones  were,  wnenever  required,  broken  up  by  drill-hole  or  surface- 
blasts  for  the  dredge.  On  June  11, 1875,  the  dredge  picked  up  one  blasted  stone  meas- 
nring  6  feet  by  6  feet  by  5^  feet,  and  weighing  about  15  tons.  In  the  first  attempt  of 
raising  it  one  good  hoisting-chain  of  the  dredge  broke ;  in  the  second  and  successful 
attempt  it  took  all  the  steam-power  of  the  dredge  to  succeed  in  raising  and  landing 
this  monster  fragment  on  the  stone-scow.  Captain  Conklin  had  charge  of  the  dredge. 
In  all,  the  dome  was  lowered  40  times  for  drilling  purposes.  In  addition  to  the  40  drill- 
hole blasts,  5  surface-blasts  were  exploded. 

^  The  following  exhibits  the  r68um4  of  the  drilling  and  blasting  and  dredging  opera- 
tions from  May  4, 1875,  to  August  27, 1875 : 

Total  number  of  holes  drilled 271 

ToUl  number  of  feet  drilled 2,017.93 

Total  amount  of  explosives  used  were,  for  40  drill-hole  blasts : 

Pounds  of  nitro-glycerine 13,402.05 

Pounds  of  dynamite 88 

For  5  surface-blasts : 

Pounds  of  nitro-glycerine 438 

Cubic  yards  of  rock  removed 1, 375 

Total  time  of  dredging 41  days,  8  hours,  5  minutes. 

Average  number  of  feet  of  drilled  holes  to  each  cubic  yard 1. 46 

Average  number  of  pounds  of  nitro-glycerine  to  each  cubic  yard 10. 06 

Average  number  of  feet  of  holes  drilled  by  each  machine,  per  shift  of  8  hours. .  5. 49 

Average  depth  of  holes,  feet 7.36 

Average  cost  of  linear  foot  of  hole  drilled,  including  placing  of  scow,  lower- 
ing of  dome,  expenses  for  drilling,  cost  of  sharpening  drills,  expenditure  of 

steel,  hoisting  up  dome  after  drilling  operations,  and  heaving  off  scow  ...  $3. 25 

Average  cost  of  sharpening  a  drill $1.41 

Average  number  of  feet  drilled  to  each  sharpening 7. 36 

Expenditure  of  steel  to  each  foot  of  hole  drilled  .^ 5. 6  oz. 

Average  cont  of  dredging  and  dumping  one  cubic  yard  of  debris $.^>.  34 

Cost  per  cubic  yard $33.89 

Considering  that  the  projecting  parts  of  the  reef  were  spread  over  a  very  large  area, 
and  that  it  was  very  difficult  to  prevent  the  filling  up  of  the  drill-holes  on  account  of 
the  rocky  snrface  having  been  shattered  by  futile  trials  at  removal  during  the  last 
twenty  years,  the  above  price  per  cubic  yard  of  reef  removed  will  appear  compara- 
tively very  low 

Ko  serious  accident  happened  during  the  whole  season. 

The  results  obtained  from  the  introduction  of  the  ^^coil  heater"  exceeded  even  our 
expectations,  inasmuch  as  by  simply  utilizing  the  great  amount  of  heat  which  was 
otherwise  lost  in  passing  directly  from  the  tnbes  into  the  smoke-pipe,  there  was  effected 
a  saving  of  about  30  per  cent,  of  fael,  besides  enabling  us  to  run  a  larger  number  of 

16  £ 
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drills— 9  in  place  of  the  previous?— and  giving  to  the  boiler  the  beneficial  effect  of  the 
entrance  of  hot  instead  of  cold  water  against  the  heated  iron. 

I  would  respectfully  state  that  this  improvement  is  due  to  Mr.  Kelly,  and  that  I  have 
been  informed  that  a  gentleman  of  Brooklyn,  Long  Island,  has,  about  two  months  ago, 
obtained  letters-patent  for  the  same  invention,  while  it  has  been  in  use  on  the  United 
States  drilling-scow  for  over  one  j'ear. 

The  frames  for  ahifting  drill-pipes  i)roved  themselves  as  very  practical  and  time-sav- 
ing appliances  for  readily  procuring  additional  drill-holes,  in  cases  where  the  fixed 
drill-pipes  would  not  promise  the  desired  number  and  depth  of  hole. 

Before  closing  this  report,  general,  I  beg  leave  to  acknowledge  the  able  co-operation 
in  the  execution  of  your  orders  I  again  enjoyed  by  Messrs.  James  R.  F.  Kelly  and 
Relies  Koirow  during  the  removal  of  Coenties  Reef. 

f  DIAMOND  BEEF. 

The  operation^  of  the  United  States  steam -drilling  scow  engaged  on  Diamond  Reef, 
New  York  Harbor,  from  October  8,  1875,-  to  November  24,  1875,  inclusive,  resulted  in 
the  removal  of  a  part  of  tbe  reef  to  a  depth  of  26  feet  at  mean  low-water.  Work  on 
the  remaining  portion  had  to  be  suspended  in  consequence  of  an  exhaustion  of  the 
funds  allotted  for  this  reef. 

When  drilling  wad  commenced  the  maximum  length  of  Diamond  Reef  measured  490 
feet,  and  its  maximum  width  256  feet  within  the  26-foot  curve;  also  the  draught  of 
water  was  19  feet  at  mean  low-water  over  its  shallowest  point. 

This  obstacle  to  navigation  consists  of  gneiss,  vertically  stratified,  overlaid  in  many 
places  with  bowlders,  sand,  and  clay. 

Diamond  Reef  being  but  600  yards  to  the  southwest  of  Coenties  Reef,  what  was 
stated  in  reference  to  tides  and  tidal  currents  there  holds  nearly  equally  good  here,  tbe 
only  difference  being  in  the  force  of  the  tidal  currents,  which  run  over  Diamond  Reef 
at  a  relatively  diminished  rate,  the  velocity  of  the  maximum  ebb  current  being  2 
nautical  miles,  and  of  the  maximum  flood  current  1.35  nautical  miles  per  hour  at  mean 
tides. 

The  greatest  number  of  holes  simultaneously  fired  on  this  reef  was  twenty-one,  with 
a  total  charge  of  1,146  pounds  of  nitro-glycerine,  this  being  the  largest  nitro-glycerino 
blast  on  our  record. 

There  has  not  been  a  single  miss-fire  to  note. 

The  dome  was  lowered  19  times  altogether  for  drilling  purposes.  lu  addition  to  the 
19  drill-hole  blasts,  4  surface-blasts  were  exploded. 

Two  collisions  happened  while  anchored  over  Diamond  Reef,  but  both  of  tbem  with- 
out serious  consequences  to  the  colliding  vessels 

The  following  is  a  r^um^ of  the  drilling,  blasting,  and  dredging  operations: 

Total  number  of  holes  drilled 131 

Total  number  of  feet  drilled 1,318.5 

Total  amount  of  explosive  used : 

For  19  drill-hole  blasts,  pounds  nitro-glycerine 8, 307 

For  4  surface-blasts,  pounds  nitro-glycerine 274 

Cubic  yards  rock  removed 971.7 

Total  time  of  dredging 23  days,8  hours,  15  minutes. 

Average  number  of  feet  of  drilled  holes  to  each  cubic  yard 1.^^ 

Average  number  of  pounds  of  nitro-glycerine  to  each  cubic  yard 8. 83 

Average  number  of  feet  of  holes  drilled  by  each  machine  per  shift  of  8  hours.  11. 79 

Average  depth  of  holes,  feet 10. 03 

Average  cost  of  linear  foot  of  hole  drilled,  including  placing  of  scow,  lower- 
ing dome,  expenses  of  drilling,  cost  of  sharpening  drills,  expenditure  of 

steel,  hoisting  up  dome  after  drilling  operations,  and  heaving  off*  scow.. . .  $2. 05 

Average  cost  of  sharpening  a  drill $1*41 

Average  number  of  feet  drilled  to  each  sharpening 10. 03 

Expenditure  of  steel  to  each  foot  of  hole  drilled,  ounces 4. 28 

Average  cost  of  dredging  and  dumping  one  cubic  yard  of  debris $4. 64 

Cost  per  cubic  yard f24. 53 

DETAIM  OF  DREDGING  OPERATIONS    ON    THIS    REEF    FOR    THE    MONTHS  OF  JITSK  AND 
JULY,  1875,  CARRIED  ON  WITH  A  VIEW  OF  EXPOSING  THE   COVERED-UP  ROCK. 

Cubic  yards  of  mud.sand,  clay,  and  bowlders  removed 1,481 

Total  time  of  dredging 28  days,8  hours, 22  minutes. 

Average  cost  of  dredging  and  dumping  one  cubic  yard  of  said  materials ^.  39 

In  order  to  give  to  navigation  the  maximum  benefit  to  be  derived  from  the  use  of 
the  small  appropriation  received  for  the  removal  of  Diamond  Reef,  the  most  projecting 
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points,  particnlarly  those  near  the  channel  edge  of  the  reef,  were  drilled  and  blasted 
first.  Since  this  modus  opi-randi,  as  may  be  expected,  seldom  enjoys  the  advantages  of 
"  face-blasting/'  the  eff»^ct.  of  the  explosives  was  comparatively  smaller ;  again,  the  work 
of  the  dredge  being  chietly  confined  to  narrow,  deep,  and  isolated  craters,  was  also  less 
efficacions.  Hence,  it  can  be  easily  accounted  for  that,  notwithstanding  the  operations 
of  the  scow  on  Diamond  Reef  having  been  pursued  with  the  usual  energy,  and  gnided 
by  additional  experience,  yet  the  cost  per  cubic  yard  removed  was  higher  than  on 
Way's  Reef,  and  on  the  reef  ott*  East  One  hundred  and  twenty-fifth  street,  Harlem 
River.  Still,  it  is  believed  that  with  a  liberal  amount  of  funds  at  hand.  Diamond  Reef 
could  be  removed  relatively  quicker  and  cheaper  than  the  above-named  obstructions. 
In  consequence  of  lack  of  resources,  no  submarine  drilling  and  blasting  work  was 
undertaken  by  the  United  States  steam-drilling  scow  this  spring,  which  is  much  to  be 
regretted,  because  these  interruptions  deprive  us  of  the  means  of  keeping  a  well- 
organized  crew  together,  chiefly  consisting  of  sailors,  who,  besides  being  first-class  sea- 
men, have  learned  to  become  clever  drillers,  good  diver-tenders,  and  careful  handlers 
of  explosives  while  engaged  on  the  scow. 

Amount  .isked  to  be  appropriated  for  the  fiscal  year  ending  June  30,  1878  : 

Work  of  steam-drilling  scow  on  Diamond  Reef,  Frying  Pan,  and  Shell- 
drake $150,000  00 

Excavations  at  Flood  Rock,  (Middle  Reef) 450,000  00 

600,000  00 

ORIGINAL  ESTIMATE. 

Reefs  at  Hell  Gate  and  Diamond  and  Coenties  Reefs 5, 139, 120  00 

Amount  appropriated 1, 690, 000  00 

Deduct  amount  reverted  t<\United  States  Treasury (^3, 158  55 

Deduct  amount  allotted  for  Harlefc  River 11,000  00 

14, 158  55 

1,675,841  45 
Amount  expended 1,621,699  99 

Amonnt  expended  during  year  ending  June  30,  1876 : 

Excavations  at  Hallet's  Point 88,530  52 

Excavations  at  Flood  Rock 22,393  19 

Steam-drilling  scow 74,527  00 

Allotment  for  Harlem  River 7,673  26 

Contingencies,  engineering,  &c ^ 5,453  03 

198,577  00 

Money  statement 

Amount  available  July  1,1875 |252,718  46 

Amount  expended  during  fiscal  year  ending  June  30, 1876 198, 577  00 

Amount  available  July  1,  1876 54,141  46 

Amount  appropriated  by  act  approved  August  14, 1876 250, 000  00 

Amonnt  (estimated)  required  for  completion  of  existing  project 3,213,278  55 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1878 600,000  00 


D  3. 

DREDGING  MUD-BARS  IN  HUDSON  RIVER,  OPPOSITE  JERSEY  CITY. 

Under  contract  with  Messrs.  Curtis,  Fobes  &  Co.,  dated  Anfrnst  18, 
1875,  105,924  cubic  yards  of  soft  material  was  dredged  from  that  portion 
of  the  river  in  front  of  Jersey  City,  extending  from  a  short  distance 
above  the  Jersey  City  ferry  to  a  short  distance  south  of  the  Cnnard 
docks.  The  contract  expiring  by  limitation  on  December  1,  1875,  au- 
thority was  granted  to  continue  the  work  at  the  contract-pricfe  by  hired 
labor,  and  under  this  arrangement  57,715  cubic  yards  were  removed, 
making  a  total  of  163,639  cubic  yards  of  material  removed. 
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ORIGINAL  ESTIMATE. 

Dreclf?iii|jr  221,300  cubic  yards,  at  40  cents $88,528  00 

Contingeocies  and  CDgineeriDg ^ 13,279  20 

101,807  20 

Money  statement 

Amonnt  available  July  1,1875 |-23,756  63 

AmooDt  expended  during  fiscal  year  ending  June  30, 1876 23,655  58 

Amount  available  July  f,  1876,  including  $93  due  on  contracts 101  05 

Amonnt  (estimated)  required  for  completion  of  existing  project 76, 807  20 

Ahairaot  of  hidafor  dredging  mvid-haT9  in  Hudson  Elver,  New  York. 


Bidden. 

Prioe  per  cubic  yard. 

tFAmea  D.  r<oarv ........................ 

14  cents,  measured  in  scow. 

A  ilHOtio  Dredirine  CotnDanv. .- 

17|  cents,  measured  in  scow. 
12{  cents,  measared  in  scow. 

Cartia.  Forbes  &Co 

Abstract  of  contract  for  dredging  mud-bars  in  Hudson  Eirer,  New  York, 


Contractor's  name  and 
address. 


Curtis,  Fobes  Sc  Co.,  Port- 
land, Me. 


Date  of  con- 
tract 


Subject  of  contract. 


Aug.  18, 1875  ;  50,000  cubic  yards,  more 
or  less. 


Bemarks. 


To  be  completed  by  December  1, 
1875. 


D  4. 

IMPROVING  HARLEM  RIVER,  NEW  YORK.    - 

The  subjoined  extracts  from  the  report  to  me  of  Mr.  J.  H.  Striedinger, 
assistant  engineer,  in  superintendence  of  the  steam-drilling  scow,  will, 
it  is  believed,  convey  an  adequate  idea  of  the  work  done  during  the 
fiscal  year  ending  June  30, 1876 : 

Operations  were  condacted  with  the  United  States  steara-drilliDg  scow,  and  resolted 
in  the  removal  of  the  reef  off  East  One  hnndred  and  twenty-fifth  street,  in  the  Har- 
lem River,  New  York  Harbor,  from  a  depth  of  9  feet  to  that  of  14^  feet  at  mean  low- 
water,  and  in  widenin^^  the  channel  120  feet,  in  36  working  days  from  August  27, 1B75, 
to  October  7}  1875,  inclusive. 

The  main  channel  is  on  the  New  York  side  of  the  river ;  the  river  to  the  eastward 
of  the  reef  is  onlv  safe  to  navigate  near  high-water.  The  river-bottom  is  muddy  op* 
posite  One  hundred  and  twenty-eighth  street,  and  stony  near  One  hundred  and 
twenty-third  street. 

The  water  is  pretty  clear,  particularly  during  the  first  quarter  of  the  ebb,  thus  en- 
abling the  diver  to  distinguish  objects  in  depths  of  21  feet. 

There  are  at  present  plying  between  Harlem  and  the  lower  part  of  New  York  City 
two  lines  of  steamboats,  of  which  the  Harlem  and  New  York  Navigation  Company  runs 
4  steamers,  making  on  an  average  23  round  trips,  or  46  passages,  per  day. 

The  Morrisania  Steamboat  Company,  being  the  other  steamboat  line,  runs  2  steam- 
ers, averaging  daily  10  round  trips,  or  20  passages.  Besides  the  large  and  swift  side- 
wheel  steamers  belonging  to  these  lines,  there  are  tows  of  a  freight-line  which  connect 
with  the  Port  Chester  Railroad,  and  numerous  craft  of  other  kind  frequenting  the  Har- 
lem River. 

When  drilling  was  commenced,  the  maximum  width  of  the  12-foot  low- water  chan- 
nel of  the  Harlem  River  between  the  reef  to  be  removed  and  the  New  York  shore  waa 
but  108  feet,  and  the  shallowest  point  of  the  rocky  obstruction  laid  9  feet  below  mean 
low-water  level. 

The  reef  runs  in  a  northeasterly  direction,  and  consists  of  gneiss,  having  a  dip  oT 
about  75°.  The  positions  of  the  drill-holes  were  plotted  by  myself  from  my  instru- 
mental observations  tAken  on  Randall's  Island  during  the  time  the  drilling-engines 
were  at  work. 
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Owing  to  the  existence  of  considerable  drifts  of  fine  sand  over  the  reef,  nearly  every 
hole,  after  the  withdrawal  of  the  drill,  required  the  insertion  of  an  empty  cartridge 
prmecting  some  15  inches  above  the  river-bottom. 

The  charges  consisted  of  nitro-glyceriue  in  tin  cartridge-cases. 

The  average  working  force  of  the  scow  while  engaged  on  the  One  hundred  and 
twenty-fifth  street  reef  nnmbered  48  men. 

On  account  of  the  close  proximity  of  the  obstrnction  to  the  land,  comparatively 
small  blasts  were  fired  in  the  beginning,  but  having  gradually  increased  the  number 
of  drill-holes  and  the  amount  of  explosive,  uutil  we  reached  as  high  as  16  of  the  former 
with  a  total  charge  of  710^  pounds  of  nitro-glyceriue,  we  found  that  even  this  quantity 
could  be  exceeded  with  safety,  because  the  stratification  of  the  reef  running  nearly 
parallel  to  the  shore,  the  effect  of  an  explosion  was  felt  more  in  a  northeasterly  and 
southwesterly  direction  than  along  the  shore  just  opposite  to  the  reef. 

Not  one  misfire  happened. 

The  blasted  rock  was  partly  taken  np  by  Messrs.  Morris  <&  Cumiugs's  dredge,  which 
was  set  to  work  whenever  the  greater  part  of  the  reef  was  covered  with  the  debris  of 
the  blasts. 

A  considerable  portion  of  the  dredging  had  to  be  left  undone,  owing  to  the  exhaus- 
tion of  the  funds  allotted  for  the  removal  of  this  reef. 

In  all,  the  dome  was  lowered  13  times  for  drilling  purposes.  In  addition  to  the  13 
drill-hole  blasts,  2  surface  blasts  were  exploded. 

The  following  exhibits  the  rSsum^ of  the  drilling,  blasting,  and  dredging  operations  : 

Total  number  of  holes  drilled 102 

Total  number  of  feet  drilled 931.16 

Total  amount  of  explosives  used  : 

For  13  drill-hole  blastn,  pounds  nitro-glycerine ^.    5, 640. 5 

For  2  surface  blasts,  pounds  nitro-glycerine 133.5 

Cubic  yards  rock  removed 1,003 

Total  time  of  dredging,  12  days,  1  hour,  5  minutes. 

Average  number  of  feet  of  drilled  holes  to  each  cubic  yard 0. 93 

Average  number  of  pounds  of  nitro-glycerine  to  each  cubic  yard 5. 75 

Average  number  of  feet  of  holes  drilled  by  each  machine  per  shift  of  8  hours  4.  ^^9 

Average  depth  of  holes,  feet 9. 02 

Averuge  cost  of  linear  foot  of  hole  drilled,  including  placing  of  scow,  lower- 
ing of  dome,  expenses  for  drilling,  cost  of  sharpening  drills,  expenditure  of 

steel,  hoisting  dome  after  drilling  operations,  and  heaviug  off  scow $3  24 

Average  cost  of  sharpening  a  drill |l  12 

Average  number  of  feet  drilled  to  each  sharpening 6. 01 

Expend iture  of  steel  to  each  foot  of  hole  drilled,  ounces 4.6 

Average  cost  of  dredging  and  dumping  one  cubic  yard  of  debris $2  32 

Cost  per  cubic  yard :. $16  53 

ORIGINAL  ESTIMATE. 

I.    Piers  Nos.  1,  3,  and  4,  of  old  bridge  off  foot  of  East  One 
hundred  and  fourteenth   street,  Harlem,  674.2  cubic 

yards,  at  |6  per  cubic  yard |4, 045  20 

II.  Candle-Factory  Beef,  foot  of  East  One  hundred  and  twen- 
ty-second street,  Harlem,  1,149.46  cubic  yards,  spread 
over  an  area  of  2,529  square  yards,  at  $72.81  per  cubic 
yard 83,703  00 

III.  Flat  rock  off  foot  of  East  One  hundred  and  twenty-fifth 

street,  Harlem,  304  feet  from  Harlem  shore,  333.6  cubic 
yards,  spread  over  an  area  of  508  square  yards,  at  $97.13 
per  cubic  yard 32,404  00 

IV.  Small  rock  in  midchannel  off  East  One  hundred  and  twen- 

ty-fifth street,  Harlem,  470  feet  from  Harlem  shore,  23.9 
cubic  yards,  spread  over  an  area  of  122  square  yards, 

at  $194.56  per  cubic  yard 4,650  00 

y.  Small  rock  at  the  mouth  of  Mott  Haven  Canal,  470.59  cubic 
yards,  spread  over  an  area  of  261.2  square  yards,  at  $45 

per  cubic  yard 21,176  55 

Contingencies,  15  per  cent,  of  the  above 21, 896  82 

Total 167,875  56 


Amount  appropriated •. $10,000  00 

Amonnt  allotted  from  East  River  and  Hell  Gate 11, 000  00 


$21,000  00 


Amount  expended 21.000  00 
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Money  statement. 

Amount  available  July  1, 1875 $17,673  26 

Amoant  expended  daring  fiscal  year  ending  June  30,  1876 17, 673  26 

Amount  (estimated)  required  for  completion  of  existing  project 14H,  875  56 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    50, 000  00 


SURVEY    OP  HARLEM  RIVER  FROM  WARD'S    ISLAND    TO    THE    MOUTH 

OF  SPUYTEN  DUYVIL  CREEK,  NEW  YORK. 

y     Supplementary  report. 

United  States  Engineer  Office, 

]!lew  York,  February  10,  1876. 

General:  In  the  report  made  February  18,  1875,  upon  the  examina- 
tion and  survey  of  the  Harlem  River  from  Ward's  Island  to  the  mouth 
of  Spuyten  Dny vil  Creek,  the  features  of  these  streams  in  their  present 
condition,  and  the  changes  which  would  be  experienced  after  the  pro- 
posed plans  were  executed,  were  both  described  in  as  much  detail  as 
was  necessary  for  the  comprehension  of  the  subject.  In  that  report  the 
compntation  of  the  velocities  of  the  improved  river  was  based  upon  the 
slopes  actually  observed  during  spring  tides  5  these  have  since  been 
reduced  to  mean  tides  and  the  maximum  mean  velocities  calculated. 

It  would  be  better  for  the  flow  of  water  if  artificial  banks,  parallel 
with  each  other,  could  be  raised  throughout  the  whole  course  of  the 
river,  but  as  the  convenience  of  commerce  demands  slips,  basins,  and 
piers,  these,  although  at  some  detriment  to  the  useful  eii'ect  of  the  im- 
provement, must  be  provided. 

The  outer  pier-Unes  on  either  bank  should  be  parallel  throughout,  and 
at  the  same  distance  apart,  in  order  to  secure  as  uniform  a  water-way 
as  possible,  for  the  reason  that  the  velocities  in  both  directions  will  de- 
pend upon  the  cross-sections,  and  a  decided  difference  in  these  must 
lead  to  the  formation  of  shoals  or  cause  very  unequal  depths. 

There  are  4  lines  exhibited  on  the  general  map  along  which  the 
connection  between  the  Harlem  and  Hudson  Rivers  might  be  made. 

1.  Sherman's  Creek,  Inwood  (or  Tubby  Hook.) 

2.  Sherman's  Creek,  bend  of  Spuyten  Duy vil  Creek  near  Johnson's 
Foundery. 

3.  Cut  through  Dykeman's  Meadows. 

4.  Spuyten  Duy  vil,  at  King's  Bridge. 

The  first  two  lines  involve  large  excavations,  and  probably  heavy 
land  damages,  and  would  lead  to  such  division  of  the  northern  part  of 
New  York  Island  as  might  prove  objectionable  to  the  public.  My  report 
of  February  18,  1875,  discusvsed  the  cut  through  Dykeman's  Meadows, 
but  the  line  by  way  of  King's  Bridge  being  preferred,  it  was  found,  by 
many  influential  citizens,  supplies  the  reason  why  comparative  projects 
and  estimates  for  the  two  locations  are  herewith  presented. 

This  comparative  estimate  includes  those  parts  only  of  the  two  schemes 
where  the  locations  are  different;  that  is,  from  a  point  1,200  feet  below 
Fordham  Bridge  to  the  east  side  of  Johnson's  Foundery. 

The  excavation  of  the  rock  is  estimated  in  both  cases  to  a  depth  of  18 
feet  below  mean  low-water,  and  of  the  earth  to  a  depth  of  15  feet  below 
the  same  datum. 

ESTIMATE. 

1.  The  cut  tbas  defined  through  Dykeman's  Meadows $1,963,000 

2.  The  same  throngh  Spuyten  Dnyvil,  by  way  of  King's  Bridge 3, 321, 000 

Difference  of  estimate  in  favor  of  the  first 1,358,000 
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These  estimates  do  no.t  inclade  land  and  property  damages.  The  cut 
through  Dykeman's  Meadows  would  pass  through  19.51  acres  of  land, 
mostly  unimproved,  and  of  salt  meadow,  and  necessitate  the  removal 
of  six  buildings. 

The  cut  via  King's  Bridge,  through  3.96  acres  of  property,  mostly  im- 
proved, 16.7  acres  of  salt  meadow,  and  would  require  the  removal  of  360 
feet  of  substantial  bulk-head  and  of  eleven  buildings. 

The  next  question  is,  whether  the  bend  by  way  of  King's  Bridge, 
largely  in  excess  of  that  through  Dykeman's  Meadows,  would  intluence 
too  unfavorably  the  tidal  exchange. 

The  maximum  mean  velocities,  (corresponding  to  the  maximum  slopes 
obtained  from  the  mean  tidal  curves,)  corrected  for  bends,  were  found  to 
be — 

Cat  via  Cnt  via  Dyke- 

King's  Bridge,    man's  Meadows. 

Feet  Feet 

From  Harlem  to  Hudson 3.599  3.713 

From  Hudson  to  Harlem 3.536  3.639 

The  difference  between  the  two  sets  of  velocities  is  not  great,  and 
hence  it  might  be  inferred  that,  so  far  as  the  tidal  exchange  is  in  ques- 
tion, the  cut  by  way  of  King's  Bridge  would  meet  the  requirements. 
The  mean  velocities  thus  obtained  correspond  to  the  mean  wetted  peri- 
meters of  the  particular  slopes,  and  although  not  isochronal  with  the 
actual  period  of  these  slopes,  must  be  calculated  from  them  as  effects 
from  causes. 

By  the  same  process  the  mean  velocities  from  each  particular  slope, 
or  from  as  many  as  might  be  necessary  to  construct  a  curve  of  veloci- 
ties, might  be  separately  calculated  for  the  two  tides,  and  results  inter- 
esting to  the  future  regimen  of  the  river  would  probably  be  the  fruit  of 
such  labor.  It  was  not  necessary,  liowever,  at  this  time  to  enter  into 
lengthened  calculations  which  would  not  change  the  conclusions  already 
arrived  at  in  regard  to  this  river. 

The  cut  via  King's  Bridge  is  preferred  by  some  because  of  the  idea 
that  the  other,  through  Dykeman's  Meadows,  by  taking  off  the  body  of 
the  water,  would  influence  injuriously  the  present  King's  Bridge  chan- 
nel, causing  it  to  silt  up,  and  thus  destroy  the  drainage  of  a  section  of 
country  of  which  this  channel  is  now  the  outlet.  But  this  supposition 
is  wide  of  the  truth,  for  in  fact  it  would  be  a  judicious  recommendation 
to  increase  somewhat  the  cross-section  of  the  King's  Bridge  channel, 
(after  making  the  cut  at  Dykeman's,)  in  order  to  afford  a  freer  flow  of 
tides,  which  would  be  somewhat  obstructed  by  the  bend  of  the  Dyke- 
man's channel. 

Again,  it  is  said  that  if  the  Dykeman's  cut  be  made,  two  dredges 
instead  of  one  would  be  required  for  the  King's  Bridge  road.  This  is 
true:  but,  on  the  other  hand,  if  the  King's  Bridge  channel  be  chosen  as 
the  line  of  improvement,  the  low  bridge  now  existing,  which  ha,s  no 
draw,  must  be  replaced  by  a  high  bridge  or  tunnel,  and  the  present 
Fordham  bridge,  which  is  of  the  same  character,  must  also  be  replaced 
after  a  similar  fashion. 

This  is  all  that  needs  to  be  said  by  way  of  comparison  of  the  two  lines. 

Whatever  line  of  improvement  be  adopted  by  the  Government,  I  beg 
leave  to  reiterate  the  substance  of  what  was  said  in  the  previous  report, 
of  the  necessity,  before  work  is  actually  begun,  of  a  clear  understanding 
and  definite  agreement  concerning  the  character  of  future  bridges  and 
of  the  modification  of  existing  ones;  the  depth  at  which  all  tunnels 
should  be  driven,  and  the  settlement  of  land-damages.    The  contour 
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lines  of  tbe  topography  have  been  copied  from  maps  of  the  department 
of  parks. 
Bespectfally  submitted. 

John  Newton, 
Lieut  Col.  Engineers^  BvL  Maj,  Oen. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


D5- 

IMPROVING  PASSAIC  RIVER,  NEW  JERSEY. 
BELLEVILLE  BAR. 

The  removal  of  the  shoal  at  the  upper  lend  of  the  dike,  of  which  men- 
tion was  made  in  my  last  annual  report,  was  completed  in  the  month  of 
July,  1876. 

In  the  month  of  September  the  cut  through  this  bar  was  swept  over, 
and  some  loose  stones  were  found  in  the  channel  and  removed ;  also  a 
projection  of  solid  stone,  on  which  it  was  necessary  to  make  a  surface- 
blast,  using  36  pounds  of  Vulcan  powder,  which  broke  it  up,  and  the 
pieces  were  removed. 

In  sweeping  this  channel  there  was  found  a  collection  of  sand  which 
shoaled  tbe  channel  some  ^  of  a  foot,  which  was  probably  due  to  the 
obstructing  of  the  east  draw  of  the  bridge  by  the  dSbris  of  the  bridge, 
which  took  fire  August  21,  1875,  and  fell  into  the  draw.  This,  when 
the  bridge  was  rebuilt,  was  removed  ;  but  a  quantity  of  stone,  which 
either  fell  or  was  thrown  into  the  draw,  still  remains  and  renders  it  una- 
vailable for  navigation.  The  bridge  is  used  by  the  Midland  Eailroad 
Company,  who  should  be  held  responsible  for  this  state  of  things. 

RUTHERFORD  PARK  BAR. 

The  small  drilling-scow  was  engaged  in  straightening  the  cut  through 
this  bar  by  removing  projecting  masses  of  bed-rock,  the  stone  in  many 
cases  requiring  to  be  drilled  and  blasted,  when  it  was  taken  up  by 
means  of  a  small  grapple  rigged  on  the  drilling-scow.  Thirty-seven 
surface-blasts  were  made  and  fifteen  holes  drilled  to  an  average  depth 
of  5  feet  each. 

HOLSMAN'S  BAR. 

Work  on  this  bar  was  commenced  by  the  small  drilling-scow,  followed 
by  a  dredging-macbine  hired  by  the  day. 

The  small  drilling-scow  was  engaged  in  removing  stone  from  the  reef, 
so  that  the  dredging-machine  could  commence  operations.  With  the 
dredging-machine  two  cuts  were  made  through  the  bar,  giving  a  width 
of  50  feet  at  the  top  and  40  feet  at  the  bottom,  and  1,300  feet  long,  with 
a  depth  of  6  feet  at  low- water. 

A  small  bar  above  Holsman's  was  also  removed  by  the  dredging-ma- 
chine, making  a  cut  about  300  feet  in  length. 

Original  estimate $123,926  00 

Amount  appropriated 90,000  00 

Amount  expended 89,563  53 
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Money  statement. 

Amonnt  avaUable  July  1, 1875 $17,234  10 

Amoant  expended  darinff  fisoal  year  ending  June  30, 1876 16, 770  63 

Amount  available  Jnly  1, 1876 463  47 

Amoant  appropriated  by  act  approved  August  14, 1876 10, 000  00 

Amoant  (estimated)  required  for  completion  of  existing  project 24, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .  24, 000  00 


D  6, 
IMPROVING  EAST  CHESTER  CREEK,  NEW  YORK. 

This  work  is  still  awaiting  the  result  of  the  efforts  of  the  State  com- 
missioners appointed  to  purchase  and  condemn  certain  marsh-lands  in 
the  vicinity  of  Lockwoods,  through  which  the  proposed  channel  will  be 
cut.  There  has  been  considerable  delay  experienced  by  the  commis- 
sioners in  obtaining  a  title  to  all  the  several  parcels  of  land  required, 
and  until  the  whole  matter  was  satisfactorily  adjusted,  I  would  not 
agree  to  begin  the  construction  of  the  project  for  thcimprovement. 

I  have  been  informed  within  a  few  days  that  the  arrangements  of  the 
commissioners  have  been  perfected  with  regard  to  all  the  parcels  of  land 
save  one,  and  that  at  an  early  date  I  may  expect  to  be  officially  informed 
that  the  legal  impediments  to  a  recommencement  of  operations  will 
have  been  removed. 

Some  further  surveys  have  been  made,  in  order  to  determine  the  best 
line  for  the  cut  through  the  land  near  Lockwoods,  and  which  the  com- 
missioners are  endeavoring  to  secure. 

ORIGINAL  ESTIMATE. 

Basin^parcbaaeof  site,  18  acres,  at  $1S0 $2,700  00 

Excavation  to  level  of  mean  low-water,  200,000  cubic  yards,  at  40  cents.. . .  80, 000  00 

Excavation  of  cut,  60,000  cubic  yards,  at  40  cents 24,000  00 

Diking  and  revetting  banks  of  cut 12,000  00 

Engineering  and  contingencies 17,800  00 

Total 136,500  00 

Amonnt  appropriated $:J7, 000  00 

Amoant  expended 6,179  18 

East  Chester  Greek  is  in  collection-district  No.  10. 

Money  statement. 

Amount  available  July  1,1875 |32,519  79 

Amonnt  expended  during  fiscal  year  ending  June  30, 1876. 1, 698  97 

Amount  available  July  1,1876 30,820  82 

Amonnt  (estimated)  required  for  completion  of  existing  project 136, 500  00 


HARBOR  AT  PORT  CHESTER,  NEW  YORK. 

There  being  no  appropriation  for  this  work,  no  operations  were  con 
dacted  daring  the  year. 

Amoant  necessary  to  complete  the  original  project,  $84,632. 
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ORIGINAL  ESTIMATE. 

Removing  rocks  aud  building  breakwater |06, 632  00 

Amount  appropriated 12,000  00 

Amount  expended 9,763  30 

Money  statement. 

Amountavailable  July  1,1875 $2,236  70 

Amount  available  July  1,1876 2,2:^  70 

Amount  (estimated)  required  for  completion  of  existing  project 84, 632  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878, 
to  complete  the  removal  of  sunken  rocks 60, 000  00 


D  8. 
IMPROVING  HARBOR  AT  RONDOUT,  N.  Y. 

No  appropriation  was  made  for  this  work  for  this  year. 

DariDg  the  winter  of  1874-'75,  the  ice  caused  considerable  damage  to 

the  north  dike,  and  the  following  allotments  were  made  for  repairs  to 
the  pile-dike  and  to  the  crib  sunk  at  the  end  of  the  dike : 

Repairs  of  harbors  on  the  Atlantic  coast $762  18 

Contingencies  of  rivers  and  harbors,  &c 237  82 

1,000  00 

ORIGIKAL  ESTIMATE. 

North  dike $41,600  00 

Branch  dike 34,400  00 

South  dike 59,600  00 

Dredging  channel 14,400  00 

Contingencies  and  engineering 22,500  00 

Total 172,500  00 

Amount  appropriated $30,000  00 

Amount  expended 29,990  69 

Money  statement 

Amount  available  July  1,1875 $9  31 

Amount  available  July  1, 1876 9  31 

Amount  appropriat-ed'by  act  a]>proved  August  14, 1876 30, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 112, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  74, 000  00 


D  g. 

IMPROVING  CHANNEL  BETWEEN  STATEN  ISLAND  AND  NEW  JERSEY. 

Ko  work  has  been  done  during  the  year,  as  no  appropriation  was 
made. 

The  Board  of  Engineers  appointed  to  examine  and  report  a  plan  for 
the  farther  improvement  of  this  channel  made  their  report  December 
15, 1875. 

ESTIMATE  OF  BOARD  OF  ENGINEERS. 

Dredifing  230,000  cubic  yards,  at  16  cents $36,800  00 

Contiugeuciesi  10  percent 3,6^^0  00 

40, 480  00 
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Moneif  statement. 

m 

Amonnt  available  July  1,  I87r» 8254  24 

Amount  expended  during  fiscal  year  ending  June  30,  1876 24  50 

Amount  available  July  1,1876 229  74 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 

Amonnt  (estimated)  required  for  completion  of  existing  project 30,480  00 


board  of  engineers, 
letter  op  the  chief  of  engineers. 

Office  of  the  Chief  of  Engineers, 

Washington,  D.  (7.,  December  18, 1875. 

Sir  :  I  bave  the  honor  to  submit  the  report  of  the  Board  of  Engineer 
Officers  convened  by  Special  Orders  No,  74,  Adjutant-General's  OflBce, 
April  26,  1875,  to  comply  with  section  3  of  the  river  and  harbor  act  of 
March  3,  1875,  which  provides  "  that  the  Secretary  of  War  shall  con- 
vene a  Board  of  Engineers  to  examine  and  report  at  the  next  session  of 
Congress  a  plan  for  the  improvement  of  the  channel  between  Staten 
Island  and  New  Jersey.'' 

An  examination  and  survey  of  this  channel,  with  the  view  to  its  im- 
provement, was  provided  for  in  the  act  of  June  10,  1872.  This  duty 
was  assigned  to  Lieut.  Col.  John  Newton,  Corps  of  Engineers,  who  sub- 
mitted a  report  thereon,  suggesting  two  modes  of  improvement,  the  one 
permanent  by  means  of  dikes  and  dredging ;  the  other  by  dredging 
alone,  but  requiring  continued  repetition  of  the  same  process.  The  for- 
mer was  adopted,  and  the  appropriation  of  June  23,  1874,  was  applied 
to  the  building  of  about  2,240  feet  of  dike,  as  a  commencement  of  the 
permanent  plan. 

The  Board  believe  in  the  efficacy  of  this  dike  system  of  improvement, 
as  projected  by  Lieutenant-Colonel  Newton,  to  produce  and  maintain  a 
deep-water  channel,  and  that  it  will  secure  a  channel  of  sufficient  depth 
to  meet  the  present  and  prospective  wants  of  commerce;  but  they  do 
not  recommend  the  continuance  of  the  work,  on  the  ground  that,  what- 
ever may  have  been  the  prospective  requirements  of  commerce  on  this 
route  three  years  ago,  its  present  needs  (owing  to  a  change  in  the  loca- 
tion of  the  principal  shipping  port  for  coal  in  vessels  of  large  draught) 
•do  not  call  for  a  14foot  channel  to  be  attained  by  the  construction  of 
dikes  at  large  cost,  but  that  the  existing  channel  can  be  sufficiently  im- 
proved by  dredging  to  a  depth  of  from  10  to  11  feet  at  mean  low-water 
to  accommodate  the  present  commercial  interests;  and  they  submit  a 
plan  in  accordance  with  which  they  recommend  that  this  deepening  and 
widening  should  be  effected,  with  an  estimate  of  cost  thereof,  for  a  depth 
of  11  feet  and  width  of  500  feet,  of  $40,480. 

This  improvement  will,  however,  require  small  expenditures,  from 
time  to  time,  for  its  maintenance. 

Very  respectfully,  your  obedient  servant, 

A.  A.  Humphreys, 
Brigadier' General  and  Chief  of  Engineers. 

Hon.  W.  W.  Belknap, 

Secretary  of  War. 
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report  of  the  board  of  engineers. 

Army  Building, 
New  Torkj  November  30, 1875. 

General  :  The  Board  of  Engineers  constitnted  by  the  following  or- 
der: 

[Special  Orders  No.  74.] 

War  Department,  Adjutant-General's  Office, 

Washington,  Apnl  26, 1875. 
[Extract.] 

4.  In  accordance  with  section  3  of  the  act  of  Congress  approved  March  3, 1875,  pub- 
lished in  General  Orders  No.  34,  March  23, 1875,  from  this  office,  a  Board  of  Engineers, 
to  consist  of  Col.  Z.  B.  Tower,  Lient.  Col.  H.  G.  Wright,  Lieut.  Col.  John  Newton, 
Lieut.  CoL  J.  D.  Kurtz,  will  convene  in  the  city  of  New  York  on  the  12th  day  of  May, 
1875,  or  as  soon  thereafter  as  practicable,  to  examine  and  report  a  plan  foY  the  improve- 
ment of  the  channel  between  Staten  Island  and  New  Jersey. 

Capt.  William  H.  Heuer,  Corps  of  Engineers,  will  report  to  the  Board  for  duty  as 
recorder. 

By  order  of  the  Secretary  of  War. 

E.  D.  TOWNSEND, 

Adjutau  t-Getieral. 

met  at  the  Army  building,  New  York,  May  12,  1875,  all  the  members 
and  the  recorder  present. 

From  General  Newton,  verbally,  and  from  his  general  and  special 
reports,  and  plans  presented  in  illastration  thereof,  aided  by  (Joast- 
Survey  charts  and  by  a  visit  to,  and  personal  examination  of,  the  line  of 
channel-improvement  proposed,  the  Board  were  enabled  to  inform  them- 
selves as  to  the  nature  of  the  problem  submitted  for  their  consideration 
and  report. 

Other  questions  growing  out  of  this  contemplated  improve  ment,  in 
volving  riparian  rights,  local  privileges  and  usages,  and  the  wishes  and 
interests  of  the  Delaware  and  Baritan  Canal  Company,  were  fully  set 
forth  by  General  Newton.  The  parties  whose  interests  were  thus  in- 
volved expressed  a  desire  to  present  their  views  relative  to  the  channel- 
improvement  under  consideration. 

Their  request  was  willingly  and  promptly  acceded  to ;  maps  of  the 
locality  were  offered  them,  and  they  were  asked  to  present  their  views 
to  the  Board  in  writing.  A  reply  was  received  from  Mr.  J.  W.  Merse- 
reau  only. 

Having  investigated  the  main  subject  at  issue,  and  the  various  ques- 
tions connected  therewith,  we  now  submit  the  following  report  thereon, 
with  a  method  of  channel-improvement  which,  in  our  opinion,  will  meet 
the  present  needs  of  commerce,  though  it  will  not  be  of  a  permanent 
character,  but  will  rather  lead  to  small  expenditures  from  time  to  time 
for  its  maintenance. 

BEPOBT. 

A  description  of  the  channel  under  examination,  with  a  brief  notice 
of  the  plan  proposed  for  its  improvement  by  General  Newton,  and  of 
the  opposition  raised  thereto,  seems  necessary  for  a  ready  comprehen- 
sion of  the  whole  subject  involved  in  this  report. 

The  channel  between  Staten  Island  and  New  Jersey  consists  of  Kill 
von  Eull,  separating  the  north  part  of  said  island  from  Bergen  Point ; 
of  the  southern  waters  of  Newark  Bay,  t.  e.,  the  present  narrow  passage- 
way for  vessels  passing  between  Shooter's  Island  and  the  New  York 
shore,  and  thence  by  a  curved  liue  around  the  corner  stake-light  to 
Elizabethport ;  and  of  Arthur  Kill,  extending  from  Newark  Bay  to  Perth 
Amboy,  where  its  waters  open  into  Baritan  Bay. 
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The  waters  of  Kill  von  Kail  are  deep  and  wide,  and  present  no  ob- 
structions to  navigation  other  than  those  due  to  the  tidal  carrents  which 
flow  contrariwise  to  those  of  Kew  York  Bay  between  the  city  of  New 
York  and  Staten  Island,  and  hence,  in  their  passage  to  the  city,  vessels 
mast  meet  headcarrents  in  one  or  the  other  portion  of  the  ronte. 

The  channel  of  Arthur  Kill,  in  portions,  is  narrow  and  winding,  its 
soundings  showing  a  minimum  depth,  at  a  few  points  only,  of  from  13 
to  14  feet  at  mean  low- water.  These  depths  could  be  increased  without 
involving  large  expenditures;  but  as  at  high-water  a  draught  of  about 
17  feet  can  pass  these  shoalest  places,  the  present  commerce  of  this  kill 
would  not,  in  our  opinion,  justify  expenditures  to  give  its  channel  a 
greater  depth.  The  passage-way  for  vessels  crossing  the  southern  waters 
of  Newark  Bay,  from  Elizabethport  to  Kill  von  Kull,  has  a  minimum 
depth  at  mean  low- water  of  about  9^  feet.  The  western  portion  of  this 
channel,  where  shoal,  is  narrow  and  curved,  and  does  not  retain  6ven 
this  depth  of  9^  feet  throughout  its  width.  Though  with  favorable  tides, 
and  currents,  and  winds  sailing-vessels  of  13  feet  draught  may  safely 
pass  through  this  channel,  the  general  commerce  of  these  waters  must 
be  confined  to  shipping  of  less  draught.  The  Coast  Survey  chart,  pre- 
pared more  than  thirty  years  ago,  shows  a  minimum  depth  in  Arthur 
Kill  channel  of  10  feet  at  one  point,  and  of  11  and  12  at  others.  The 
increased  use  of  this  channel  since  that  date  seems  to  have  improved  it« 
and  there  is  no  reason  for  apprehending  any  unfavorable  change  to  its 
regimen  if  left  undisturbed. 

Its  influx  and  reflux  tidal  waters,  aided  by  the  stirring-up  effects  of 
passing  steamers  and  other  vessels,  seem  to  have  removed  silt  depos- 
ited on  these  shoal  places  of  the  channel.  This  same  chart  shows  by 
the  bottom-curves  that  the  flood-tide,  by  virtue  of  its  onward  moving  or 
living  force,  extends  its  erosive  effect  for  a  distance  of  about  1,200  yards 
into  Newark  Bay  before  losing  that  concentrated  force  by  dispersion. 

As  the  outflowing  waters  of  the  reflux  tide  are  not  concentrated  until 
they  enter  Arthur  Kill,  their  erosive  effect  in  Newark  Bay  is  of  little  or 
uo  effect  upon  this  bay  channel.  The  influx  waters  of  Kill  von  Kull,  with 
a  cross-section  many  times  larger  than  those  of  Arthur  Kill,  and  a  more 
rapid  flow,  mainly  pass  around  Bergen  Point  and  go  northward.  A 
portion,  however,  by  virtue  of  its  onward  force,  and  by  reason  of  the 
widening  of  the  water-way,  drives  forward  between  Staten  and  Shooter^s 
Islands,  eroding  there  a  deep  channel,  and  thence  passes  with  a  curve 
to  be  lost  in  the  bay-expanse  northward.  The  bottom-curves  on  the 
chart  show  that  the  erosive  effect  of  this  influx  reaches  toward  that  of 
Arthur  Kill,  but  that  the  velocity  of  both  currents  is  so  far  diminished 
by  dispersion  as  to  leave  between  the  10-foot  curves  of  the  two  channels 
a  wide  bar,  shoaling  up  in  former  times  to  a  depth  of  5  feet  at  mean  low- 
water. 

The  reflux  tide  by  the  way  of  Kill  von  Kull  is,  in  the  main,  the  reverse 
of  the  inflowing,  and  its  erosive  effects  are  favorable  to  the  maintenance 
of  the  existing  channels.  The  principal  channel  of  Newark  Bay  ap- 
proaches the  eastern  shore  in  its  southern  portion,  and  in  its  upper 
meets  the  united  waters  of  the  Passaic  and  Hackensack  Kivers,  and 
connects  them  with  Kill  von  Kull,  through  which  they  mainly  flow  into 
New  York  Bay. 

From  this  review  it  will  be  seen  that  there  was  formerly  no  continuous 
channel  across  the  south  waters  of  Newark  Bay  to  Kill  von  Kull,  but 
that  a  shoal  of  from  5  to  6  feet  of  water  thereon  at  low-tide,  of  many 
yards  in  extent  from  east  to  west,  lay  across  the  passage-way  from  Eliza- 
bethport channel  to  that  of  Shooter's  Island.  The  development  of  com- 
merce on  these  waters  by  the  construction  of  the  Delaware  and  Baritan 
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Canal,  in  connection  with  the  rapid  growth  of  our  country  in  the  last 
thirty  or  forty  years,  and  with  the  advance  of  Elizabeth  port  as  a 
shipping  terminus  of  the  Central  New  Jersey  Eailroad,  has  called  into 
use  large  transport-fleets  of  sailing-vessels,  tow-barges,  propellers,  and 
other  steamers,  on  this  passage-way  between  Staten  Island  and  New 
Jersey,  which,  by  frequent  and  almost  continuous  transit  to  and  fro, 
have  stirred  the  soft,  muddy  bottom  of  the  shoal  in  question,  and 
removed  the  floating  silt  so  as  to  increase  the  depth  thereon  almost 
4  feet — in  fact,  have  created  a  useful  channel,  navigable  at  all  stages 
of  the  tide  by  small  sailing-vessels  and  propellers,  and  by  canal- 
barges  towed  by  steamers,  which  formerly  could  pass  over  this  route 
only  toward  the  period  of  high- water.  It  is  stated  by  Mr.  John  Bon- 
uell,  harbor-master  of  Elizabethport,  that  about  5,000,000  tons  of  freight 
pass  through  the  Delaware  and  Raritan  Canal  yearly,  and  that  other 
ports  in  New  Jersey  have  a  commerce  of  about  3,000,000  tons.  While 
almost  all  of  the  first  amount  passes  through  the  channel  between  Stateu 
Island  and  New  Jersey  in  vessels  and  barges,  it  is  presumed  that  the 
greater  part  of  the  3,000,000  tons  also  takes  the  same  route,  as  Eliza- 
bethport still  continues  to  be,  to  a  large  extent,  the  coal  shipping  port 
for  the  Central  Kailroad  of  New  Jersey.  It  is  readily  seen  that  barges 
under  tow  and  small  vessels  that  can  pass  the  Karitan  Canal  will  find 
no  serious  difliculty  from  the  shoal ness  of  the  water  in  the  channel 
across  Newark  Bay,  the  minimum  depth  of  which  is  about  9^  feet. 
Nevertheless,  the  narrowness  of  the  channel  maintaining  that  depth  at 
low-water  will  inconvenience  them  somewhat,  as  well  as  sailing-vessels, 
when  the  currents  and  winds  are  unfavorable,  and  especially  when 
meeting  large  tows,  and  when  transports  are  numerous  in  the  curved 
and  narrow  portions  of  the  channel  near  the  corner  stake-light. 

It  was  probably  the  presentation  of  these  inconveniences  and  impedi- 
ments to  navigation  in  the  channel  across  Newark  Bay  that  induced 
the  Congress  of  the  United  States,  by  act  approved  June  23, 1874,  to 
appropriate  850,000  for  "  improving  the  channel  between  Stateu  Island 
and  New  Jersey.''  To  General  Newton,  lieutenant-colonel  of  engineers, 
was  assigned  the  dutj^  of  presenting  a  project  for  this  expenditure. 

This  project,  in  accordance  with  his  plan  of  improvement  submitted 
in  1873,  was  approved  by  the  Chief  of  Engineers  July  13,  1874.  This 
plan,  as  well  as  the  general  reasons  in  support  thereof,  is  set  forth  in 
ins  report  of  February  21,  1873,  and  in  his  communication  of  May  12, 
1875. 

This  Board  concur  with  General  Newton  as  to  the  efficacy  of  his  plan 
to  produce  and  maintain  a  deep-water  channel,  believing  that  his  reason- 
ing thereupon,  while  correct  in  principle,  would  be  found  sound  if  prac- 
tically tested.  This  plan  consists  simply  in  continuing  Arthur  Kill 
between  two  dikes  to  the  deep  channel  on  the  east  shore  of  Newark 
Bay.  These  dikes  will  not  follow  the  present  crooked  channel,  but  will 
pass  to  the  north  of  Shooter's  Island,  the  south  dike  probably  turning 
up  the  bay  toward  the  main  channel,  its  direction  and  length,  however, 
being  determined  in  the  progress  of  construction.  It  is  apparent  that, 
to  leave  a  suitable  opening  for  intercepting  a  sufficient  portion  of  the 
outflowing  waters  from  the  bay  above  that  they  may  be  turned  seaward 
through  Arthur  Kill,  the  north  dike  should  not  be  prolonged  as  far  east 
as  the  south.  To  illustrate  this  plan  more  fully,  let  us  suppose  that  the 
flats  of  Newark  Bay  above  the  proposed  north  dike  were  land,  and  that 
Staten  island  extended  to  the  proposed  south  dike,  leaving  the  main 
channel  of  the  united  rivers  in  their  course  to  Kill  von  Kull  undisturbed. 
The  form  would  be  that  of  a  delta,  dividing  the  united  river- waters,  so 
that  in  reflux  and  influx  about  the  same  relative  portions  would  flow 
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through  the  two  kills  as  at  present.  It  seems  impossible  to  escape 
the  conclusion  that,  under  such  conditions,  the  regimen  of  the  two 
branches  would  not  be  changed,  or  that  it  would  not  vary  essentially 
from  the  result  to  be  obtained  by  General  Newton's  project  further  than 
this,  that,  while  Newark  B.iy  exists,  a  larger  body  of  water  with  the 
rising  tide  flows  in  by  the  two  kills  to  fill  it,  and  thence  outward  to 
empty  it ;  thus  giving  rise  in  both  kills  to  greater  rapidity  of  current 
and  erosive  effects,  a  circumstance  favorable  to  the  maintenance  of  the 
present  depth  of  these  kills. 

The  southern  dike  was  commenced  at  its  western  end  November  4, 
1874,  and  was  constructed  for  a  length  of  2,237  feet  eastward  by  May 
20,  1875,  at  which  date  work  thereon  was  discontinued.  Opposition  to 
General  Newton's  project  was  manifested,  about  the  time  the  dike  was 
commenced,  on  the  part  of  oystermen,  on  the  ground  that  it  interfered 
with  their  business.  General  Newton,  how^ever,  offered  to  leave  open- 
ings in  the  south  dike  from  space  to  space  to  permit  the  passage  of 
oyster-boats.  One  opening  has  already  been  left  for  that  purpose.  The 
most  important  opposition  to  it,  however,  was  manifested  by  the  com- 
pany engaged  in  the  transportation  of  freight,  in  amount  about  5,000,000 
tons,  through  the  Delaware  and  Karitau  Canal. 

These  interests  procured  the  passage  of  resolutions  by  the  New  York 
legislature,  January  22,  1875,  protesting  "  against  the  projected  mode 
of  improvement  of  the  Kill  von  Kull,"  &c.,  and  requesting  ''the  Sena- 
tors and  Representatives  from  New  York  in  the  Congress  of  the  United 
States  to  obtain  a  modification  of  the  plan  of  said  improvement."  Fol- 
lowing, and  presumably  in  consequence  of,  these  resolutions,  Congress, 
by  section  3  of  act  approved  March  3,  1875,  made  provision  for  the  ap- 
pointment of  a  Board  "  to  examine  and  rei)ort  a  plan  for  the  improve- 
ment of  the  channel  between  Staten  Island  and  New  Jersey." 

Designated  by  the  Secretary  of  War  to  perform  this  duty,  and  hav- 
ing fully  reviewed  the  subject  as  above  set  forth,  we  are  of  opinion  that 
General  Newton's  plan  of  improvement  will  secure  a  channel  of  sufficient 
depth  across  Newark  Bay  to  meet  the  present  and  prospective  needs  of 
commerce  on  these  waters.  We  do  not,  however,  recommend  that  this 
plan  be  carried  out,  for  the  following  reasons: 

It  is  based  upon  a  supposed  necessity  for  creating  and  maintaining  a 
channel  from  Elizabethport  to  Kill  von  KuU,  having  a  depth  at  low- wa- 
ter of  from  14  to  16  feet.  We  do  not  think  this  necessity  now  exists, 
for  far  the  greater  part  of  the  freight  seeking  this  channel  must  be  car- 
ried in  small  vessels  or  barges  that  navigate  the  Delaware  and  Raritan 
Canal.  Of  the  remaining  ]>ortion,  it  is  presumed  that  Elizabethport, 
the  principal  shipping  and  receiving  port  of  the  Central  Eailroad  of 
New  Jersey,  furnishes  the  greater  part.  This  road  has  within  a  few 
years  formed  a  new  coal-depot  at  Johnstonville,  on  the  deep  waters  of 
the  Kill  von  Kull.  Coal-vessels  bound  eastward,  of  too  great  a  draught 
to  pass  Newark  Bay,  can  load  at  this  new  depot,  while  those  bound  to 
southern  ports  may  pass  from  Elizabethport  seaward  through  Arthur 
Kill,  neither  using  this  channel  across  Newark  Bay.  Ordinary  freight 
for  the  short  course  from  New  York,  or  from  points  on  the  Hudson  or 
East  Rivers,  will  not  recpiire,  and  will  not  probably  seek,  a  large  class 
of  vessels  for  its  transportation. 

It  has  been  urged  that  the  projected  route,  by  reason  of  the  abrupt 
transition  of  direction  at  the  eastern  end  of  the  dikes,  will  inconve- 
nience the  towage  companies.  While  the  advantages  of  a  wider,  deeper, 
and  shorter  channel,  only  about  a  mile  long  between  dikes,  more  than 
compensate  for  the  inconveniences  of  this  change  of  direction  to  the 
larger  class  of  vessels,  it  is  quite  probable  that  large  tows  would,  by 
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preference,  take  tbe  present  cbannel  if  snitably  improved.  Any  prop- 
osition to  dike  in  the  present  channel  would  doabtlesa  prove  a  failure, 
as  the  meeting  of  the  Arthar  Eill  and  Kill  von  Kail  carrents  would 
form  a  shoal  iFomewhere  between  the  dikes,  or  at  their  entrance,  and 
thus  defeat  the  purpose  of  their  construction.  This  Board  place  their 
decision  not  to  recommend  the  dike  system  of  improvement  already 
commenced,  solely  on  this  ground :  that  whatever  may  have  beeu  the 
prospective  requirements  of  commerce  on  this  route  three  years  ago,  its 
present  needs  do  not,  in  their  opinion,  call  for  a  14-foot  channel  at  mean 
low- water,  to  be  attained  by  the  construction  of  dikes  at  large  cost.  On 
the  contrary,  they  believe  that  the  existing  channel  can  be  sufficiently 
improved  to  accommodate  present  commercial  interests,  by  dredging  to 
a  depth  of  10  to  11  feet  at  mean  low-water,  by  diminishing  its  curva- 
ture at  the  corner  stake-light,  and  by  giving  it  such  width  as  to  permit 
the  passage  of  large  tows  and  the  largest  class  of  sailing-vessels  in  use 
on  these  waters,  without  risk  of  colliding  or  grounding.  We  therefore 
recommend  that  this  deepening  and  widening  of  the  channel  be  effected 
in  accordance  with  the  plan  which  we  now  submit. 

As  the  channel,  in  its  western  and  difficult  portion,  was  produced  by 
the  transit  of  large  tows  drawn  by  steamers,  and  by  the  larger  class  of 
propellers,  it  is  presumed  that,  when  deepened,  the  same  causes  will 
help  maintain  that  depth  and  diminish  the  expenditures  that  will  be  re- 
quired from  time  to  time  for  dredging. 

Should  the  future  needs  of  commerce  demand  a  deeper  channel  than 
11  feet,  which  we  propose  to  attain  by  dredging,  it  is  our  opinion  that 
recourse  must  be  had  to  the  system  of  dikes  proposed  by  General  New- 
ton. But  in  that  event  it  would  be  necessary  to  make  the  southern 
dike  continuous,  cutting  off  the  passage  by  the  way  of  Shooter  Island, 
so  as  to  retain  the  full  flow  of  water  between  the  dikes  throughout  their 
lengths. 

At  the  extreme  west  end  of  the  southern  dike  a  boat-opening  should 
be  left,  and  a  boat-channel  excavated  along  the  shore  to  Bridge  Greek, 
843  proposed  by  General  Newton,  to  permit  the  oystermen  to  have  free 
access  to  Stateu  Island  and  to  the  creek  for  a  harbor. 

The  drawing  accompanying  this  report  shows  the  southern  waters  of 
Newark  Bay  and  a  portion  of  Arthur  Kill  and  Kill  von  Kull,  with  tbe 
soundings,  bottom  curves,  and  existing  channel-lines. 

The  channel  proposed  by  this  board  is  marked  thereon  in  strong 
black  lines,  about  500  feet  apart.  The  curve  of  this  channel,  while  con- 
forming to  the  line  of  the  deepest  water,  is  less  abrupt  at  the  corner- 
stake  light  than  that  of  the  existing  channel. 

The  estimated  cost  of  excavating  this  channel  to  a  depth  of  11  feet 
and  a  width  of  500  feet  is : 

ESTIMATE. 

Dredging  230,000  cubic  yards,  at  16  cents $36,800 

Contingencies,  10  per  cent 3,6t:0 

Total 40,480 

Eespectfully  submitted. 

Z.  B.  Tower, 
Colonel  of  Engineers  and  Brevet  MajorOeneral. 

H.  G.  Wright, 
Lieutenant-  Colonel  of  Engineers^  Brevet  Major-  General . 

J.  D.  Kurtz, 
Lieutenant' Colonel  of  Engineers. 
Brig.  Gt  n.  A.  A.  Humphreys, 

Chief  of  Engineer Sy  U,  8.  A. 
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In  1874  the  amoant  of  coal  deposited  at  Elizabethport  for  shipment 
by  vessels  was  three-fourths  of  a  million  of  tons,  exclusive  of  other  mer- 
chandise, as  iron -pipe,  &c. 

liecently,  however,  the  Delaware,  Lackawanna  and  Western  Railroad, 
which  had  used  Elizabethport  as  one  of  its  termini,  has  concentrated  its 
deposit  of  coal  at  Hoboken.  This  must  materially  diminish  the  import- 
ance of  Elizabethport  as  a  shippiog-point,  but  whether  the  loss  thus  ex- 
perienced will  be  compensated  from  other  sources  is  not  definitely  known. 
The  position  being  thus  very  different  from  that  of  the  years  1873  and 
1874,  when  the  project  for  a  permaneut  improvement  was  made  and  the 
work  commenced,  it  would  seem  expedient  for  the  Government  to  sus- 
pend further  action  in  the  work  of  permanent  improvement  of  the  chan- 
nel at  Elizabethport  until  its  future  prospects  shall  have  a  better  out- 
look. As  to  the  improvement  of  the  present  channel  by  dredging,  it  is 
evident  that  it  will  be  temporary  only,  and  must  require  renewal. 

The  necessity  for  this  improvement  even  is  not  apparent,  but  8  feet 
of  draught  can  be  passed  through  the  Delaware  and  Baritan  Canal, 
while  the  draught  in  the  present  channel  at  its  shoalest  point  is  9^  feet. 
The  amount  of  freight  through  the  caual  by  official  statement  was  in 
1871  uot  5,000)000  tons,  but  3,053,857  tons,  and  at  the  present  time  prob- 
ably  does  not  much  exceed  that  limit.  If,  as  it  is  stated,  Port  Johnston, 
on  Kill  von  Kull,  and  situated  in  deep  water,  will  suffice  for  the  ship- 
ment of  coal  in  large  vessels,  there  would  appear  to  be  no  necessity  for 
such  vessels  to  pass  through  the  channel  leading  to  Elizabethport  and 
recommended  to  be  improved  by  dredging,  which  channel  does  now  suf- 
fice for  the  canal-barges,  propellers,  and  small  vessels  using  it  to  go  to 
Elizabethport  or  through  the  canal.  If  Elizabethport  does  not  emerge 
from  its  present  state  of  decadence,  additional  reasons  exist  against  un- 
dertaking any  improvement  whatever. 

To  sum  up : 

1st.  In  the  present  condition  and  prospect  of  Elizabethport,  it  would 
not  be  expedient  to  prosecute  the  works  of  permanent  improvement 
designed  in  1873  and  commenced  in  1874. 

2d.  The  depth  in  the  present  channel  being  sufficient  for  the  class  of 
vessels  using  the  canal,  and  for  the  barges  and  small  class  of  vessels 
which,  for  the  future,  and  until  a  change  for  the  better,  will  continue  to 
frequent  Elizabethport,  no  apparent  necessity  exists  for  deepening  or 
widening  the  channel. 

3d.  No  increase  in  depth  or  width  in  the  channel  can  be  maintained, 
except  by  repetitions  of  the  dredging  process. 

In  conclusion,  it  is  necessary  to  add  that  Mr.  Francis  B.  Stevens,  of 
the  company  engaged  in  the  transportation  of  freight  through  the  Dela- 
ware and  Baritan  Canal,  who  wrote  a  communication  to  the  Chief  of  En- 
gineers adverse  to  the  project  approved  by  the  Government  for  the  per- 
manent improvement,  and  who  expressed  a  desire  to  be  heard  before  the 
Board,  although  invited  to  set  forth  his  views  and  offered  every  proper 
facility  to  this  end,  has  failed  to  do  so,  either  personally  or  by  represent- 
ative. Mr.  Stevens,  owing  to  his  connection  with  the  towing  business 
and  to  his  personal  interest  therein,  would  have  obtained  respectful 
attention  for  his  views  as  to  the  character  and  nature  of  the  improve- 
ments suitable  for  convenient  navigation,  as  well  as  to  his  opposition  to 
the  plan  of  improvements  adopted  by  the  Government,  and  it  is  to  be 
regretted  that  such  information  from  a  source  known  to  be  responsible 
has  not  been  furnished. 

John  Newton, 
Lieut  Col.  of  Engineers^  Brevet  Major-Oeneral. 
17  B 
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D  10. 

DIPROVING  HARBOR  AT  BURLINGTON,  VERMONT. 

The  superstructure  of  the  extension  of  145  feet,  under  contract  with 
Luther  Whitney,  extending  iu  a  northerly  direction,  has  beeu  com- 
pleted. 

Under  appropriation  of  March  3,  1875,  under  contract  with  James  D. 
Hancock,  the  crib- work  of  an  extension  of  160  feet,  in  a  northerly  direc- 
tion, has  been  sunk  in  position  and  filled  with  stone,  the  superstructure 
of  which  has  been  commenced  and  will  be  completed  between  July  1 
and  December  31, 1876. 

During  the  month  of  February,  1876,  220  feet  of  the  southern  end  of 
the  breakwater  was  materially  injured  by  a  succession  of  ice-floes  com- 
ing in  contact  with  it  during  the  prevalence  of  a  terrific  northwesterly 
storm. 

This  section,  consisting  of  two  cribs,  each  110  feet  in  length,  was  sun- 
dered from  the  main  body  of  the  work,  in  a  southerly  direction,  leaving 
a  clean  gap  between  the  two  of  26  feet  \  its  northern  end  is  about  7  feet 
out  of  line  and  its  southern  some  25  feet;  the  structure  is  somewhat 
distorted,  stands  about  15  inches  out  of  vertical,  with  its  top  or  surface 
about  4  feet  below  its  original  level. 

Barlington  Harbor  is  in  the  collection-district  of  VermoDt ;  nearest  port  of  entry, 
Windmill  Point ;  the  nearest  fort.  Fort  Montgomery,  New  York. 
An  appropriation  of  $50,000  is  asked. 

ESTIMATE. 

For  2,000  feet  of  breakwater-extension  in  a  northwest  direction,  as  recom- 
mended in  my  report  for  the  year  ending  June  30, 1874 $340, 000  00 

Amount  appropriated 25,000  00 

Money  statement 

Amount  available  Jaly  1, 1875 §33,038  33 

Amount  expended  dnring  fiscal  year  ending  June  30, 1876 25, 447  62 

Amonnt  available  July  1, 1876,  including  $b,480  due  on  contracts 7,590  71 

Amount  appropriated  by  act  approved  August  14,  1876 20, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 295, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  eudiug  June  30, 1878 .  50, 000  00 


D  II. 

IMPROVING  HARBOR  AT  SWANTON,  VERMONT. 

The  broken  section  of  the  70-foot  crib  constructed  by  Lutl^er  Whitney, 
under  the  appropriation  of  June  23,  1874,  has  been  repaired  and  the 
superstructure  of  this  extension  completed. 

Under  the  appropriation  of  March  3, 1875,  the  crib- work  of  an  exten- 
sion of  69  f^et,  by  contract  with  James  D.  Hancock,  has  been  sunk  in 
the  line  already  adopted  and  filled  with  stone ;  the  superstructure  will 
be  completed  between  July  1  and  December  31, 1876. 

Swanton  Harbor  is  in  the  collection-district  of  Vermont ;  the  nearest  port  of  entry. 
Windmill  Point ;  nearest  fort.  Fort  Montgomery,  New  York. 

ORIGINAI.  ESTIMATE. 

1,900  linear  feet  of  breakwater $272,160  00 

Amonnt  appropriated 33,000  00 

Amonnt  expended '    29,568  15 
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Money  statement. 

Amonnt  available  July  1, 1875 $12,843  91 

Amount  expended  during  fiscal  year  ending  June  30, 18761 9, 432  06 

Amonnt  available  July  1, 1876,  including  |;2,470.20  due  on  contracts 3, 411  85 

Amount  appropriated  by  act  approved  August  14,  1876 2, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 237, 160  00 


Abstract  of  lids  for  extension  of  hreakwater  at  SwantoHj  Vt,,  opened  June  10, 1875. 


Bidders. 


James  D.  Hancock* 

f  James  D.  Leary  ... 

Lather  Wliitney . . 


Crib  complete  and  sank 
in  position. 


^8  per  linear  foot  . . 
65.95  per  linear  foot 
90  per  linear  foot  .. 


Snperstrnotare    com- 
plete. 


(88  per  linear  foot 

28.48  per  linear  foot. 
29  per  linear  foot. . . . 


Total. 


1106  00 
114  43 
119  00 


Ahsiract  of  contract  for  constructing  hreakwater  at  Swanton  Harlor,  Vermont, 


Contractor. 

Kesidence. 

Date  of  con- 
tract. 

Sal^eot  of  contract. 

Bemarka. 

James  D.  Hanoock . . . 

Schenectady, 
N.  Y. 

Jane  26, 1875 

69  linear  feet  of  break- 
water extension 

Crib- work  to  be  completed 
by   December  31,  1875; 
the  superstractare    be- 
tween July  1,  1876,  and 
December  31, 1676. 

D    12. 


IMPROVING  OTTER  CREEK,  VERMONT. 

Under  the  appropriation  of  March  3, 1875,  under  contract  with  James 
D.  Hancock,  dredging  oi)erations  were  commenced  on  July  1,  and  con- 
tinued to  ^ugust  31,  1875;  during  this  period  the  work  being  limited 
to  the  improvement  of  those  points  of  the  creek  which  were  found  most 
embarrassing  to  its  navigation,  viz: 

Along  the  west  shore  of  the  basin  a  cut  50  feet  wide,  and  of  the  re- 
quired depth,  has  been  extended  from  a  point  opposite  the  upper  "  coal- 
wharf  to  within  about  150  feet  of  the  "  Horse-nail  Factory  wharf"  at 
the  foot  of  the  falls ;  the  channel  opposite  the  coal-wharf  made  30  feet 
wide ;  stone  and  other  obstructions  cleared  away  from  the  face  and 
approaches  to  the  '^  steamboat- wharf,''  and  the  channel  at  the  brick- 
yard, Sherman's,  Gage's,  and  Crittenden's  Bends,  Dead  Creek,  and  Fort 
Cassin  Point  materially  improved'. 

The  amount  of  materials  removed  from  the  various  points  dredged  is 
13,000  cubic  yards,  consisting  of  silt,  stone,  clay,  gravel,  and  sunken 

logs. 

Tho  improvements  thus  far  made  enable  vessels  to  ascend  with  their 
cargoes  to  within  150  feet  of  the  ^^  Horse-nail  Factory  wharf«" 

For  completing  the  improvement  of  the  channel  and  west  side  of  the 
basin  the  amount  required  will  be  $43,146. 

Vergennefl  is  in  the  coUeotion-district  of  Vermont ;  nearest  port  of  entry,  Windmill 
Point ;  nearest  fort,  Fort  Montgomery,  New  York. 
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ORIGINAL  ESTIMATE. 

Dredging,  diking,  and  fascine  work $57,646  00 

Removing  trees .' 500  00 

58, 146  00 
Amoant  appropriated 15,000  00 

Money  statement 

Amount  available  July  1, 1875 $5,086  47 

Amount  expended  during  fiscal  year  ending  June  30, 1876 5, 022  78 

Amount  available  July  1,  1876 63  69 

Amount  ^estimated )  required  for  completion  of  existing  project 43, 146  00 


D  13. 

examination  at  rouse's  point,  lake  champlain,  new  york. 

United  States  Engineer  Office, 

New  Tark^  March  8, 1876. 

General  :  In  obedience  to  tbe  act  approved  March  3, 1875, 1  have 
respectfally  to  report  apon  the  examination  of  Eonse's  Point,  New  York. 
This  locality  was  surveyed  and  examined  in  the  fiscal  year  1872-73, 
and  a  report  for  improvement  based  thereon  was  submitted  January  20, 
1873.    This  report  has  been  printed,  and  may  be  found  in  the  report  of 
the  Chief  of  Engineers  for  1873. 
No  new  suggestions  for  the  improvement  have  suggested  themselves. 
I  transmit  herewith  copy  of  the  report  of  Mr.  David  White,  assist- 
ant engineer,  containing  statistics  of  commerce  and  navigation  of  the 
locality,  and  a  tracing  showing  results  of  a  partial  survey  made  during 
the  past  season. 

Very  respectfully,  your  obedient  servant, 

John  Newton, 
Lieutenant- Colonel  of  Engineers, 
Gen.  A.  A.  Humphreys, 

Chief  of  Engineers, 


report  of  mr.  david  whit£,  assistant  engineer. 

Fort  Montgomery, 
Bom^B  Point,  N.  F.,  January  26, 1876. 

General  :  I  have  tbe  honor  to  report  that,  in  oomplianoe  with  yonr  commanication 
of  September  3, 1875, 1  have  made  an  examination  of  Rouse's  Point  Harbor,  New 
York. 

A  series  of  soundings  in  parallel  lines  aoross  the  "  outlet,"  and  extending  from  near 
Stony  Point,  northward,  to  the  vicinity  of  the  United  States  boundary-line,  have  been 
taken,  and  tbe  coast-lines  at  either  side  of  the  lake,  together  with  the  wharves  and 
other  improvements  at  Rouse's  Point,  carefully  observed ;  and  as  a  supplement  to  my 
report  on  this  harbor  made  to  you  January  6, 1873, 1  would  respectfully  state,  as  will 
be  seen  by  comparing  the  map  of  this  harbor,  herewith  sent,  with  the  former,  that 
no  material  changes  have  since  taken  place,  save  the  construction  of  a  small  wharf  a 
few  rods  north  of  the  railroad -bridge,  for  the  accommodatiou  of  a  large  printing  and 
publi^ing  house  which  has  recently  been  established  there. 
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The  need  of  a  breakwater  at  this  point,  and  the  improvement  of  the  harbor  in  the 
interest  of  local,  nationaJ,  and  international  oommerce,  as  fully  embodied  in  my  former 
report,  remain  the  same.  ^ 

It  will  be  remembered  this  "  outlet ''  lies  within  the  limit  of  the  collection-district  of 
two  States,  with  their  respective  ports  of  entry  for  foreign  trade,  Rouse's  Point  and 
Windmill  Point,  at  either  side. 

The  following  summary  statements  of  the  foreign  trade  at  this  outlet  were  kindly 
furnished  me  by  the  deputy  collectors  of  customs  of  the  respective  ports  of  entry  : 

Tonnage. 

Nnmber  of  vessels  entered  from  Canada  in  the  collection-district  of 
Champlain,  New  York,  Rouse's  Point  port  of  entry,  during  the  yeau: 

ending  December  31,  1875 1,311        106,636 

Vessels  cleared  to  Canada 1,438        118,376 

Vessels  cleared  coastwise 809         75,684 

Total 3,558        300,698 

IMPORTS. 

Entered  for  transportation  in  bond $745,099  00 

Entered  for  consumption 559,782  33 

1,304,881  33 

EXPORTS. 

Domestic $1,151,199  00 

Nnmber  of  vessels  enrolled  in  this  district 882 

Tonnage 62,047.85 

Number  of  vessels  entered  and  cleared  in  the  district  of  Vermont,  Wind- 
mill Point  port  of  entry,  from  June  30, 1874,  to  June  30, 1875 1, 117 

Tonnage 207,119 

Cargoes  per  said  vessels  was,  of  lumber,  feet 59,743,767 

Value  of  lumber $832,279  00 

Steamers  and  sail-craft  arriving  at  and  departing  from  Rouse's  Point 

Harbor  to  home  ports  from  May  1  to  November  30,  1875 921 

Tonnage 619,181 

Freight  transshipped  at  this  harbor,  as  far  as  rendered,  during  the  above 

period,  tons 35,845 


Very  respectfully,  your  obedient  servant, 


Gen.  John  Newton, 

Lieutenant-Colonel  Engineers. 


D.  White, 

Aaaistant  Engineir. 


D  24. 

survey  at  port  henry,  lake  champlain,  new  york. 

United  States  Engineer  Office, 

New  YorJcy  N.  Y.,  March  29, 1876. 

General  :  In  obedience  to  the  requirements  of  section  2  of  the  act 
approved  March  3, 1875,  ordering  examinations  or  surveys  at  **Port 
Henry,  Lake  Champlain,  for  a  breakwater,"  I  have  to  submit  the  follow- 
ing report.  The  survey  was  assigned  to  Mr  David  White,  assistant  en- 
gineer, who  has  submitted,  as  the  results,  a  chart  and  report,  which  are 
herewith  transmitted. 

The  position  and  length  of  the  breakwater  designed  seem  to'  be 
suitable  to  afford  the  protection  asked  for,  the  estimated  cost  being 
$559,030. 
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Port  Henry  is  in  the  collection-district  of  Cliamplain,  N.  Y. ;  Rouse's  Point  the  near- 
est port  of  entry. 

Fort  Montgomery,  at  the  outlet  of  Lake  Champlain,  is  the  nearest  fort,  and  the  nearest 
light-hoQse,  that  on  Crown  Point. 

Eespectfally  submitted. 

John  Newton, 
Lieut.  Col.  of  Engineers^  Brevet  Major-OeneraL 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  TJ.  S,  A. 


berort  of  mr.  david  white,  as9istakt  engineer. 

Fort  Montgomery, 
Rou8(^8  Pointf  A'.  F.,  January  26,  1876. 

General:  I  have  the  honor  to  submit  herewith  the  accompanying  map  and  report 
of  a  survey  of  Port  Henry,  New  York,  made  in  accordance  with  your  directions  dated 
September  2,  1875. 

Lake  Champlain  extends  from  about  43"  34'  to  45°  north  latitude,  and  lies  between 
Vermont  and  New  York,  the  boundary -line  between  those  States  running  through  its 
axis ;  the  lake  in  a  right  line  from  north  to  south  is  consequently  about  100  miles  in 
length,  and  varies  from  Jr  to  11^  miles  in  width  ;  the  "Narrow  Lake,^'  as  it  is  termed, 
extending  from  its  southern  extremity  at  Whitehall,  northward  to  "  Crown  Point,"  a 
distance  of  about  36  miles,  and  its  broader  part  from  this  point  to  its  confluence  with 
the  Richelieu  River,  at  Rouse's  Point. 

At  Crown  Point,  by  an  abrupt  receding  of  the  west,  or  left,  shore  from  the  right,  the 
lake  increases  from  1,400  feet  to  about  2  miles  in  width,  and  thus,  by  a  circuitous 
sweep  of  the  shore  from  Crown  Point  westwardly,  together  with  the  railroad  embank- 
ments and  bridge,  is  formed  the  bay  embracing  Port  Henry  Harbor. 

At  the  foot  otthis  bay,  and  extending  in  a  northerly  direction  along  the  west  bank 
of  the  lake,  lies  the  harbor-front  or  series  of  docks,  embracing  a  low  ooast-line  of  about 
If  miles  in  length,  the  shore  above  and  below  this  rising  in  high  and  abrupt  bluffs,  in 
many  places  the  rocks  rising  vertically  from  the  water  at  the  foot  of  tho  bluffs  and 
flanking  the  harbor.  On  the  sonth  lies  "  Bulwagga  Bay,''  a  marsh  of  about  2  miles  in 
length  and  of  varying  width.  Bounded  by  the  low  coast-line  and  adjoining  the  docks 
is  a  narrow  strip  of  level  land,  comprising  the  piling-grounds,  yards,  and  iron- works  of 
the  various  mining  and  manufacturing  companies. 

From  this  the  surface  gradually  rises  to  the  west  from  450  to  500  feet  in  height,  when 
it  expands  into  a  hilly  plateau  region,  rising  into  mountains  of  various  heights,  distrib- 
uted over  the  township  of  Moriah,  of  which  Port  Henry  is  a  part,  which  mountains  are 
exceedingly  rich  in  minerals.  A  large  number  of  veins  have  been  opened,  containing 
iron  ore  m  apparently  inexhaustible  quantities  and  producing  iron  of  a  most  excellent 
qualitv,  all  of  which  is  transported  by  railroad  to  Port  Henry,  for  both  shipment  and 
mannfacture,  formerly  the  chief  business  of  the  town. 

As  will  be  seen  by  a  glance  at  the  map  herewith  sent,  the  harbor  is  naturally  well 
protected  on  the  east  and  south,  but  open  to  north  and  westerly  storms,  and  it  is  here, 
at  its  lower  end,  that  a  breakwater  is  needed  to  give  to  the  harbor  the  additional  se- 
curity it  requires. 

The  harbor  has  a  good  anchorage  bottom  and  an  ample  depth  of  water,  except  in  the 
vicinity  of  that  part  of  it  known  as  "  Reynold  &  Co.'s  lumber-yard,"  where,  by  the  ac- 
cumulation of  silt  brought  down  by  Mill  Brook,  a  mere  mountain-torrent  debouching 
in  at  the  north  side  of  the  basin,  the  water  is  too  shoal  for  vessels  of  the  larger  class 
during  the  lower  stages  of  the  lake. 

In  view  of  the  magnitude  of  the  commerce  centering  here,  as  will  be  seen  by  the 
statistics  given  below,  I  would  respectfully  propose  that  the  harbor  be  given  the  addi- 
tional protection  it  requires  by  the  interposition  of  a  breakwater. 

It  is  proposed  to  place  this  breakwater  in  the  position  as  indicated  upon  the  map, 
the  same  to  be  composed  of  crib-work  3,500  in  length  and  30  feet  wide,  and  similar  in 
construction  to  that  at  Burlington,  Yt.,  the  water  along  the  proposed  line  having  an. 
average  depth  of  32  feet ;  the  estimated  cost  of  which,  including  labor,  is  as  follows: 

1,066,800  cubic  feet  of  pine  timber,  at  30  cents $320,040  00 

105,000  feet,  (board  measure,)  pine  plank,  ^'2o 2,625  00 

965,019  pounds  drift-bolts,  at  4  cents 38,600  76 

11,760  pounds  of  8-inch  spikes,  at  5  cents 5^8  00 

124,263  cubic  yards  of  rubble,  at  §1 124,263  00 

Contingencies  15  percent 72,913  24 

Total $559,030  00 
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The  following  is  a  sammary  of  the  statistics,  so  far  as  rendered,  of  the  business  of 
Port  Heni-y,  N.  Y.,  for  tlie  years  1873, 1874,  and  1875,  respectively  : 


1873. 


Tons  of 
freight. 


18,816 

328.  913 

36.579 


3e4,  308 


Nature  of  freight. 


Iron  shipped , 

Iron-ore  shipped 

Coal  received 

Cargoes  of  morchaudisc  and  building  material  received 


H 

>  w 

>» 

«M  o^ 

C^* 

r  &• 

i§ 

BS 

|S 

198 

2,670 

399 

135 

3,402 

Value. 


9714, 003  00 

2,654.928  13 

230, 335  68 


3,589,271  81 


1874. 


12,  544 

181,708 

3,450 

35,645 


233,347 


Iron  shipped 

Iron-ore  shipped 

Iron-ore  received 

Coal  received 

Cargoes  of  merchandise  and  building  material  received 


$385,  320  DO 

1, 081. 660  64 

27,600  00 

230, 143  74 


1,  724, 723  38 


1875. 


13,853 

234,582 

13,486 

37,576 

2,756 


302,853 


Iron  shipped ^ 

Iron-ore  snipped 

Iron-ore  received 

Coal  received 

Li  meat-one  received 

Cargoes  of  merchandise  and  building  materials  received 


$357, 797  00 

1, 020, 012  34 

62, 957  00 

252,  415  48 

3, 445  00 


1, 696, 626  82 


In  addition  to  the  foregoing  may  be  mentioned  the  regular  daily  calls  made  by  the 
passenger-steamers  in  making  their  trips  between  Rouse's  Point  and  Tioonderoga  dur- 
ing the  season  of  navigation,  for  the  conveyance  of  both  freight  and  passengers  j  like- 
-wise  those  of  the  tow-boats  of  the  four  transportation  lines  plying  between  Whitehall 
and  Canada,  for  the  towage  of  vessels  to  and  from  the  port. 
Very  respectfully,  your  most  obedient  servant, 

D.  White, 
Assistant  Engineer, 
Gen.  John  Newton, 

Lieut.  Col.  Corps  of  Engineers, 


D  15. 

survey  of  echo  harbor,  new  rochelle,  new  york. 

United  States  Engineer  Office, 

New  YorlCj  December  20,  1875. 

General  :  I  have  respectfully  to  forward  a  report  upon  Echo  Harbor, 
New  Eochelle,  N.  Y.,  and  a  chart  thereof,  in  compliance  with  the  pro- 
visions of  the  act  of  Congress  approved  March  3, 1875, 

Echo  Harbor  is  a  well-sheltered  expanse  of  water,  being  land-locked 
on  all  sides  except  the  southeast,  where  it  opens  into  the  Long  Island 
Sound. 
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It  has  a  good  anchorage-ground,  and  offers  a  harbor  of  refuge  for 
smaller  crafts  at  present. 

The  bay  is  easy  of  approach  at  all  stages  of  tide,  the  18-foot  curve  of 
the  sound  extending  into  the  bay,  the  depth  of  water  gradually  increas- 
ing as  we  advance  toward  the  fair  water  of  the  sound. 

Echo  Bay  is  2  nautical  miles  to  the  northwest  of  Execution  light,  and 
2^  miles  distant  from  Sand's  light,  Oow's  Neck. 

By  water  the  distance  from  Echo  Bay  to  Fort  Schuyler  and  fort  at 
Willet's  Point  is  7  nautical  miles,  and  to  the  Battery,  New  York  City, 
21  miles. 

New  Eochelle,  a  thriving  city,  through  which  the  New  York,  New 
Haven  and  Hartford  Eailroad  passes,  lies  adjacent  to  this  harbor. 

Echo  Harbor  belongs  to  the  collection-district  of  New  York  City,  which  is  also  the 
nearest  port  of  entry. 

Mr.  A.  Doerflinger,  assistant  engineer,  has  satisfactorily  executed 
the  survey,  plotted  the  greatest  part  of  the  field-notes,  and  gathered 
valuable  information  bearing  upon  the  purposes  for  which  the  survey 
was  made. 

The  field-work  of  the  survey  was  done  during  the  month  of  July,  1875. 
Two  base-lines  were  measured,  the  first  along  the  beach  on  the  southerly 
shore  of  the  bay,  1,020.10  feet  long ;  the  second  as  a  base  of  verification, 
along  the  road  running  to  Beaufort  Point,  578.67  feet  long.  The 
azimuth  of  the  first  base-line  was  astronomically  determined,  and  its 
true  bearing  from  station  No.  2,  from  which  the  observations  were  made, 
found  to  be  south  00^  47'  54/*  east  ^  variation  of  the  magnetic  needle, 
8o  2'  west. 

From  this  base-line  a  triangulation  was  extended  over  the  area  to  be 
embraced  in  the  survey,  and  from  the  trigonometrical  points  thus  de- 
termined such  other  stations  as  became  necessary  for  the  development 
of  the  hydrography  and  topography  were  located.  A  tide-gauge  was 
set  up  at  Hudson's  dock,  Beaufort  Point,  and  carefully  leveled  into  two 
permanent  bench-marks. 

In  consequence  of  the  small  appropriation  available  for  the  survey, 
regular  day-observations  only  were  made  at  this  gauge  during  one 
lunation ;  from  these  observations  the  following  data  were  deduced : 
Corrected  establishment,  11^  23°*;  mean  rise  and  fall  of  tides,  7.27  feet : 
rise  of  highest  tide  observed  above  mean  low-water,  8.51  feet;  fall  oi 
lowest  tide  below  mean  low- water,  1.11  feet ;  meanduration  of  rise,  6^14" ; 
mean  duration  of  fall,  6^  12°^;  duration  of  high- water  stand,  0^  46*^; 
duration  of  low- water  stand,  0^  32™. 

There  is  scarcely  any  current  perceptible  in  the  bay,  with  the  excep- 
tion of  that  along  the  westerly  shore  of  Premium  Point  and  Gut  Island, 
during  the  Jast  quarter  of  the  ebb,  due  to  the  tidal  discharge  of  the 
mill-pond  above  Premium  Point. 

The  old  milldam  at  this  point  has  so  contracted  the  water-way  as  to 
prevent  a  full  exchange  of  tides,  thus  producing  a  strong  local  current. 

All  the  soundings  were  located  by  instrumental  observations  on  shore ; 
those  to  a  depth  of  18  feet  were  taken  by  means  of  a  pole  divided  into 
feet  and  tenths,  and  those  of  a  greater  depth  with  a  line  divided  into 
fathoms  and  feet. 

The  survey  was  plotted  on  a  scale  of  ^Vo>  *^®  detail  maps  of  the 
obstructions  on  a  scale  of  ^5. 

The  tidal  reductions  were  carefully  made,  and  the  soundings  reduced 
to  mean  low-water,  an4  introduced  on  the  plot. 

The  improvement  for  the  benefit  of  navigation  would  consist  in  the 
removal  and  marking  of  certain  dangerous  rocky  obstructions. 
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Sheep's-bead  reef,  lying  aboat  midway  between  Echo  Island  and 
Dack  Point,  is  a  dangeroas  obstraction,  having  1.6  feet  of  water  over 
its  highest  point  at  mean  low-water.  It  lies  directly  in  the  path  of 
vessels  passing  in  and  oat  of  the  bay. 

Owing  to  its  distance  off  shore,  and  the  different  aspect  of  the  bay  at 
different  stages  of  the  tide,  its  position  is  very  deceptive,  and  vessels 
are  very  apt  to  strike  it,  especially  when  beating  in  against  a  northwest 
wind. 

Start  Eock  is  located  about  120  feet  off  Beaafort  Point,  directly  in  the 
channel. 

In  consequence  of  the  narrowness  of  the  water-way,  this  is  also  a  very 
dangerous  obstraction  to  vessels  passing  Beaafort  Point;  its  highest 
point  projects  2.2  feet  above  the  plane  of  mean  low- water. 

This  and  Sheep's-head  are  the  two  most  dangeroas  obstructions. 

Though  not  relatively  so  important  to  navigation,  the  removal  of  Long 
Eock,  an  obstruction  already  marked  by  two  iron  spindles,  would  nearly 
double  the  width  of  the  channel  in  front  of  Beaufort  Point.  The  re- 
moval of  the  3  rocks  above  specified  would  principally  benefit  the 
local  trade.  There  being  sufficient  water-way  to  the  northward  of  Bailey's 
Eock,  all  that  would  be  needed  at  this  point  would  be  the  erection  of  a 
beacon  or  spindle  on  the  rock,  to  indicate  its  position. 

This  rock  is  particularly  dangerous  to  vessels  entering  the  harbor  at 
liigh- water,  as  it  is  then  entirely  submerged ;  it  projects  3.5  feet  above 
the  surface  at  mean  low- water. 

All  these  rocks  consist  of  gneiss,  nearly  vertically  stratified,  and  run- 
ning in  a  northeasterly  direction. 

After  passing  Beaufort  Point  the  water  shoals  up  very  rapidly,  the 
inner  harbor  running  almost  entirely  dry  at  low-water ;  if  this  basin 
Deas  dredged  to  a  depth  of  about  6  feet  at  mean  low- water,  it  would 
afford  a  very  safe  anchorage  to  vessels,  and  also  much  facilitate  their 
unloading,  although  this  improvement  might  properly  be  left  to  private 
enterprise. 

ESTIMATE  OF  COST  OP  IMPROVING  ECHO  HARBOR,  NEW  ROCHELLB,  NEW  YORK,  BY 
TUB  REMOVAL  OF  8HEBPSHRAD  ROCK  TO  A  DEPTH  OF  9  FEET  BELOW  MEAN  LOW- 
WATER,  AND  OF  START  ROCK  TO  A  DEFIH  OF  7  FEET  BELOW  MEAN  LOW- WATER. 

Skeepshead  E^nikt  872.5  cnbio  yards  above  the  9-foot  carre  of  905  square  feet 

area,  at  $24.30  per  cabic  yard $21,201  75 

Start  Bock,  370  cabio  yards,  spread  over  an  area  of  264  squsure  yards  within 

the  6-foot  curve,  at  $34.25  per  cubic  yard 12,672  50 

Contingencies  and  engineering,  15  per  cent,  of  the  above 5, 081  13 

Total 38,955  38 

The  cost  for  the  additional  removal  of  Long  Bock  to  a  depth  of  6  feet 
at  mean  low- water  would  increase  the  above  sum  by  $37,696. 

The  survey  and  plotting  was  nnder  the  general  charge  of  Mr.  Julius 
H.  Striedinger,  assistant  engineer. 

Before  closing  this  report  I  wish  to  acknowledge  from  Capt.  A.  B. 
Hudson,  of  New  Bochelle,  the  receipt  of  information  upon  the  trade- 
statistics  of  the  place.    (Copy  of  letter  appended.) 
Eespectfully  submitted, 

John  Newton, 
Lieut  Col.  of  Engineers^  Bvt  Maj.  Gen. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 
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COaniERCIAL  STATISTICS. 

New  Rochelle,  Westchester  County,  New  York, 

December  10, 1875. 

Dear  Sir  :  Yoar  esteemed  favor  of  the  6t1i  instant,  asking  me  for  information  on  cer- 
tain points  bearing  upon  the  contemplated  iinpruvement  to  Echo  Bay  Harbor  in  this 
town,  was  duly  received. 

It  affords  me  pleasure  to  reply  thereto,  and  to  give  yon,  so  far  as  I  can,  the  informa- 
tion you  desire. 

Echo  Bay  is  in  the  collection-district  of  New  York  City.  The  amount  of  revenue 
collected  I  cannot  give,  as  no  record  is  kept,  that  I  am  aware  of,  which  separates  the 
business  of  this  port  from  that  of  many  other  inland  ports  under  the  jurisdiction  of  the 
customs  authorities  of  New  York.    New  York  is  also  the  nearest  port  of  entry. 

As  to  the  amount  of  commerce  and  navigation  to  be  benefited  by  the  contemplated 
improvement  and  the  extent  to  which  the  general  commerce  of  the  country  is  to  be 
promoted,  I  can  only  reply  in  general  terms. 

The  tonnage  of  this  port  for  the  last  three  years  will  amount  to  upward  of  50,000 
tons  per  annum,  and  the  value  of  the  commerce  will  equal  $1,500,000  per  annum  for  the 
same  period. 

Fifteen  years  ago  one  market-sloop,  of  about  40  tons  burden,  making  a  weekly  trip 
to  and  from  New  York,  was  all  the  tonnage  the  port  then  had.  Now  as  many  as  13 
vessels  have  been  in  the  port  at  one  time.  Then  there  was  only  69  feet  of  wharf -£ront- 
age,  now  the  harbor  has  over  1,500  feet  of  wharf-frontage,  well  built  of  stone.  The 
upland  comprises  one  of  the  finest  sections  of  country  to  be  found  around  the  suburbs 
of  New  York  City,  and  this  harbor  is  every  year  becoming  of  greater  importance  as 
a  business  section  to  which  the  trade  of  this  thickly-settled,  large,  prosperous,  and 
growing  section  centers,  and  it  will  be  apparent  to  all  that  the  general  benefit  to  be 
derived  from  the  improvement  will  be  of  large  and  increasing  extent. 

Echo  Bay  Harbor  has,  without  exception,  the  best  natural  advantages  of  any  harbor 
on  Long  mand  Sound,  and  may  perhaps  compete  in  these  respects  with  any  harbor  in 
the  country.  With  bold  water  and  well  landlocked,  it  offers  complete  protection  in 
storms  to  the  commerce  of  Long  Island  Sound,  and  were  the  work  completed,  it  would 
become  a  prominent  mooring-ground  for  storm-stayed  vessels. 

Already  the  loss  of  vessels  and  cargoes  on  the  aangerons  reefs  which  obstruct  the 
entrance  to  this  harbor  has  exceeded  in  amount  the  probable  cost  of  the  contemplated  im- 
provement. 

Believing  I  have  answered  your  several  interrogations,  and  holding  myself  in  will- 
ingness to  give  yon  any  other  information  which  i  may  possess, 
I  am,  very  respectfully, 

A.  B.  Hudson. 

A.  Doerflinger,  Esq., 

Assistant  Engineer, 


APPENDIX  E. 


ANNUAL  EEPORT  OP  LIEUTENANTCOLONEL  J.  D.  KURTZ, 
CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING 
J  ONE  30,  1876. 

United  States  Engineee  Office, 

Philadelphia^  Pa.y  July  13, 1876. 

General  :  I  have  the  honor  to  transmit  herewith  my  annual  reports 
of  river  and  harbor  works  in  my  charge  for  the  fiscal  year  ending  Jane 
30, 1870. 

Very  respectfully,  your  obedient  servant, 

J.  D.  Kurtz, 
Lieutenant-  Colonel  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  S»  A, 
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E   I. 
CONSTRUCTION  OF  PIER  NEAR  LEWES,  DELAWARE. 

Daring  the  fiscal  year  closed  June  30, 1876,  the  pier  has  been  length- 
ened 126  feet,  the  substructure  now  reaching  1,533  feet  from  the  abut- 
ment zero,  and  the  superstructure  1,428  from  the  same  point.  This 
difference  of  length  is  constant  during  construction,  owing  to  the  lap- 
ping of  the  main  girders  and  the  space  occupied  by  the  derrick-platform. 

Sufiicient  iron  material  is  now  on  hand  to  construct  42  feet  more  of 
the  substructure. 

The  inclosed  report  of  Capt.  Si.  R.  Brown,  Corps  of  Engineers,  gives 
in  detail  the  operations  on  this  work  up  to  the  date  of  his  detachment, 
October  31, 1875.  Since  that  time  only  such  work  as  has  been  necessary 
for  the  preservation  of  the  material  stored  on  the  grounds  has  been  done. 

Should  an  appropriation  be  made  for  the  present  fiscal  year,  it  is  pro- 
posed to  recommence  the  work  of  construction  by  putting  in  place  the 
material  on  hand  this  season ;  to  advertise  for  proposals  and  enter  into 
contracts  for  20  piles,  with  their  adjuncts,  and  to  put  in  place  this  new 
material  during  the  present  and  next  season. 

The  original  estimated  cost  of  the  pier  was $387,419  67 

Which  was  increased  on  acconut  of  the  advance  in  prices  of  iron  and  labor^ 

and  the  operations  of  the  eight-hour  law,  by 24,000  00 

411, 419  67 

Total  amount  appropriated  to  Jane  30,  1876 275,000  00 

Total  amount  expended  to  June  30, 1876 275,000  00 

Amount  required  to  complete  the  work 136,419  67 

On  account  of  decreased  price  of  iron  this  sum  may  be  decreased  by 36, 419  67 

And  the  pier  can  be  completed  for 100,000  00 

Money  statement. 

Amount  ayailable  July  1,1875 $39,293  90 

Amount  expended  during  fiscal  year  ending  June  30, 1876 39,218  47 

Amount  available  July  1, 1876 i 75  43 

Amount  appropriated  by  act  approved  August  14, 1876 30, 000  00 

Amount  (estimated)  required  tor  completion  of  existing  project 70, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .  70, 000  00 


REPORT  OF  CAPTAIN  M.   R.   BROWN.   CORPS  OF  ENGINEERS. 

New  Orleans,  La.,  Marchy  1876. 

8iR  :  I  forward  herein  a  report  of  operations  in  constructing  the  United  States  pier 
near  Lewes,  Del.,  for  that  portion  of  the  year  ending  June  30, 1870,  during  which  I 
-was  charged  with  the  duty  of  superintending  its  construction.  On  the  30th  of  June, 
1875,  the  condition  of  the  pier  was  as  follows:  Substructure  complete  to  1,407  feet 
from  the  abutment.  One-half  of  the  longitudinal  stringers  extended  to  1,365  feet,  and 
ODe>half  to  1,344  ieet. 

The  cross-girders  were  on  and  bolted  for  1,344  feet,  and  the  scantling  was  complete 
to  the  same  line.    The  decking  extended  1,302  feet. 

The  first  pile  inserted  during  the  working  season  of  1875  was  placed  in  position 
July  10.  During  July,  5  piles  were  inserted ;  during  August,  10  piles ;  in  September, 
15  piles. 

On  the  9th  of  October,  1875,  the  substructure  was  complete  1,533  feet,  an  advance 
of  126  feet,  or  6  hays,  made  by  the  insertion  of  30  piles  and  the  a(y ustment  of  a  corre- 
sponding numher  of  braces,  caps,  <&c. 

One-half  the  longitudinal  stringers  extended  to  1,470  feet  and  one-half  to  1,449^  feet. 
The  framing  was  complete  to  1,428  feet  and  the  decking  to  1,407  feet. 

A  new  scow,  35  by  17^  feet,  was  completed  in  July,  and  a  new  light-raft  was  built  the 
first  week  in  August. 
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Ten  piles  and  other  iron  material  for  two  bays  of  the  pier  arrived  on  the  8th  of 
August,  and  it  is  all  now  stored  on  the  grounds. 

An  accurate  measurement  of  the  pier  on  September  28  showed  that  in  a  length  of 
1,512  feet  an  excess  of  3  inches  only  exists.  It  is  hoped  that  this  small  error  may  be 
lessened  in  the  future. 

A  close  examination  of  the  expense  account  on  the  9th  of  October,  when  I  was  in 
Philadelphia  on  dnty^  showed  that  an  amount  of  money  remained  after  all  bills  should 
be  paid  barely  sufficient  to  defray  the  pay  of  a  watchman  and  the  cost  of  subsisting 
the  mules  for  the  remainder  of  the  fiscal  year.  I  therefore  suspended  all  labor  except 
that  of  storing  material,  by  telegraph,  and  arriving  in  Lewes  again  on  the  12th  of  Oc- 
tober, I  proce^ed  to  place  the  unfinished  end  of  the  pier,  the  derrick,  <&c.,  in  a  proper 
condition  to  secure  them  gainst  accidents,  to  be  anticipated  from  the  pressure  of  ice 
and  the  winter  storms.  The  labor  of  3  or  4  men  in  2  weeks  was  sufficient  to  accom- 
plish this  result,  and  on  the  Ist  of  November  the  overseer,  who  had  been  engaged 
at  a  reduced  rate  as  "  property-keeper,"  was  the  only  employ^  under  pay. 

The  building  of  a  fog-signal  station  on  Cape  Henlopen,  calling  for  means  of  trans- 
portation for  uie  material  used  in  its  construction,  alforded  a  chance  to  employ  the 
mules  during  the  early  winter  so  that  they  should  earn  a  portion  of  the  cost  of  keep- 
ing them  during  the  period  of  suspension  of  work  on  the  pier. 

The  methods  of  construction  during  the  year  have  not  varied  essentially  from  those 
employed  hitherto.  The  workmen  employed  were  picked  from  those  who  had  had  in 
previous  years  a  considerable  amount  of  experience  in  this  novel  and  peculiar  con- 
struction, and  the  progress  made  was  all  that  could  be  expected.  Considerable  but 
unavoidable  delays  occurred  at  times  from  the  want  of  material,  and  the  weather  was 
on  the  whole  unfavorable  for  rapid  progress. 

The  iron  material  for  6  bays,  or  126  feet,  in  addition  to  that  now  on  hand,  is  lacking  to 
complete  the  pier  itself  to  1,701  feet,  its  projected  end,  besides  all  the  material  of  the 
fender  system,  «feo.  About  8,000  feet  of  lumber,  or  20  pieces  A"  X  9"  X  42'  and  3"  X 
6''  X  26^  must  be  purchased  to  supply  the  place  of  that  used  in  auxiliary  construc- 
tions, and  to  replace  a  few  sticks  which  have  deteriorated  from  contact  with  sand, 
which  has  banked  up  around  the  lumber-piles. 

Great  care  has  been  taken  to  protect  the  lumber  from  this  source  of  decay,  and  it  is 
a  matter  of  congratulation  that  so  little  has  been  lost,  in  a  locality  where  the  surface 
is  composed  wholly  of  shifting  sand,  controllable  only  by  great  watchfulness  and  an 
expenditure  of  considerable  labor. 

On  the  31st  of  October  I  received  a  copy  of  Special  Order  No.  218,  War  Department, 
Adjutant-Gen eraVs  Office,  ordering  me  to  proceed  to  Detroit  and  report  to  Msu.  C.  B. 
Comstock  for  duty  on  the  improvement  of  South  Pass,  Mississippi  River,  and  after- 
ward to  take  station  in  New  Orleans.    I  left  Lewes  for  that  purpose  November  14. 

This  report  brings  my  present  connection  with  Lewes  pier  to  a  close. 
Very  respectfully,  your  obedient  servant, 

M.  R.  Brown, 
Captain  of  Engineers,  U,S,A. 

Lieut.  Col.  J.  D.  Kurtz, 

Corps  of  Engineers,  U.  S,  A. 


£   2. 

IMPROVING  ICE  HARBOR  AT  NEW  CASTLE,  DELAWARE. 

The  constmction  of  a  crib  for  the  foundation  of  a  new  ice-pier,  on  the 
lower  line  of  the  harbor,  had  been  commenced  at  the  close  of  the  last 
fiscal  year.  This  work  was  continued,  and  by  September  the  crib  had 
been  sunk  in  place  and  the  stone  superstructure  commenced.  The  pier 
was  entirely  completed  in  November. 

During  the  summer  the  end  of  the  coal-wharf,  below  the  piers,  was 
removed  for  a  distance  of  108  linear  feet  from  the  head.  The  effect  of 
this  partial  removal  has  been  to  allow  a  strong  current  on  the  flood- 
tide,  which  before  was  thrown  entirely  outside  the  ice-harbor,  to  pass 
now  inside  of  the  new  pier.  About  130  linear  feet  of  the  coal-whart 
remain  to  be  removed  to  bring  it  to  the  solid  wharf-line  established  by 
the  town  commissioners. 
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Should  a  small  appropriation  be  made  for  the  present  fiscal  year,  it  is 
proposed  to  complete  the  removal  of  this  wharf  to  the  commissioners' 
line. 

Next  year  it  is  proposed  to  construct  another  ice-pier  at  this  harbor, 
and  to  dredge  out  the  accumulated  sediment,  for  which  purpose  an 
appropriation  of  $28,500  is  asked. 

Money  statement 

Amount  available  July  1, 1875 834,043  70 

Amount  expended  during  fiscal  year  ending  June  30,  1876 30, 949  30 

Amount  available  July  1, 1676 3,094  40 

Amount  appropriated  by  act  approved  August  14,  1876 .- 12, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 28, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30»  1878.    28, 500  00 


E3. 
IMPROVING  HARBOR  AT  WILMINGTON,  DELAWARE. 

By  the  act  of  March  3, 1875,  $10,000  was  appropriated  <<  for  the  im- 
provement of  the  harbor  at  Wilmington,  Del."  Work  under  this  appro* 
priation  has  been  carried  forward  dnring  the  fiscal  year  ending  Jnne  30, 
1870,  at  the  several  localities  in  the  harbor  enumerated  below,  viz,  jnst 
below  the  buoy-depot  of  the  light-house  establishment,  near  the  entrance 
to  the  river,  along  the  south  slope  of  channel  jnst  below,  and  along  the 
north  side  of  channel  above  Third-street  bridge,  and  along  the  north 
side  of  the  channel  above  Market-street  bridge.  The  material  removed 
just  below  Third  street  was  about  105  cubic  yards  of  fast  rock,  the 
work  being  done  by  the  American  Dredging  Company  of  Philadelphia, 
under  contract  dated  May  28, 1875.  The  character  and  amount  of  mate- 
rial removed  from  the  remaining  localities  where  the  work  of  improve- 
ment has  been  going  on  during  the  year  are  as  follows,  viz :  From  the 
south  side  of  the  channel  below  the  buoy  depot  of  light-house  establish- 
ment, 12,000  cubic  yards  of  soft  mud ;  from  the  north  side  of  channel, 
above  and  in  the  immediate  vicinity  of  Third-street  bridge,  14,007  cubic 
yards  of  mud ;  from  the  north  side  of  the  channel  above  Market-street 
bridge,  4,070  cubic  yards  of  coarse  gravel.  This  work  was  performed 
under  a  contract  with  William  H.  Beard,  of  Brooklyn,  N.  Y.,  executed 
May  28, 1875.  Operations  for  the  removal  of  fast  rock  mentioned  above 
commenced  June  1, 1875,  and  were  completed  on  the  5th  of  August, 

1875.  For  the  removal  of  the  mud  and  gravel,  work  commenced  Novem- 
ber 15, 1875,  and  continued  until  December  18, 1875,  when  operations 
for  the  winter  were  suspended.    The  work  was  resumed  February  10, 

1876,  and  continued  to  completion  under  the  contract  on  the  3l8t  of 
March,  1876. 

The  results  of  the  work  for  the  improvement  of  this  harbor  for  the 
past  year  are  an  increase  of  width  to  the  channel  at  the  entrance  to  the 
harbor  to  300  feet  for  a  distance  of  about  600  feet :  an  increase  in  width 
to  the  channel  just  above  Third  street  to  150  leet,  for  a  distance  of 
about  600  feet;  an  increase  in  width  of  the  channel  just  above  Market 
street  to  150  feet,  for  a  distance  of  about  600  feet ;  in  each  case  afibrd- 
ing  12  feet  depth  of  water  at  ordinary  low-tide,  and  at  the  fast-rock  ex- 
cavation just  below  Third  street  the  depth  has  been  made  13  feet  at 
ordinary  low-tide. 
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With  a  farther  appropriation,  it  is  proposed  to  contiuae  the  improve- 
ment of  the  harbor  during  the  present  working  season  by  the  removal 
of  about  1,400  cabic  yards  of  mud  from  the  channel  opposite  and  just 
below  the  mouth  of  Brandy  wine  Creek  j  4,000  cubic  yards  of  mud  from  a 
point  protruding  into  the  channel  just  above  Brandy  wine  Creek  ;  210 
cubic  yards  of  fast  rock  from  the  south  slope  of  channel  just  below 
lliird  street,  (which  will  complete  the  improvement  of  that  locality;) 
and  about  3,000  cubic  yards  of  mud  from  the  south  side  of  channel 
above  Market  street. 

Next  season  it  is  proposed  to  continue  the  improvement  of  the  harbor 
by  the  removal  of  about  30,000  cubic  yards  of  mud  from  the  channel 
between  the  mouth  of  the  Brandywine  Creek  and  the  Christiana  Iron 
Company's  pier,  and  about  40,000  cubic  yards  of  mud  from  the  channel 
of  the  river  just  above  the  buoy -depot  of  the  light-house  establishment. 

This  work  will  require  an  appropriation  of  $20,000. 

Wilmington  is  in  the  coUection-district  of  Delaware^  and  is  a  port  of  entry.  The 
nearest  light-house  and  fort  are,  respectivelyi  Christiana  light  and  Fort  Delaware. 
The  amouut  of  revenue  collected  at  Wilmington  during  the  fiscal  year  ending  June 
30, 1876,  is  $14,641,  and  at  Philadelphia,  $3,281,420. 

ORIGINAL  ESTIMATE  FOR  IMPROVING  WILMINGTON  HARBOR,  DELAWARE. 

1.  For  removal  of  a  rock  in  channel- way,  as  specified  in  report  of  November 

2,1870 - $1,000  00 

2.  For  dredging  a  cut  120  feet  wide,  12  feet  deep  at  low  water,  through 

the  bar  at  the  mouth  of  the  river,  19,000  cubic  yards,  at  40  cents 7, 600  OO 

3.  For  dredging  a  cut  120  feet  wide,  12  feet  deep,  through  the  shoal  just  be- 

low the  Brandywine.  32,000  cubic  yards,  at  40  cents 12, 800  OO 

4.  For  dredging  a  cut  120  feet  wide,  12  feet  deep,  above  the  Brandywine  to 

the  ship-yards,  4,800  cubic  yards,  at  40  cents 19,200  00 

5.  For  widening  the  cut  at  the  light-house  to  300  feet,  96,000  cubic  yards,  at 

40  cents 38,400  OO 

Add  for  surveys,  inspectors,  office-expense,  and  contingencies 4, 000  OO 

Total 83,000  00 

Total  amount  appropriated  to  June  30, 1876 847,000  00 

Total  amount  expended  to  June  30,  1876 46,879  71 

Money  statement 

Amount  available  July  1,1875 610,129  34 

Amount  expended  during  fiscal  year  ending  June  30,  1876 10, 009  05 

Amount  available  July  1,  1876 120  29 

Amount  appropriated  by  act  approved  August  14, 1876 16, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 20, 000  00 

Amouut  that  can  be  protitab/y  expended  in  fiscal  year  ending  June  30, 1878  .     20, 000  00 


£  4. 

IMPKOVING  HARBOR  AT  MARCUS  HOOK,  PENNSYLVANIA. 

Daring  the  fiscal  year  ending  June  30, 1876,  important  repairs  were 
made  to  the  lower  outer  ice-pier  at  this  harbor.  It  was  seriously  in- 
jured by  the  large  iron  steamship  which  came  into  collision  with  it,  as 
was  stated  in  my  last  annual  report. 

The  commencement  of  the  repairs  was  delayed,  so  that  they  were  not 
completed  until  the  24th  of  December.  The  original  estimate  for  these 
repairs  was  $1,650,  but  upon  removing  the  stone  t>acking  of  super- 
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structure,  aod  timber  and  stone  filling  of  the  substractare,  preparatory 
to  goiog  forward  with  the  work,  it  was  foand  that  the  injury  to  the  pier 
caosed  by  the  steamship  was  more  extended  than  was  apparent  upon 
the  examination  made  at  first.  The  side  and  upper  salient  faces  of  the 
crib,  and  also  the  upper  timber-platform,  were  badly  cut  away,  and  it 
was  with  considerable  difficulty  that  the  new  timber  was  fitted  and 
placed  in  position,  securely  bolted,  and  made  complete  to  receive  the 
stone  superstructure.  The  cost  of  repairing  this  injury  was  finally 
$2,509. 

It  is  proposed  to  examine  these  piers  with  a  view  to  ascertain  whether 
the  currents  have  cut  away  the  bottom  of  the  river  around  their  bases. 
This  was  found  to  be  the  case  with  the  one  referred  to  above,  and  which 
has  been  provided  with  an  enrockment,  and  this  treatment  may  be  ad- 
Tisable  for  the  others. 

Money  statement 

Amonnt  available  July  1,  1875 |9,497  53 

Amount  expended  dariDg  fiscal  year  ending  June  30,  1876 2, 795  6*2 

Amonnt  available  July  1, 1876 .• 6,701  91 


IMPROVING  HARBOR  AT. CHESTER,  PENNSYLVANIA. 

There  being  no  appropriation  available  for  this  harbor,  no  work  was 
done  on  the  Government  piers  during  the  fiscal  year  ending  June 
30, 1876. 

The  last  expenditure  of  funds  at  this  harbor  was  made  in  1873,  in  re- 
newing the  two  connecting  bridges  at  the  upper  piers.  The  cap-logs  to 
piers  and  wharves,  and  two  or  more  courses  of  timber  below  them,  re- 
quire renewing ;  the  bridge  at  the  lower  pier  is  about  worn  out,  and 
those  at  the  upper  piers  require  minor  repairs,  together  with  the  earth 
and  stone  causeway  leading  from  the  lower  pier  back  to  the  fast  land. 

In  my  last  annual  report  it  was  recommended  that  the  sum  of  $6,000 
be  appropriated  for  the  purpose  of  these  repairs.  Should  Congress 
make  the  appropriation  asked  for,  it  is  proposed  to  commence  and  com- 
plete these  repairs  during  the  present  Season. 

Chester  continues  to  retain  its  prominence  as  a  ship-bnilding  point  and  for  mannfac- 
tnring  industries.  It  is  in  the  collection-district  of  Philadelpbia.  The  nearest  port 
of  entry,  light-house,  and  fort,  are,  respectively,  Philadelpbia,  Fort  Mifflin  light,  and 
Fort  Mifflin.  The  amount  of  revenue  collected  at  Philadelphia  during  the  fiscal  year 
ending  June  30, 1876,  was  $8,281,420. 

Money  statement 

Amount  appropriated  by  act  approved  August  14, 1876 $2, 600 

Amount  (estimated)  required  for  completion  of  existing  project 3, 400 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878. ..     3, 400 


£6. 
IMPKOVING  SCHUYLKILL  EIVER,  PEN^'SYLVANIA. 

During  the  fiscal  year  ending  June  30,  1876,  operations  for  the  im- 
provement of  this  river  have  included  the  removal  of  4,656  cubic  yards- 
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of  mud  from  the  mouth ;  3,175  cubic  yards  of  mud  from  the  channel 
near  Girard  Point;  10,236  cubic  yards  of  gravel  from  the  channel 
above,  and  adjacent  to  Penrose  Ferry  bridge,  and  28,190  cubic  yards  of 
coarse  gravel  and  bowlders  from  the  channel  near  Gibson's  Point. 

The  effect  of  the  excavation  at  the  mouth  was  the  removal  of  a  few 
shoal  points  along  the  axis  of  the  channel  between  the  Delaware  and  a 
point  about  1,000  feet  up  stream ;  near  Girard  Point  a  narrow  shoal 
strip  sdong  the  north  side  of  the  channel  was  removed  ]  and  above,  and 
adjacent  to  Penrose  Ferry  bridge,  a  continuation  of  the  excavation 
through  the  bar  was  made,  nearly  completing  the  improvement  at  that 
point.  The  work  near  Gibson's  Point  was  making  a  cut  25  feet  in 
width  along  the  western  slope  of  the'  channel  for  a  distance  of  1,000 
feet,  and  a  cut  50  feet  in  width  for  a  distance  of  1,250  feet  in  length. 
In  all  cases  the  depth  of  water  effected  was  20  feet  at  ordinary  low- tide. 

With  the  exception  of  a  short  distance  through  the  cut  at  the  bar  just 
below  ^*  Penrose,^  the  result,  on  the  whole,  is  an  uninterrupted  channel- 
way  with  20  feet  depth  of  water  at  low-tide,  and  not  less  than  150  feet 
in  width  from  the  mouth  of  the  river  to  near  Gibson's  Point,  a  distance 
of  4}  miles. 

As  evidence  of  the  importance  of  the  improvement  of  the  Schuylkill 
Biver,  which  has  been  in  progress  by  the  United  States  since  1870,  it 
is  of  interest  to  state  that  in  the  single  item  of  grain  there  have  been 
shipped  to  foreign  ports  from  this  river  10,813,429  bushels  during  the 
past  fiscal  year. 

Since  the  commencement  of  the  improvement  of  this  river,  in  the  fall 
of  1870,  there  have  been  removed  from  the  channel- way  366,813  cubic 
yards  of  material,  distributed  as  follows :  From  the  mouth  of  the  river 
and  immediate  vicinity,  51,649  cubic  yards  of  mud  ;  from  Girard  Point, 
10,071  cubic  yards  of  mud ;  from  the  bar  above  Penrose  Ferry  bridge, 
216,113  cubic  yards  of  gravel ;  from  near  Gibson's  Point,  88,078  cubic 
yards  of  coarse  gravel  and  bowlders ;  from  off  South  street,  172,  and 
from  off  Locust  street,  730,  cubic  yards  of  fast  rock. 

As  recommended  in  my  last  annual  report,  it  is  proposed  to  modify 
the  project  for  the  improvement  of  this  river  by  enlarging  the  cut  from 
the  Delaware  into  the  Schuylkill,  until  it  shall  have  a  width  of  300  feet 
and  a  depth  of  24  feet  at  low- water.  To  form  this  enlarged  entrance  cut 
will  require  the  removal  of  300,000  cubic  yards  of  material  by  dredging, 
at  a  cost  of  about  $75,000.  This  is  rendered  necessary  by  the  greatly- 
enlarged  business  and  increased  size  of  vessels  loading  at  the  grain- 
elevator  at  Girard  Point.  No  other  change  is  proposed  to  be  made  ia 
the  work. 

If  an  appropriation  is  made  for  continuing  the  improvement  of  this 
river  during  the  present  season,  it  is  proposed  to  remove  by  dredginij; 
at  the  mouth  of  the  river  a  probable  small  deposit  made  by  the  ebb-cur- 
rents of  the  two  rivers  from  above  during  the  past  year ;  remove  about 
3,000  cubic  yards  of  gravel  from  the  east  side  of  the  cut  through  the 
bar  above  Penrose  Ferry  bridge,  completing  the  work  at  that  point ; 
18,000  cubic  yards  of  coarse  gravel  and  small  bowlders,  and  150  cubic 
yards  of  last  and  loose  rock,  from  the  channel  near  Gibson's  Point ;  and 
8,000  cubic  yards  from  the  channel  between  Gibson's  Point  and  Gray's 
Ferry  bridge.  The  last-mentioned  work  to  be  with  a  view  of  affording 
18  feet  depth  of  water  in  the  channel  above  Gibson's. 

It  is  proposed  to  continue  the  improvement  of  the  river  during  the  next 
fiscal  year  by  removing  from  the  channel  between  the  mouth  and  Girard 
Point,  (with  a  view  of  obtaining  ultimately  24  feet  at  low-tide,)  140,000 
cubic  yards  of  mud }  from  the  channel  off  Gibson's  Point,  about  150 
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cnbic  yards  of  rock,  and  above  Gibsou's  aboat  40,000  cubic  yards  of 
SHud  and  loose  material. 

Ori/^inal  estimated  cost  of  improvement $257,700 

Incnsase  of  1874,  (|40  per  yard  for  rock  instead  of  $25) 42, 000 

Increase  as  recoiumeuded  iu  tbis  report  for  additional  depth  and  width  at 

the  moath  of  the  river 75,000 

374,700 
Total  amount  appropriated  and  expended 145,000 

Thi»work  is  in  the  collection-district  and  port  of  Pbilftdelphia.  The  nearest  lij^ht- 
honse  is  Fort  Miffliu  light.  The  nearest  fort  is  Fort  Mifflin.  The  amount  of  reveuae 
collected  at  Philadelphia  during  the  fiscail  year  ending  June  30,  1876,  was  ${^,281,420. 

Inclosed  herewith  is  a  statement  of  the  grain  and  oil  trade  done  dar- 
ing the  year  ending  June  30, 187G,  in  the  Schuylkill  lliver. 

Money  statement 

Amount  available  July  1, 1875 $19,759  34 

Amount  expended  during  fiscal  year  ending  June  30,  1876 19, 659  49 

Amount  available  July  1,1876 99  85 

Amount  appropriated  by  act  approved  August  14,  1876 20,000  00 

Amount  (estimated)  rerxuired  for  completion  uf  existing  project 209,700  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     60, 000  00 


STATEMENT  OF  THE  BUSINESS  DONE  AT  6IRARD  POINT  ELEVATOR  FROM  JULY  I,  1875 

TO  JUNE  30,  1876. 

Office  of  Petkr  Wright  &  Sons,  General  Agents, 

307   WalHHt  Street,  Philadelphia,  July  12, 1876.. 

Received  25,856  cars,  containing  11,052,072.28  bushels  of  grain. 

Shipped  on  board  361  vessels  10,8i:i,429.24  bushels  of  grain. 

The  total  grain  business  of  Philadelphia  in  six  months,  January  1  to  July  1, 1676, 
amounted  to  11,042,554  bushels;  January  1  to  July  1,  1875,  amounted  to  3,921,624 
buHhels. 

The  oil  business  at  Poitft  Breeze  from  July  1,  1875,  to  June  30,  1376,  inclusive,  has 
employed  a  total  of  419  vessels,  and  that  of  Gibson's  Point  90  vessels  of  all  classes. 

We  inclcMe  herewith  a  slip  showiug  the  present  condition  of  the  improvements  at 
Girard  Point. 

Years,  very  truly, 

Peter  Wright  &  Sons. 


IMPR0VEMF.NT8  AT  GIRARD  POINT. 

The  International  Navigation  Company,  (Red  Star  Line,)  of  whtch  Messrs.  Peter 
Wright  &  Sons  are  managers,  are  making  extensive  improvements  on  their  property 
at  Girard  Point,  at  the  month  of  the  Schuylkill,  to  accommodate  their  rapidly  increas- 
ing business.  They  have  just  completed  two  additional  piers,  each*  500  feet  long  by  60 
feet  wide,  which,  with  those  already  built,  will  give  dock-room  for  forty  large  ships. 
On  one  of  the  piers  they  are  about  erecting  a  large  iron  tranefer-elevator,  with  a  ra- 
pHCtty  for  unloading  about  100  car-loads  of  grain  a  day,  and  transferring  it  direct  to 
the  hold  of  vessels  in  the  docks.  This,  in  addition  to  their  immense  storage-elevator, 
completed  last  year,  gives  them  one  of  the  finest  systems  of  elevators  in  the  world. 

There  are  also  being  laid  three  additional  miles  of  steel  railroad-track  in  their  yard  and 
piers.  The  track  is  laid  in  the  best  manner,  ballasted  witb  stone,  and,,  when  completed, 
wiU  give  Btaodtng-room  for  500  cars. 

18  £ 
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E7. 
IMPROVING  DELAWARE  RIVER  AT  FORT  MIFFLIN  BAR. 

Daring  the  fiscal  year  ending  Jane  30,  1876,  operations  for  this  im- 
provement have  been  in  progress  along  the  western  portion  of  the  pro- 
posed improvement,  excavating  a  channel  through  the  bar  from  the  New 
Jersey  channel  south  to  the  Pennsylvania  channel  on  the  north,  afford- 
ing 22  feet  depth  of  water  at  ordinary  low-tide.  The  work  has  been  ex- 
ecuted by  contracts  made  under  the  apppropriations  of  June  23, 1874, 
and  March  3, 1875.  Operations  in  dredging  under  the  first  contract 
ceased  August  7,  1876,  when  the  work  was  continued  under  the  second 
to  April  6,  1876,  when  operations  ceased  under  these  appropriations. 

One  hundred  and  twenty-five  thousand  and  sixteen  cubic  yards  of  ma- 
terial have  been  removed  from  the  bar,  under  the  two  contracts. 

The  improvement  was  then  continued  as  reported  here  below  under  the 
law  for  '^  Improving  the  Delaware  Eiver  between  Petty's  Island  and  its 
mouth. " 

Money  statement 

Amount  available  July  1, 1875 $39,959  89 

Amount  expended  during  fiscal  year  ending  June  30, 1876 39, 095  89 


£  8. 

IMPROVING  DELAWARE  RIVER,  BETWEEN  PEmrS  ISLAND  AND  ITS  MOUTH 

The  balance  of  the  appropriation  for  improving  the  Delaware  Kiver 
at  Horseshoe  Shoals,  $49,500,  was  transferred  by  the  act  of  March  3, 
1875,  to  this  improvement,  as  reported  last  year. 

Operations  under  this  appropriation,  so  transferred,  have  been  carried 
on,  in  conformity  with  the  approval  of  the  Chief  of  Engineers,  at  the 
several  localities  along  the  river-channel  ennmerated  below,  viz : 

Fort  Mifflin  Bar  near  Fort  Mifflin,  Bulkhead  Shoals  near  Fort  Dela- 
ware, and  in  the  main  ship-channel  below  Beedy  Island. 

Work  was  commenced  at  Fort  Mifflin  Bar  about  April  1, 1876,  under 
contract  executed  July  22  of  last  year,  and  continued  to  June  13, 1876, 
when  operations  ceased,  owing  to  the  exhaustion  of  funds. 

The  plan  of  operations  was  a  continuation  of  the  excavation  through 
the  bar  from  the  channel  on  the  south  to  the  channel  on  the  north, 
affording  22  feet  depth  of  water  at  low-tide,  commencing  at  the  point 
on  the  western  line  of  the  improvement  where  operations  ceased  under 
the  contract  of  May  22, 1875,  made  under  the  specific  appropriation  for 
the  improvement  of  Fort  Mifflin  Bar  by  act  of  March  3, 1875.  Under 
this  contract,  96,221  cubic  yards  of  material  were  removed,  making  a  cat 
about  2,500  feet  in  length,  with  a  width  of  200  feet 

The  excavation  through  the  bar  under  this  appropriation,  and  in  cod- 
nection  with  that  made  under  the  specific  appropriations  for  this  im- 
provement, has  l>een  in  progress  during  the  several  working  seasons 
since  1873,  dredging  a  deep-water  channel  across  the  bar,  with  a  width 
of  about  1,200  feet 

The  excavation  for  this  channel  through  the  bar  has  fallen  short  of 
the  width  designed,  owing  to  large  recent  accumulations  of  mud  at  the 
extremities  of  the  eats,  which  did  not  form  a  part  of  the  material  to  be 
removed  in  the« original  .estimate.    These  unexpected  deposits  of  mud, 
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amounting  to  105,000  cubic  yards,  which  have  probably  cotne  down  the 
river  from  dredged  material  deposited  on  the  Light-House  Shoal,  2^  miles 
above  the  work,  had  to  be  removed. 

During  the  whole  period  of  this  improvement,  which  commenced  in 
July,  1873,  and  was  suspended  June  13,  1876,  623,195  cubic  yards  of 
material  have  been  removed,  forming  a  cut  about  .2,500  feet  in  length, 
about  1,200  feet  in  width,  and  about  22  feet  depth  of  water  at  ordinary 
low-tide. 

The  improvement  at  Bulkhead  Shoals  consists  in  deepening  and 
straifirhtening  the  channel,  b}^  cutting  away  the  shoal  points  projecting 
into  it  on  eithek*  side  to  a  minimum  depth  of  21  feet  at  mean  low-water. 

Under  a  contract  awartled  at  the  close  of  the  last  fiscal  year,  the  work 
of  dredging  was  commenced  July  22, 1875,  on  the  point  of  a  shoal  on  the 
lower  side  of  the  channel  at  the  bend,  and  continued  until  November  5, 
resulting  in  the  removal  or  97,972  cubic  yards  of  sand  and  mud. 

The  extent  of  the  excavation  was  about  2,800  feet  in  length  by  250 
feet  in  width,  and  the  cut  averaged  about  3^  feet  in  depth. 

A  wreck  of  an  oyster-schooner  lying  in  the  main  ship-channel,  about 
3  miles  below  Beedy  Island  light,  which  formed  a  dangerous  obstruc- 
tion to  navigation,  was  removed  under  an  agreement  with  the  Ameri- 
can Dredging  Company,  at  a  cost  of  $900. 

If  an  appropriation  is  made  for  continuing  these  improvements,  it  is 
proposed  during  the  present  season  to  remove  the  deposits  of  mud  which 
have  taken  place  during  the  year  in  the  cut  through  Fort  Mifflin  Bar, 
and  in  the  New  Jersey  channel  just  below  it,  and  to  continue  the  work 
of  dredging  at  Bulkhead  Shoals  by  cutting  away  a  projecting  point  of 
it  on  the  northern  and  western  side  of  the  channel. 

Money  statement. 

Amonnt  available  Jaly  1, 1875 $49,075  55 

Amoant  expended  during  fiscal  year  ending  30, 1876 49, 075  55 

Amonnt  appropriated  by  act  approved  Augnst  14, 1876 40, 000  00 

Amonnt  (estimated)  required  for  completion  of  existing  project 235, 000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30, 1878 .  ICO,  000  00 


£  g. 

IMPROVING  DELAWARE   RIVER   BETWEEN  TRENTON  AND  WHITE  HILL, 

NEW  JERSEY. 

At  the  close  of  operations  in  the  fall  of  1875,  a  dredged  channel,  with 
a  width  of  125  feet  at  its  narrowest  point  and  a  depth  of  6  feet  at  low- 
water,  had  been  formed  around  Periwig  Island.  The  appropriation  of 
•10,000,  made  by  act  of  March  3, 1875,  was  applied  to  the  removal  by 
dredging  of  such  obstructions  of  gravel  and  bowlders  as  were  caused  by 
the  action  of  freshets  and  the  ice  of  winter,  and  to  increasing  the  width 
of  the  channel  at  its  upper  end  to  150  feet. 

If  an  appropriation  be  made  for  the  service  of  the  present  fiscal  year, 
it  will  be  expended  in  improving  the  channel  around  Periwig — ^in  main- 
taining its  depth  and  increasing  its  width. 

An  appropriation  of  $10,000  for  the  next  fiscal  year  is  asked  for  con- 
tinniog  the  improvement  of  the  river  between  Trenton  and  White  Hill. 

Trenton  is  in  the  collection-district  of  Barlington;  Philadelphia  being  the  nearest 
port  of  entry.  The  nearest  ligbt-house  and  fort  are,  respectively,  Fort  Mifflin  light  and 
Fort  Mifflin.  The  revenne  collected  at  Philadelphia  during  the  year  ending  Jnne  30, 
1876,  amoanted  to  t8,%l,420. 
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ORIGINAL  ESTIMATED  COST  OF  WORK. 

To  excavate  a  cnt  through  the  shoal  at  Periwig  Island,  200  feet  wide  and  6 
feet  deep,  will  require  the  removal  of  140,000  cubic  yards  of  gravel,  bowld- 
ers, &c.,  at  50  cents |70  000 

Below  Newbold's  Island,  a  cnt  200  feet  wide,  700  feet  lon|;,  and  1  foot  deep, 

5,000  cubic  yards,  at  40  cents 2,000 

Contingencies 3,000 

Total 75,000 

Total  amount  appropriated  to  June  30,  1876.. - 45,000 

Total  amount  expended  to  June  30,  ia76 : 45,000 

Money  statement 

Amount  available  July  1, 1875 $10,000  00 

Amount  expended  during  fiscal  year  ending  June  30, 1876 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 30, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .  10, 000  00 


£  10. 

IMPROVING  BROADKILN  RIVER,  DELAWARE. 

No  work  has  been  done  on  this  improvemeDt  since  the  spring  of  1874, 
when  the  appropriation  of  $10,000  was  exhausted. 

Should  further  appropriation  be  made  by  Congress,  it  is  proposed  to 
continue  the  original  project  for  the  improvement  by  dredging  the 
river  at  the  shoal  places,  and  by  opening  an  inlet  into  the  bay  at  the 
junction  of  Broadkiln  and  Lewes  Creeks. 

ORIGINAL  ESTIMATED  COST  OF   THE   WORK. 

For  making  an  opening  across  beach  to  discharge  waters  of  Broadkiln  and 

Lewes  Creeks  into  bay $14,790 

For  dredging  the  Broadkiln  River  and  building  dam  to  turn  the  waters  from 
Lewes  Sound  to  New  Inlet 65,657 

Total  cost  of  improvement 80,447 

Amount  appropriated  since  adoption  of  project (10, 000 

Amount  expended  since  adoption  of  project 10,000 

This  work  is  in  the  collection-district  of  Wilmington,  Del.,  which  city  is  the  nearest 
port  of  entry.  Fort  Delaware  is  the  nearest  fort,  and  Delaware  Breakwater  light  is 
the  nearest  light-house. 

Amount  (estimated)  required  for  completion  of  existing  project...... ......      $60,  447 

Amount  required  for  fiscal  year  ending  June  30,  1878 10,000 

Money  statement 

Amonnt  (estimated)  required  for  completion  of  existing  project $60,447  00 

Amount  that  can  beprotitably  expended  in  fiscal  year  ending  June  30, 1878.      10«  000  00 


£  II. 

IMPROVING  THE  NORTH  AND  SOUTH   BRANCHES  OF  THE  SHREWSBURY 

RIVER,  NEW  JERSEY. 

No  appropriation  was  made  for  the  improvement  of  tbis  river  for  the 
last  fiscal  year.    The  allotment  made  for  a  survey  of  this  river,  in  part, 
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"waa  expended  in  sorveya  made  at  the  mouth  of  the  river  and  at  Upper 
and  Lower  Rocky  Points,  and  a  project  for  the  improvement  of  the 
river  at  Upper  and  Lower  Rocky  Points  has  been  submitted. 

if  an  appropriation  be  made  for  the  service  of  the  present  fiscal  year, 
it  will  be  applied  in  dredging  at  Upper  Rocky  Point. 

An  appropriation  for  the  next  fiscal  year  of  $L3,00D,  in  accordance 
with  the  project,  is  asked,  for  oontinning  and  completing  the  improve- 
ment at  Upper  and  Lower  Rocky  Points. 

Shrewsbnry  River  is  ia  the  coUeotion  district  of  AmSoy ;  fort  at  Sandy  Hook  is  the 
nearest  furt,  and  Navesiok  lights  are  the  nearest  light-houses. 

KSTIMATB    OF   THB    COST    OP    IMPROVKMBNTT    OF    TUB    RIVRR  AT    UPPER  AND  LOWER 

ROCKY  POINTS. 

Close-pile  stmcture,  1,200  feet  long,  at  Lower  Rocky  Point |9, 000 

Dredjjring  at  Upper  Rocky  Point $4,800 

Dred|{ing  at  Lower  Rocky  Point 3,200 

Contingencies 1,000 

9,000 

Total , 18,000 

Dnringthe  years  1872-'74,  $19,000  were  expended  in  dred^ng  at  va- 
rious points  on  this  river.  Since  then  several  changes  in  the  channel 
have  occurred,  and  a  survey  of  the  river  at  three  of  these  points  has 
enabled  a  project  to  be  made  with  an  estimate  of  cost. 

Total  amnant  appropriated  to  June  30, 1876 $19,000 

Total  anionnt  expended  to  June  30,  1876 .• 19,000 

Amount  reqaired  for  the  fiscal  year  ending  June  30, 1878 13,000 


£    12. 
IMPROVING  COHANSEY  CREEK,  NEW  JERSEY. 

This  improvement  remains  in  an  incomplete  condition,  no  appropria- 
tion having  been  made  for  the  last  two  fiscal  years.  An  appropriation 
of  $10,000  is  asked  for  continuing  the  improvement  in  accordance  with 
the  project  submitted  December  9, 1872. 

ORIGINAL  ESTIMATE  OF  COST. 

Sixty-seven  thousand  nine  hundred  and  eighty-eight  cubic  yards  of  dredg- 
ing, at  37  cents $25,155  56 

Inspector 750  00 

Advertising  and  office- work 400  00 

Laying  oat  and  supervising  work 500  00 

Contingencies 3,194  44 

30, 000  00 

Total  amount  appropriated  to  June  30,  1876 10,000  00 

Total  amount  expended  to  June  30,  1«76 10,000  00 

Cobansey  Creek  is  in  the  collection -district  of  Bridgeton,  N.  J.,  which  is  the  nearest 
port  of  entry.  Fort  Delaware  is  the  nearest  fort,  and  Cobansey  light  is  the  nearest 
light-house. 

Amount  (estimated)  required  for  completion  of  existing  project $20, 000 

Amount  required  for  liscaL  year  ending  June  30, 1876 10,000 

Money  statetnent 

Amount  (estimated)  required  for  completion  of  existing  project $20,000 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878..     10, 000 


278 


REPORT  OF  THE  CHIEF  OF  ENGINEERS. 


E  13. 

DELAWARE  BREAKWATER  HARBOR. 

Daring  the  fiscal  year  ending  Jane  30, 1876,  nothing  has  been  done 
to  tbis  work  by  the  tlnited  States. 

In  the  early  part  of  the  year,  the  Western  Union  Telegraph  Company, 
by  permission  of  the  Hon.  Secretary  of  War,  occupied  the  old  light- 
hoase  building  on  the  breakwater  as  a  telegraph  station.  Poles  were 
placed  along  the  work,  and  wires  run,  and  connection  with  the  maia 
line  on  shore  made  by  means  of  a  cable  laid  from  the  southeastern  ex- 
tremity of  the  breakwater  to  a  point  on  Gape  Henlopen,  about  1,800  feet 
inside  of  the  beacon  light. 

Appended  hereto  is  a  table  showing  the  number  of  vessels  seeking 
refuge  in  the  harbor  for  12  years  past,  between  1833  and  1876 : 

Statement  of  vessels  taking  r^uge  in  Delaware  Breakwater  Sarhor  daring  the  years  stated 

below. 


Tear. 
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1838 

1843 

1847 
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to  July  1, 1876.    5 
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629 
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9,759 

9,814 
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Remarks. 


308,  393 


Pilot-boats    classed 
with  schooners. 

Six  months'  retnm. 


£  14. 

SURVEY  OF  NORTH  AND  SOUTH  BRANCHES  OF  SHREWSBtlRY  RIVER,  NEW 

JERSEY. 


United  States  Engineer  Office, 

Philadelphia^  Pa,j  February  1, 1876. 

General:  I  have  the  honor  to  present  the  following  report  of  the 
survey  of  the  "  north  and  south  branches  of  the  Shrewsbury  River,  New 
Jersey,"  provided  for  in  the  river  and  harbor  act  of  1^576,  (general  na- 
ture, No.  33,)  approved  March  3, 1875,  and  committed  to  me  by  your 
instructions  of  March  22,  1875 : 

The  field-work  of  this  survey  was  executed  in  August  and  part  of 
September^  1875,  and  the  oflQce-work  has  been  in  progress  during  the 
interval  since,  as  other  duties  permitted  it  to  be  worked  upon. 

The  charts,  marked  1  and  2,  which  accompany  this  report,  show  the 
results  of  the  survey  and  the  remedial  measures  which  it  is  proposed  to 
adopt  for  the  improvement  of  the  navigation  of  the  waters  concerned. 
It  will  be  seen  that  somewhat  more  work  has  been  accomplished  upou 
the  survey  than  was  anticipated  with  the  amount  of  funds  that  could  be 
assigned  for  it  from  the  general  appropriation  for  surveys. 

The  improvements  of  the  navigation  of  the  Shrewsbury  Rivers  which 
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were  executed  daring  the  years  1871-'72-'73,  were  based  apon  the  infor- 
mation obtained  by  inqniry  among  the  navigators  and  pilots  familiar 
with  the  waters,  and  such  examinations  as  it  was  practicable  to  make 
from  time  to  time  daring  the  progress  of  the  work. 

In  1S74  it  was  stated  in  my  annnal  report  that  a  careful  snrvey  should 
be  made  before  further  work  upon  the  improvemen't  of  this  river.  This 
statement  was  caused  by  two  reasons :  one,  that  no  survey  could  be 
found  on  record  giving  any  suitable  information  for  comparison  upon 
thepoints  involved  ;  the  other,  that  the  changes  in  the  condition  of  the 
waters  had  been  extraordinary  and  extreme,  having  been  caused  by  the 
repeated  breaching  of  the  ocean-beach  by  storms  and  corresponding 
succeeding  closures  of  these  inlets  by  the  action  of  the  river-currents. 
Thus,  at  one  time,  1779-'82,  the  discharge  of  the  rivers  was  direct  into 
the  ocean,  at  a  point  near  the  junction  of  the  North  and  South  branches ; 
at  another,  1836,  this  inlet  had  crept  up  the  beach  abreast  of  and  be- 
yond the  position  of  the  Navesink  lights;  and  again,  1850,  the  beach 
bad  become  continuous  to  Sandy  Hook  Bay.  Sometimes  again,  as  in 
1844,  two  inlets  existed  through  the  oc^an-beach,  while  at  the  same  time 
a  water-way  oi>ened  into  Sandy  Hook  Bay ;  and  again  this  water-way 
was  entirely  closed  by  a  bar  rising  above  high- water  level,  and  extend- 
ing across  from  the  Navesink  shore  to  the  Sandy  Hook  beach.  These 
particulars  are  illustrated  in  the  small  sketches  on  chart  3. 

These  circumstances  are  so  variant  that  no  expectation  could  be  en- 
tertained of  any  control  of  the  waters  until  the  ocean-beach  should  first 
be  maintained  in  a  permanent  stable  condition  for  some  time,  and  then 
the  enormous  quantities  of  sand  accumulat/cd  by  the  breaches  be  removed 
from  the  passageway  of  the  rivers,  and  the  rivers  be  thoroughly  estab- 
lished in  their  normal  channels,  undisturbed  l)y  inroads  from  th  *  ocean. 

About  1865  the  New  Jersey  Southern  Enilroad  was  built  from  Sperm- 
aceti Cove  along  the  front  beach  to  Long  Branch,  and  this  construction 
gave  promise  that  the  beach  would  be  permanently  protected  from 
breaches  by  the  ocean.  This  first  condition  has  been  maintained  stead- 
ily since  that  time,  so  that  it  now  remains  only  to  remove  the  vast  sand 
de|>osit8  and  shoals  which  were  produced  during  the  previous  disturbed 
condition  of  the  rivers.  The  ebb  and  flood  tides  of  the  rivers  are  stead- 
ily at  work  reducing  these  obstacles  to  the  regular  flow  of  the  waters ; 
their  influence  is  without  cost,  and  is  far  more  potential  than  any  arti- 
ficial means  that  can  be  applied  within  the  limits  of  moderate  cost  or 
expenditure. 

In  1871  our  operations  for  improving  the  depth  of  water  in  shoal 
places  were  begun. 

A  channel  was  excavated  by  dredging  at  the  junction  point  of  the 
two  rivers,  (Lower  Uocky  Point,)  so  as  to  increase  the  depth  of  water 
at  that  locality  from  2  feet  to  6  feet  at  low  tide.  Another  excavation 
was  made  at  Upper  Rocky  Point,  about  1,200  yards  up  the  North 
{Shrewsbury,  so  as  to  jconnect  the  deep  water  above  and  below,  and 
atturd  a  continuous  navigation  at  low  tide  for  draughts  of  6  feet.  A 
third  cut  was  made  a  little  within  ^he  entrance  to  Sandy  Hook  Bay,  af- 
fording the  same  depth  of  water.  These  and  some  minor  excavations 
were  made  during  the  seasons  of  1871-'72-'73.  Great  need  was  felt  of 
more  definite  information  than  could  be  obtained  respecting  both  the  con- 
dition of  the  river  and  its  history  in  past  years,  and  it  was  recommend- 
ed, as  stated  above,  that  a  survey  should  precede  further  expenditure 
for  improvements.  This  survey  has  now  been  executed.  Unfortunately 
there  is  no  previous  survey  suitable  for  the  purpose  of  comparison.  It 
will  be  seen,  however,  by  examination  of  the  charts,  that  the  work  at 
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Lower  Rocky  Point  has  been  as  successful  as  <  onld  be  looked  for  in 
Tiew  of  the  remarkable  irregularities  of  the  bottom  at  that  locality.  It 
is  proposed  to  place  along  the  line  of  the  channel  there  leading  up  the 
North  Branch,  a  deflector  of  pile-work,  so  arranged  as  to  control  the 
currents,  both  of  flood  and  ebb,  while  not  disturbing  the  waters  of  South 
Shrewsbury,  either  entering  or  ebbing. 

When  this  deflector  is  built,  it  is  believed  that  very  little  dredging 
will  be  required  in  front  of  it,  to  afford  a  channel  of  regular  and  uni- 
form section  around  Lower  Rocky  Point. 

At  Upper  Rocky  Point,  the  survey  shows  that  the  artificial  cut  which 
has  been  made  should  be  connected  with  the  southern  loop  of  deep 
water,  as  well  sls  with  the  northern  one,  and  the  flow  of  water  be  thus 
encouraged  to  take  the  southern  channel  above  this  point. 

The  work  at  the  mouth,  or  near  Sandy  Hook  Bay,  has  not  resulted  so 
well.  It  appears  there  that  the  discharge-channel  is  in  a  condition  of 
transition ;  that  the  deep  water  west  of  the  ^^  Island  Beach"  Island,  and 
the  loop  from  Sandy  Hook  Bay  corresponding  to  it,  are  not  likely  to  be 
permanent  features  of  the  river,  but  that  they  have  occurred  as  the 
river  is  slowly  returning  to  a  channel  of  discharge  which  follows  the 
inner  line  of  the  ocean-beach,  and  may  eventually  find  its  outlet  at  or 
near  the  Point  of  Cove. 

The  portion  of  Shrewsbury  River  affected  by  the  breaches  from  the 
ocean  extends  from  Sandy  Hook  Bay  to  above  Upper  Rocky  Point,  a 
length  of  6,000  or  7,000  yards,  besides  the  disturbances  in  South 
Shrewsbury  from  the  junction  up.  These  disturbances  have  been  on  a 
vast  scale,  involving  the  transposition  of  enormous  amounts  of  sandy 
deposits.  That  portion  of  the  river  from  Lower  Rocky  Point  up,  will  be 
the  first  to  resume  a  regular  regimen ;  and  artificial  works  to  aid  in  this 
result  may  be  first  applied,  and  be  expected  to  prove  most  efifective 
there.  At  the  mouth  of  the  river,  the  natural  forces  at  work  must  pro- 
duce their  effects  more  gradually,  and  it  will  be  wiser  to  wait  until  the 
state  of  equilibrium  is  near  at  hand,  instead  of  now  interposing  the 
efforts,  comparatively  small,  which  our  limited  means  enable  us  to  bring 
into  play. 

It  may  eventuate  that  little  or  no  assistance  will  be  found  necessary 
to  promote  the  formation  of  a  good  channel  in  this  portion  of  the  river. 

The  channel  between  Lower  Rocky  Point  and  the  Island  Beach  Island 
is  now  good,  and  has  been  so  for  some  years  past.  It  passes  from  above, 
along  the  mainland  or  west  shore,  past  the  Highlands  wharf,  and  then 
obliquely  over  to  the  beach-shore.  At  the  same  time  the  ebb-current  at 
Rocky  Point  has  some  tendency  to  shoot  over  to  and  down  along  the 
beach.  It  will  be  seen  by  the  chart  that  the  cause  of  these  peculiarities 
is  a  great  deposit  of  sand,  (1,000  yards  long  at  low  water  in  1844,)  the 
effect  of  a  breach  at  the  locality.  This  shoal  has  now  nearly  disappeared 
at  low-water,  and  the  material  washed  from  it  by  the  flood-tide  must  be 
a  principal  cause  of  disturbance  in  the  waters  about  Lower  Rocky  Point, 
and  probably  also  yields  material  which  shoals  tlie  waters  of  the  South 
Shrewsbury.  When  it  is  all  removed  by  the  currents,  then  the  channel 
may  establish  itself  on  the  beach-side  along  the  whole  length  of  the 
united  river. 

ESTIMATE  FOR  A  CTX)SE  PILE  STRUCTURE  ABOUT  1,200  FEET  LONG— PILES  ABOUT  12" 
DIAMETER,  PLACED  SIDE  BY  SIDE,  WITH  GUARD-TIMBEKS  ALONG  THE  SIDES,  BOLTED 
ON  THE  PILES  NEAR  HIGH- WATER  MARK. 

20' hemlock  piles— 970  piles  in  place,  at  $5 #4,^50 

(jiiard- tiiu bers,  30,000  feot,  board-measure,  at  $50 1, 500 

Bolts,  workmanship,  (&o *...       1,000 
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■ 

Snperint«ndence $400 

Coutiugencies I,'i50 

9,U00 
Dredging  at  Upper  Rocky  Point,  15,000  cubic  yards  sand,  at  32  cents..     |4,  fiOO 
DredgiDg  at  Lower  Rocky  Point,  10,000  cubic  yards  sand,  at  32  cents . .      3, 200 

Contingencies 1,000 

9, 000 

Total 18,000 

Yery  respectfully,  your  obedient  servant, 

J.  D.  Kurtz, 
Lieut  Col.  of  Ungineers, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


I 


APPENDIX  F. 


ANNUAL  REPORT  OP  MAJOR  WM.  P.  CRAIGHILL,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JU^'E 
30, 1876. 

United  States  Engineer  Office, 

Baltimore^  Md,j  July  12,  1876. 

General:  I  have  the  honor  to  forward  herewith  the  annual  report 
for  the  year  ending  June  30,  1876,  for  works  of  improvement  of  rivers 
and  harbors,  and  of  examinations  and  surveys  in  connection  therewith, 
which  have  been  in  my  charge. 

Very  respectfully,  your  obedient  servant, 

Wm.  p.  Craighill, 
Major  of  UngineerSy  Brevet  Lieut.  CoLj  U.  8.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  8,  A. 


F  I. 

improvement  of  the  SUSQUEHANNA  RIVER,  NEAR  HAVRE  DE  GRACE, 

MARYLAND. 

No  appropriation  was  made  for  this  work  during  the  fiscal  year  end- 
ing June  30,  1876,  and  no  work  of  any  kind  has  been  done.  No  exam- 
iuatiou  of  it  could  be  made,  and  its  condition  is,  therefore,  not  knownw 


F    2. 

IMPROVEMENT  OF  NORTHEAST  RIVER,  MARYLAND. 

No  funds  have  been  available  for  this  locality  during  the  fiscal  year. 
No  examination  of  it  could  be  made,  and  its  present  condition  i^',  there- 
fore, not  known. 
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F  3. 

IMPROVEMENT  OF  ELK  RIVER,  BELOW  ELKTON,  MARYLAND. 

The  original  improvement  proposed  was  to  dredge  a  channel  75  feet 
wide  and  6  feet  deep  at  mean  low-water,  with  proper  side  slopes,  and 
also  to  construct  over  4,000  linear  feet  of  diking,  from  the  confluence 
with  Little  Elk  to  the  bridge  at  Elkton.  A  similar  improvement  was 
l)roposed  for  the  Little  Elk.  !N^othiug  has  been  done  on  the  latter.  A 
description  of  what  was  done  on  the  former  previous  to  June  30,  1875, 
may  be  found  in  the  last  annual  report.  At  that  date  arrangements  had 
not  been  made  for  the  expenditure  of  the  appropriation  of  March  3, 
1875,  $5,000. 

After  due  advertisement  for  proposals,  but  one  bid  was  received  May 
19,  the  day  appointed  for  the  opening.  This  was  reject^ed,  as  being  at 
a  too  high  price.  Efforts  were  continued  to  secure  a  proper  person  for 
the  work  at  a  suitable  price  until  late  in  August,  1875,  when  Mr.  A.  A. 
Dodge,  the  bidder  of  May  19,  offered  to  do  what  was  required  at  about 
two-thirds  of  his  first  price.  The  reduction  was  from  34  to  25  cents  per 
cubic  yard  for  dredging,  material  measured  in  place.  The  material  ex- 
cavated was  deposited  in  certain  deep  places  in  the  river  below,  where 
the  water  was  at  least  24  feet  deep  at  low- water,  the  arrangement  bein{^ 
that  no  filling  should  be  made  to  leave  a  depth  of  less  than  18  feet  at 
low-water. 

The  work  proposed  was  to  excavate  a  channel  40  feetwide  at  bottom, 
with  proper  slopes,  with  a  depth  of  6  feet  at  mean  low-water,  to  extend 
from  the  iron  bridge  at  Elkton  to  a  point  about  a  half  mile  below,  and 
to  make  a  basin  near  the  wharves  of  the  town  for  turning  steamboats. 
The  plan  of  dredging  from  one  portion  of  the  river  and  dumping  the 
matter  in  another  deeper  portion  was  known  to  be  a  vicious  one,  but  no 
other  was  practicable  with  the  limited  amount  of  money  available,  and 
the  engineei:  was  relieved  of  the  responsibility,  as  it  had  been  more  than 
once  officially  reported  that  the  improvement  should  not  be  undertaken 
with  less  than  $20,000  available. 

The  work  was  begun  September  30, 1875,  and  completed,  as  reported, 
February  12,  1876.  The  total  number  of  cubic  yards  excavated  in  that 
interval  was  15,565.  A  resurvey  was  made  at  once,  and  a  map  of  the 
locality  )}as  since  been  prepared. 

The  immediate  supervision  of  this  improvement  was  committed  to 
Mr.  Henry  Bacon,  until  he  was  transferred  to  the  Cape  Fear  River, 
in  North  Carolina,  in  January,  1876,  when  Oapt.  0.  B.  Phillips,  Corps  of 
Engineers,  relieved  him  at  the  Elk  liiver  and  other  works  in  Maryland. 

The  original  estimate  for  this  improvement,  excluding  Little  Elk,  was 
$30,000,  and  including  it,  $36,000.  The  appropriatibhs  have  been  :  June 
23,  1874,  85,000 ;  March  3, 1875,  $5,000 ;  total,  $10,000.  If  it  be  decided 
by  Congress  to  complete  the  improvement  as  originally  proposed,  the 
remainder  of  the  estimate  should  be  appropriated  in  one  sum,  if  true 
economy  be  followed,  as  the  expense  of  any  work  is  greatly  increased 
by  carrying  it  through  several  years,  with  intervals  of  suspension  for 
want  of  funds. 

Money  statement. 

Amonnt  available  July  1, 1875 $4,680  55 

AiiiouDt  expeuded  during  fiscal  year  ending  June  30,  1876 4,680  55 

Amount  (estimated)  rcquireil  for  completion  of  existing  project 20, 000  00 

Amount  that  can  be  prolitably  expended  in  fiscal  year  ending  June  30, 1878.  20, 000  00 
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F4. 

IMPROVEMENT  OF  WORTON  HARBOR,  MARYLAND. 

No  funds  have  been  available  for  this  locality  during  the  fiscal  year. 
Ko  examination  of  it  could  be  made,  and  its  present  condition  is,  there- 
fore, not  known. 


F5. 

IMPROVEMENT  OF  QUEENSTOWN  HARBOR,  MARYLAND. 

No  funds  have  been  available  for  this  locality  during  the  fiscal  year. 
No  examination  of  it  could  be  made^  and  its  present  condition  is,  there- 
fore, not  known. 


F  6. 

IMPROVEMENT  OF  CHESTER  RIVER,  AT  KENT  ISLAND  NARROWS,  MARY- 
LAND. 

The  object  of  this  improvement  has  been  fully  set  forth  in  previous 
annual  reports.  Briefly,  it  consists  in  cutting  a  passage  through  tbe 
causeway  across  the  Narrows,  and  dredging  a  channel  100  feet  wide  and 
7  feet  in  depth  at  ordinary  low-water,  to  the  causeway,  from  Chester 
Biver  on  the  one  side  and  Easton  Bay  on  the  other.  Although  the 
first  appropriation  for  this  work  ($15,000)  was  made  in  March,  1873, 
and  a  further  appropriation  ($5,000)  was  made  in  June,  1874,  work  was 
delayed  until  the  spring  of  1875,  while  waiting  for  certain  legislative 
enactments  on  the  part  of  the  State  of  Maryland,  without  which  it  was 
deemed  best  (by  the  Secretary  of  War)  for  the  General  Government  not 
to  proceed  with  the  work. 

These  obstacles  having  been  finally  removed,  proposals  for  dredging 
were  invited,  and  a  contract  was  awarded  to  Mr.  W.  H.  Beard,  at  16J 
cents  per  cubic  yard.  The  contractor  commenced  work  under  his  con- 
tract during  the  latter  part  of  May,  1875,  and  at  the  beginning  of  the 
present  fiscal  year  had  removed  only  10,000  yards  of  material. 

Work  was  continued  on  the  Easton  Bay  side  of  the  causeway  until 
September  2,  when  that  portion  of  the  work  was  completed  ;  the 
channel  having,  however,  been  reduced  to  80  feet  in  width,  instead  of 
giving  it  the  full  width  of  100  feet  as  at  first  proposed. 

From  September  until  the  following  17th  of  December,  dredging  was 
continued  on  the  Chester  Eiver  side. 

On  the  latter  date  work  was  suspended  on  account  of  ice,  and 
remained  suspended  until  the  18th  ot  February,  1870,  when  dredging 
was  resumed,  and  has  been  continued  through  the  balance  of  the  fiscal 
year. 

On  the  Chester  River  side  the  channel  has  been  completed  to  80  feet 
lu  width  over  the  entire  distance,  and  the  dredges  are  engaged  upon  an 
additional  cut  which  will  give  the  full  proposed  width  of  100  feet. 

The  counties  of  Queen  Anne  and  Talbot,  Maryland,  having  complied 
with  the  requirements  of  the  legislature  of  Maryland  in  erecting  a  draw- 
bridge at  the  causeway,  the  contractor,  on  the  i5th  of  May,  commenced 
cutting  a  passage  through  the  causeway  on  the  western  side  of  the  draw- 
pier.  The  passage  was  completed  on  the  24th  of  May,  is  60  feet  in 
width,  and  fully  7^  feet  in  depth  at  ordinary  low- water. 


N 
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AmouDt  of  material  removed  by  contractor  daring  fiscal  year  about 
88,000  yards.  The  water-way  of  the  causeway  is  not  sufficient  and 
should  be  made  wider. 

The  time  for  completion  of  contract  was  dated  December  31,  1875. 
An  extension  of  6  months,  or  until  June  30,  1876,  was  granted  the  con- 
tractor. A  further  extension  of  60  days  was  afterward  granted.  It  is 
not  probable,  however,  that  over  15  days  will  be  required  to  exhaust 
the  appropriation. 

The  oiigiual  estimate  for  the  improvement  was  $23,000,  of  which 
120,000  were  appropriated  up  to  June  30, 1876.  Three  thousand  dollars 
would  complete  the  estimate;  but  owing  to  the  long  but  unavoidable 
delay  and  protraction  of  the  operations  which  have  occurred,  and  the 
attending  increase  of  expense,  the  sum  of  $5,000  will  not  more  than 
complete  the  work  estimated  for.  To  keep  this  channel  open  when  com- 
pleted, occasional  repairs  will  be  required.  Their  cost  will  probably 
average  $3,000  per  annum. 

Since  January,  1876,  the  immediate  supervision  of  this  work  has  been 
committed  to  (Japt.  O.  B.  Phillips,  Corps  of  Engineers,  who  then  suc- 
ceeded Mr.  n.  Bacon,  assistant  engineer. 

Money  statement. 

Amonnt  available  Jnly  1, 1875 $18,704  98 

Amount  expended  daring  tincal  year  endinfr  Jnne  30,  1 876 13, 3^^  83 

Amonnt  available  Jnly  1,  1876,  including  |l,2H2.73  due  on  contracts 5, 374  15 

Amount  appropriated  by  act  approved  Angust  14,  1876 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 5, 000  00 

Amount   that  can  be  profitably  expended  in  fiscal  yeai*  ending  June  30, 

1878,  (see  explanation  above) 3,000  00 


F7. 

IMPROVEMENT  OP  THE  ENTRANCE  TO  THE  HARBOR  OF  BALTIMORE, 

MARYLAND. 

During  the  year  operations  in  continuance  of  the  Improvement  have 
been  confined  altogether  to  the  Brewerton  ChanneL  On  the  SOth  of 
June,  1875,  Morris  &  Cumings,  as  contractors,  were  engaged  in  adding 
about  40  feet  to  the  width  of  that  channel  on  the  north  side,  making  it 
about  300  feet  wide.  The  work  was  continued  until  December  21, 1875, 
and  then  suspended  on  account  of  the  severity  of  the  weather.  This 
opportunity  was  taken  advantage  of  to  make  some  small  but  needed 
repairs  to  the  hull  and  machinery  of  the  t  ug  Leslie,  belonging  to  the 
United  States. 

Work  on  the  Brewerton  Channel  was  resumed  about  the  middle  of 
March,  1876,  and  continued  until  the  exhaustion  of  the  appropriation 
early  in  June,  1876.  Besides  the  widening  of  the  channel,  already  men- 
tioned, the  turning-place  was  enlarged  at  the  junction  of  the  Brewerton 
and  Fort  McQenry  Channels,  near  Fort  Carroll.  A  cut  was  also  made 
in  the  Brewerton  Channel,  at  a  distance  of  45  feet  from  the  north  side, 
commencing  at  a  point  about  300  yards  above  it^  lower  end,  and  was 
carried  a  distance  of  2^  miles,  or  to  a  point  nearly  opposite  the  North. 
Point  buoy.  This  cut  was  madQ  to  a  depth  of  25  feet  at  ordinary  low 
water.  Not  less  than  23  feet  depth  of  water,  however,  was  found  at 
any  point  over  this  distance.  It  is  to  be  noted  that  more  or  less 
dredging  may  be  expected  to  be  annually  required  over  this  portion  of 
the  channel,  which,  from  necessity,  projects  into  and  across  the  current 
of  the  Susquehanna  Biver.    The  total  amount  of  material  dredged  dur- 
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ingr  the  fiscal  year  has  been  436,181  cubic  yards.-  The  coutract-priee, 
12^  ceuts  per  cubic  yard,  including  the  expense  also  of  re-depos^it,  is  the 
lowest  at  which  such  work  has  been  done  on  any  improvement  in  my 
charge. 

The  object  of  this  work  has  been  to  make  such  a  channel  as  will 
enable  vessels  drawing  22J  or  23  feet  to  come  to  the  city  of  Baltimore 
at  any  ordinary  stage  of  the  tide. 

The  object  has  been  attained,  but  the  width  is  the  minimum.  Any 
increase  of  width  would  be  an  improvement.  As  stated  above,  some 
shoaling  may  be  always  expected,  but  the  small  vertical  movement  of 
the  tide,  averaging  onl^-  about  18  inches,  the  breadth  of  the  expanse  of 
the  sheets  of  water  through  which  the  channel  has  been  excavated,  the 
great  freedom  t):om  the  influence  of  freshets,  and  the  consequent  feeble- 
ness of  the  currents,  as  well  as  the  small  amount  of  sedimentary  matter, 
are  circumstances  favorable  to  the  stability  and  permanence  of  the 
excavated  channel.  Its  use  by  heavy  ships  will  assist  in  keeping  it 
open. 

All  routes  of  communication,  such  as  railways,  canals,  ordinary  roads, 
pavements,  &c,  require  repairs.  This  channel  is  nothing  but  a  canal  in 
the  bottom  of  a  river,  which  will  need  annual  repairs.  The  long  steam- 
ers which  use  the  channel,  their  length  often  greater  than  its  width, 
sometimes  slice  off  large  masses  from  its  sides  with  their  sharp  prows, 
and  these  are  thrown  down  into  the  channel,  diminishing  its  depth.  It 
is  estimated  that  a  sum  not  less  than  $50,000  should  be  provided  an- 
nually for  dredging  in  this  channel.  It  might  be  supposed  by  some 
that  use  should  be  made  of  dikes  or  jetties  in  connection  with  the 
dredging,  but  structures  of  this  kind  would  be  such  a  hiuderauce  to  the 
navigation  of  the  lower  Patapsco  and  Susquehanna  by  the  numerous 
vessels  of  light  draught  as  to  be  intolerable. 

Since  (in  the  last  year  or  two)  the  channel  has  been  better  known  at 
home  and  abroad,  there  has  been  a  notable  increase  in  the  number  of 
large  vessels  of  heavy  draught  coming  to  this  port,  and  to  the  same 
cause  is  due  another  remarkable  feature  of  commercial  development,  the 
erection,  by  the  great  railroads  terminating  here,  of  vast  wharves, 
store-houses,  grain-elevators,  &c. 

An  interesting  statement  is  appended,  prepared  by  Mr.  George  U. 
Porter,  secretary  board  of  trade,  giving  information  regarding  increase 
of  tonnage,  &c.,  since  the  opening  of  the  new  channel.  This  increase 
is  the  more  remarkable  in  view  of  the  great  depression  and  stagnation 
which  have  prevailed  in  business  generally. 

The  channel  may  be  maintained  in  its  present  condition  for  the  sum 
of  $50,000  per  annum,  and  that  sum  is  the  minimum  deemed  absolutely 
necessary,  but,  in  view  of  the  great  importance  of  giving  increased  width 
to  the  channel,  an  appropriation  of  $210,000  is  strongly  recommended. 

The  work  has  been  during  almost  the  whole  of  the  year,  as  for  sev- 
eral previous  years,  under  the  immediate  and  efficient  supervision  of 
Mr.  N.  H.  Button,  who  has  lately  been  appointed  engineer  to  the  har- 
bor commission  of  the  city  of  Baltimore. 

Money  statement. 

Amount  available  Jaly  1,1875 , $69,485  87 

Amoant  expended  during  fiscal  year  ending  June  30, 1876 68,691  19 

Amount  available  July  1, 1876 794  68 

Aiuonnt  appropriated  by  act  approved  August  14, 1876 75, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project,  (see  re- 
port of  last  year) 160,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  135, 000  00 
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COMMERCIAL  STATISTICS. 

The  wisdom  of  improvinjjr  the  ship-channel  of  the  Patapsco  River  and  Chesapeake 
Bay  is  every  day  being  demonstrated.  Before  this  improvement  was  begun  there  was 
but  a  narrow  zigzag  channel  leading  to  and  from  the  port  of  Baltimore  ot  17  feet  depth 
of  water ;  now  the  channel  is  straight  and  wide,  with  but  two  bends  where  the 
Brewerton  connects  with  the  CraighiU  and  McHenry  Channels,  and  24  feet  of  water. 
We  have  compiled,  from  the  official  reports  of  the  Board  of  Pilots,  the  number  of  ves- 
sels piloted  in  and  out  of  the  port  since  the  year  1872,  showing  -the  number  drawing 
over  18  feet,  and  those  less  than  18  feet,  by  which  it  will  be  seen  there  is  a  Very  marked 
increase  of  heavy-draught  vessels  entering  and  leaving  our  port  since  the  deepening 
of  the  channel.  Another  feature  of  this  exhibit  is,  the  lightness  shown  of  vessels 
entering  the  harbor  compared  with  those  departing ;  this  is  occasioned  by  the  larger 
class  of  vessels  either  coming  in  ballast  or  but  partially  loaded,  whereas  when  they 
leave  hence  they  are  full  to  their  capacity. 

Vessels  piloted  to  ike  port  of  Baltimore  from  January,  1872,  to  May,  1876,  induslvey  showing 
the  number  for  each  months  with  the  draught  of  water  of  same. 


Months. 


1872. 

Janaary 

February 

March 

April 

May 

Jiiue 

July 

Auf^aat 

September 

October 

November 

December 

Total 

16731 

January  

Febroary 

March 

April 

May 
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July 

Anicost 

September 

October 

November 

December 

Total 

1674. 

January 

February  
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3 
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60 
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57 

96 

8 

88 

86 

1 

87 
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6 

96 

55 

1 

54 

53 

3 

50 

67 

8 

65 

61 

5 

56 

62 

4 

58 

57 

1 

56 
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39 

764  j 

51 

3 

1 
48 

t8 

8 

46 

90 

5 

85  ' 

98 

7 

91 
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1 
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86 

4 

83 

76 

3 

74 

82 

3 

80 

78 

3 

75 

86 
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83 
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59 

63 
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59 
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») 
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68 

3 

65 

78 

3 

75 

138 

3 

125 

107 

1 

5 

103  j 

Months. 


1674. 

May 

June 

July 

Anp:u8t 

September 

October 

November 

December 

Total 

1875. 

January  

February 

March 

Anril 

May 

June 

July 

August 

September 

October 

November 

Decembw 

Total 

1876. 

January  

February 

March 

April 
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Total 


8 


S 

p 
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74 
83 
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58 
65 
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55 
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55 
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117 
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543 
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3 
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54 
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65 

as 
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53 
61 
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130 

86 
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97 
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Vesseh  piloted  from  the  port  of  Baltimore  to  sea  from  January  j  1872,  to  May,  1876,  inclusive. 


Months, 


1872. 

January 

February 

March 

April 

May 

Jane 

July 

August 

September 

October 

November 

December 

Total 

1873. 

January  

February 

March 

April 

May 

June 

Jul^ 

AnguAt 

September 

October 

November 

December 

Total 

1874. 
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56 
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10 
13 
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6 
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13 
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11 
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58 

68 

11 

57 
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13 

64 
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13 

94 
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17 

88 

91 

14 

77 

73 

11 

63 

76 

9 

67 

81 

S 

73 

78 

11 

61 

81 

13 

68 

71 

8 

63 

143 
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B 
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13 
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68 
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45 
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833 
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49 
76 


Months. 


1874. 

April 

May 

June '. 

July 

August , 

September , 

October 

November 

December 

Total 

1875. 

January 

February 

March , 

April 

May 

June 

July 

August , 

September , 

October 

November , 

December 

Total 

1876. 

Jannary , 

February 
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April 
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Total,  (Ave  months) 
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RECAPITULATION. 
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798 
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1876,  (fire  months) 

394 

In  the  foregoing  figures  we  aim  to  show  the  increase  of  heayy-draught  vessels  entering 
our  port  since  the  depth  of  24  feet  has  been  attained  in  our  river- channel.  Annexed 
we  give  table  showing  the  tonnage  arrived  since  1872,  each  sacceeding  year  presenting 
an  increase.  Contrasting  the  first  five  months  of  1876  with  the  same  months  of  1875, 
we  find  an  increase  in  foreign  tonnage  of  116|006  tons,  bat  in  American  a  decrease  of 
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33,296 ;  which  latter  represents  the  loss  of  sagar  and  molasses  trade  since  the  snspen- 
siou  of  onr  refining  interest.  The  aggregate  of  foreign  and  American  tonnage,  how- 
ever, for  the  first  few  months  of  the  present  year,  compared  with  the  same  period  1875, 
gives  a  total  of  increase  amounting  to  83,711  tons,  and  a  mach  larger  percentage  than 
has  characterized  either  of  the  preceding  years. 


TONNAGE  AT  THE  PORT  OF  BALTIMORE. 

The  following  shows  the  arrival  of  foreign  and  American  tonnage  from  1872  to  May, 
1876 : 


Year. 


1872 

1873 

1874 

1875 

lt<76.  (five  months) 


Foreign. 


Tons. 
255.251 
3:^3. 652 
402.811 
419.  741 
312, 981 


American. 


Tont. 

99,394 
118, 935 
135. 893 
129,  795 

40,637 


TotaL 


Tom. 
354.645 
452, 587 
5:i8,704 
549,  536 
353,618 


EXPORTS  OF  PETROLEUM. 

The  foreign  exports  of  petroleum  from  the  United  States  thns  far  for  year  1876  pre- 
sent  an  aggregate  of  90,385,299  gallons,  against  86,846,697  gallons  for  same  period 
1875.  New  York  shows  a  decrease  this  year  of  12,411,617  gallons.  Philadelphia,  which 
lost  heavily  in  1875,  has  this  year  been  recovering  her  exports,  showing  an  increase  of 
9,302,210  gallons.  Baltimore  has  been  steadily  gaining  in  this  trade  for  past  two 
years;  her  increase  over  1876  amoauts  to  5,000,000  galmns,  and  compared  with  1874 
her  incre}i8e  shows,  in  round  figures,  over  fourteen  millions  of  gallons. 

We  give  the  figures  from  the  respective  ports,  viz: 


From — 

1876. 

% 

1875. 

New  York 

<hUlon$. 

45, 941. 340 

1.030.525 

25,619,842 

17,231.  UW 

562.403 

Oallong. 
57, 130, 399 
1,135.386 
16, 317,  632 
12,263,280 

Boston - 

Philadelphia 

Baltimore. 

Richmond ....^- --    -- - -  -- 

Total 

90,385,299 

86, 846, 697 

Shipments  of  petroleum  from  Baltimore  prove  to  be  still  more  active;  16  sailing- 
vessels  are  at  present  under  engagement  to  load,  their  united  capacity  being  78,000 
barrels. 


F  8. 

IMPROVEMENT  OP  CAMBRIDGE  HARBOR,  MARYLAND. 

No  funds  have  been  available  for  this  locality  during  the  fiscal  year. 
No  fxaminatiou  of  it  could  be  made,  and  its  present  condition  is,  there- 
fore, not  known* 


F  g. 

IMPROVEMENT  OF  THE  WICOMICO  RIVER,  NEAR  SALISBURY,  MARYLAND. 

On  the  30th  of  June,  1875,  Mr.  Parsons,  the  contractor,  was  engaged 
in  dredging,  his  plan  of  procedure  being  to  dump  the  material  from  the 
bucket  of  the  dredge  in  the  upper  end  of  a  long  chute,  floated  on  one 
or  more  scows,  and  to  flood  the  material  with  water  from  a  steam-pump, 
thus  washing  it  through  the  chute  over  the  dike,  or  on  the  flats  below 
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the  dike.    His  chnte  was  in  loDgitndinal  sectioDs,  in  order  that  its  length 
might  be  varied  according  to  the  distance  of  the  dike  from  the  dredge. 

The  original  plan  of  improvement  was  to  dredge  a  channel  75  feet 
wide  and  7  feet  deep  at  mean  low  water,  and  deposit  the  material  behind 
longitudinal  dikes.  The  work  dragged  through  a  portion  of  1872, 1873, 
1874,  and  a  part  of  1875,  owing  to  insufficient  means  and  other  causes 
of  delay.  An  interesting  history  of  its  progress,  up  to  June  30, 1875, 
may  be  fonnd  in  the  last  annual  report. 

The  diking,  which  had  also  been  in  progress  for  more  than  a  month 
before,  was  completed  July  16, 1875,  consisting  of  closing  up  the  gap  in 
the  left  dike  from  its  upper  end  to  the  wharf,  an  extension  of  the  lower 
end  about  400  feet,  and  repairs  of  the  dike  already  existing.  The  length 
of  the  new  diking  built  was  1,636  feet,  the  adjacent  landowners  furnish- 
ing the  materials  for  about  900  feet  of  the  distance,  the  United  States 
doing  all  the  work  and  furnishing  the  material  for  the  remainder.  The 
dredging  and  chnting  were  continued  until  the  7th  of  January,  1876, 
when  the  appropriation  was  exhausted. 

It  had  been  expected  to  use  the  available  funds  in  making  a  channel 
50  feet  wide  at  bottom  and  5  feet  deep  at  mean  low- water  and  preparing 
a  basin  near  the  wharves  for  steamboats  to  turn  in.  This  channel,  ex- 
tending about  7,000  feet  from  the  bridge  at  Salisbury  to  deep  water 
below,  would  enable  vessels  drawing  7^  or  8  feet  to  reach  the  town  at 
ordinary  high-water;  whereas,  previously,  all  vessels  drawing  more 
than  about  4  feet  were  obliged  to.receive  and  discharge  their  cargoes 
belo^,  by  the  use  of  lighters,  at  a  large  expense,  often  amounting  to  a 
prohibition  of  water  carriage.  The  expense  of  lightering  freight,  then 
transported  by  the  river,  was  estimated  June  1, 1875,  to  be  $7,000  per 
annum. 

The  channel  was  completed  as  stated,  except  for  a  short  portion, 
which  could  be  made  only  38  feet  in  width,  owing  to  the  lack  of  funds. 
The  total  amount  of  material  removed  by  Mr.  Parsons  was  44,487  cabio 
yards. 

During  the  month  of  February,  1876,  an  examination  of  the  chan- 
nel was  made,  with  a  view  to  the  preparation  of  a  map  exhibiting  its 
condition  at  the  close  of  operations.    This  map  has  been  completed. 

It  was  originally  expected,  as  has  been  stated,  to  make  a  channel  by 
dredging  75  feet  wide  and  7  feet  deep  at  mean  low-water,  at  a  cost  of 
$17,000,  it  being  understood  that  the  necessary  dikes  would  be  built  by 
the  citizens,  at  their  own  expense.  The  causes  of  the  increased  expense 
of  the  work  were  fully  stated  in  the  last  annual  report  It  is  believed 
that  one  of  these,  the  inflow  of  sawdust  from  the  mills,  is  now  cut  off 
almost  entirely,  unless  in  high  freshets,  when  a  portion  may  be  still 
vrashed  from  the  banks.  The  appropriations  have  been  June  10, 1872, 
March  3,  1873,  June  23,  1874,  and  March  3,  1875 ;  total,  $20,000. 
Should  the  original  plan  be  carried  out,  an  appropriation  of  120,000  will 
still  be  required. 

This  work  was  supervised  by  Mr.  Henry  Bacon  until  the  early  part  of 
January,  1876,  and  thereafter  by  Gaptain  G.  B.  Phillips,  Gorps  of  Engi- 
Dcers. 

Money  statetnent 

Amonni  available  Jaly  1, 1875 ^.... |11^669'22 

Amonnt  expended  dariDg  fiscal  year  ending  Jane  30, 1876 11^598"  18 

Amonnt  available  Jaly  1, 1876 71  04 

Amount  appropriated  by  act  approved  Angnat  14, 1876 5^000  00 

Amoont  (estimated)  reqaired  for  completion  of  existing  project,  (see  last 

annual  report) Sd'^.OOO  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  15,.000  00 

19  £ 
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F  lO. 

IMPROVEMENT  OF  HARBOR  OF  CRISFIELD,  MARYLAND. 

The  object  of  this  improvement  was  to  dredge  a  channel  of  12  feet 
depth  at  mean  low- water  across  the  bar  near  Somers's  Cove  light  to  the 
railroad-wharf,  and  to  make  a  basin  for  vessels  at  and  near  that  wharf. 
The  appropriation  was  $37,317.50.  The  work  was  awarded  to  Mr.  G.  H. 
Ferris,  the  lowest  bidder.  At  the  date  of  the  last  annual  report  he  was 
engaged  in  the  execntion  of  his  contract,  which  was  carried  steadily  and 
faithfully  on  until  the  completion  of  the  work  at  the  close  of  May,  1876. 

The  contract-price  being  less  than  that  of  the  estimate,  and  experi- 
ence showing  that  unnecessary  width  had  been  originally  assigned  for 
the  channel  leading  to  the  wharves,  greater  dimensions  were  given  to 
the  harbor  or  basin  at  the  town. 

This  is  a  notable  instance,  so  rare  as  to  be  worthy  of  special  attention, 
in  which  Congress  appropriated  in  one  sum  the  whole  amount  of  the 
estimate.  The  work  has  been  successfully  accomplished  within  a  rea- 
sonable time,  and  is  satisfactory  to  all  concerned.  It  is  to  be  regretted, 
in  the  interest  of  true  economy,  that  the  same  procedure  could  not  be 
followed  in  many  other  similar  cases. 

The  result  of  the  work  at  this  place  has  been  the  excavation  of  a  chan- 
nel, 266  feet  in  width  and  12  feet  in  depth  at  ordinary  low-water,  from 
above  the  railroad- wharf  to  a  point  known  as  the  second  angle,  (oppo- 
site Somers's  CoVe  light,)  and  from  this  point  to  the  deep  water  below  a 
channel  of  the  same  depth  425  feet  in  width. 

In  addition  to  this,  a  basin  has  been  excavated  on  both  the  north  and 
south  sides  of  the  railroad- wharf,  12  feet  in  depth  at  low- water.  On  the 
south  side  this  basin  has  been  excavated  to  within  8  feet  of  the  oyster- 
houses  to  the  south  and  east,  or  over  all  the  area  available.  On  the 
north  side  the  basin  has  been  excavated  to  a  width  of  100  feet  from  the 
railroad-wharf,  and,  in  addition,  two  cuts,  aggregating  56  feet  in  width, 
have  been  made  in  front  of  the  oyster-houses,  on  this  side  of  the  basin. 
The  latter  two  cuts,  however,  were  excavated  only  to  a  depth  of  9  feet 
at  low- water.  Proper  approaches  have  been  excavated  from  each  por- 
tion of  the  basin  to  the  main  channel.  The  total  amount  of  material 
removed  during  the  entire  operations  has  been  238,389  cubic  yards. 

Mr.  Henry  Bacon  was  the  immediate  supervisor  of  this. work  until  his 
relief  in  January,  1876,  by  Capt.  C.  B.  Phillips,  Corps  of  iSngineers.  A. 
resurvey  was  made  immediately  upon  the  completion  of  the  work,  and 
a  map  prepared  showing  its  condition  at  the  close  of  operations.  It  is  to 
be  remembered,  however,  that  reparations  will  in  time  be  necessary  for 
this  dredged  channel  and  harbor,  just  as  they  are  occasionally  to  all 
highways,  canals,  ordinary  roads,  &c. 

Money  statement 

Amount  available  Jnly  1,  1875 $35,575  63 

AxDoant  expended  during  fiscal  year  ending  June  30, 1876 35,555  84 

Amount  available  July  1,1876 19  78 


F  II. 

IMPROVEMENT  OF  THE  JAMES  RIVER,  VIRGINIA. 

Mr.  H.  D.  Whitcomb  has  continued  the  resident  assistant  engineer 
for  the  United  States  at  Bichmohd^  while  at  the  same  time  engineer  for 
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the  city  in  the  joint  operations  for  this  improvement.  He  has  given 
much  stady  to  the  regimen  of  the  river,  the  results  of  which  appear  in 
the  interesting  and  instructive  report  submitted  by  him  and  appended 
hereto.  Eeference  to  it  is  requested  for  information  as  to  details  of 
work  done  and  still  required. 

On  the  James  Eiver,  as  in  many  other  instances,  the  appropriations 
have  been  generally  inadequate  to  the  execution  in  proper  order  of  the 
several  parts  of  a  well-considered  project  of  improvement.  The  suc- 
cessive operations  have  been  necessarily  to  a  great  extent  intermittent 
and  incomplete,  and  therefore  unsatisfactory  and  expensive.  Sometimes, 
under  the  pressure  for  immediate  relief  to  commerce,  a  quick  method 
has  been  resorted  to,  like  dredging,  when  a  slower  process  would  have 
produced  more  lasting  effects.  Notwithstanding  such  difficulties,  there 
has  been  in  the  past  few  years  a  marked  drnprovemeut  in  the  condition 
of  the  James  River,  ai)d  a  point  is  now  reached  when  the  outlook  is 
very  favorable  for  the  attainment  of  a  still  more  important  and  perma- 
nent gain  in  width  and  depth  of  navigable  channel  at  a  moderate  ex- 
pense. It  may  be  fairly  said  that  the  worst  obstacles  existing  to  the 
navigation  5  years  ago  have  been  either  entirely  removed,  or  are  in  a 
fair  way  to  be  at  no  distant  day,  if  funds,  are  provided,  as  asked  for. 

With  the  additional  information  gained  as  to  the  condition  of  the 
river  by  further  surveys,  a  better  knowledge  of  the  wants  of  the  com- 
merce now  on  it,  or  to  be  reasonably  expected,  as  well  as  of  the  prices 
at  which  work  of  various  kinds  may  be  done,  the  estimate  submitted 
with  the  annual  report  of  1874  has  been  revised  by  Mr.  Whitcomb  at 
my  request.  It  is  for  a  channel  15  feet  deep  at  mean  low-water  and  180 
feet  wide  as  far  down  as  Harrison's  Bar,  and  for  a  partial  improvement 
there.    Additional  surveys  are  required  at  that  point  and  at  others. 

The  eetimate  of  1874  was |408,926  00 

The  appropriations  since  have  beeu :  June  23, 1674,  $50,000 ;  March  3, 1875, 
150,000;  total 100,000  00 

Leaying^  balance  to  be  provided 308,925  00 

The  present  estimate  of  Mr.  Whitcomb  Is 2^3,808  00 

Money  statement, 

Amonnt  available  July  1, 1875 $47,555  09 

Anionnt  expended  during  fiscal  year  ending  June  30, 1876 47, 450  50 

Amount  available  July  1,1876 104  59 

Amount  appropriated  by  act  approved  Angust  14, 1876 60, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 293, 808  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  140, 000  00 


REPORT  OF  MR.  H.  D.  WHrFCOMB,  ASSISTANT  ENGINEER. 

Richmond,  July  1, 1876. 

Colonel  :  I  have  the  honor  to  submit  the  following  report  on  the  improvement  of 
James  River  for  the  year  ending  June  30, 1876. 

The  work  was  confined  to  the  schedule  mentioned  in  the  last  report,  with  one  excep- 
tion, and  was  executed  as  follows : 

At  the  letting,  June  4, 1875,  bids  were  received  for  excavating  a  channel  through 
Gillie's  Creek  Shoal,  for  completing  the  dike  at  the  head  of  Drury's  Island,  and  for 
widening  the  Dutch  Gap  Canal.  Only  1  bid  was  received  for  the  work  at  Gillie's 
Creek  Shoal,  and  that  not  satisfactory.  The  contracts  for  the  dike,  and  the  excava- 
tion at  the  canal  above  water,  were  let  to  R.  T.  Hieston;  and  for  canal  excavation  be- 
low water,  to  Mr.  M.  Meehan.  The  remainder  of  the  work  was  done  by  a  Government 
force,  using  the  rock-drilling  machinery  belonging  to  the  United  States,  and  the 
dredges,  tngs,  barges,  dumping-machines,  and  pile-driver  belonging  to  the  city  of  Rich- 
luond,  which  were  furnished  to  the  United  States  at  a  rental  hot  exceeding  the  cost  of 
repairs. 
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CHAHKBL  THBOUOH  GHXIB'S  CREBK  BHOAL. 

The  only  bid  received  for  this  work  was  at  the  rate  of  50  cents  per  cnbio  yard  for 
ordinary  excavation,  |1.50  per  cnbie  yard  for  loose  aud  soft  rock,  and  $2.50  per  cnbio 
yard  for  solid  rock,  the  latter  to  be  loosened  by  the  United  States  ;  the  material,  after 
removal,  to  be  measured  in  bnckets  as  called  for  in  the  specifications.  This  was  con- 
sidered nnsatisfactory.  A  channel,  90  feet  wide,  has  been  excavated  to  the  depth  ot 
15  feet  at  low-tide,  fwith  the  exception  of  small  areas  of  rook  near  the  sides,  where 
there  are  14  feet,)  inclnding  the  removal  of  196  cubic  yards  of  sol  id  rock ;  and  cost  the 
Uaited  States  abont  35  cents  measured  as  above,  or  say  50  cents  measured  in  place. 
The  material  was  '*decompoeed-rock"  bowlders,  and  some  solid  rock.  The  channel  is 
but  one-half  the  full  width,  but  is  used  by  the  larger  class  of  vessels,  and  permits  any 
which  can  cross  the  miter-sill  of  the  Richmond  dock  to  proceed  to  sea. 

COMPLETION  OF  THE   DIKE  AT  THE  HISAD  OF   DRURT'S   ISLAND. 

This  work,  l,326i  feet  long,  was  completed  by  Mr.  R.  T.  Hieston,  contractor^  in  Sep- 
tember, 1875,  and  answers  the  purposes  intended. 

CHANNEL  AT  GOODS'S  ROCKS. 

This  work  was  of  a  character  so  uncertain  that  it  could  not  be  let  to  contract  with- 
out risk  to  both  parties.  The  United  States  had  the  proper  machinery  for  the  work  on 
the  spot,  and  it  was  carried  on  by  a  Government  force.  It  proved  to  be  a  more  formid- 
able obstacle  than  was  supposed.  The  few  rocks  which  obstructed  our  otherwise  fair 
channel  of  moderate  depth  were  supposed  to  rest  on  a  spur  from  the  adjoining  quarry. 
The  remainder  of  the  shoal  appeared  to  be  saod.  The  removal  of  these  rocks,  which 
proved  to  be  bowlders,  as  was  supposed,  and  the  snbseanent  scour  of  the  sand  in 
which  they  were  imbedded,  disclosed  the  fact  that  the  bed  of  the  river  for  a  consider- 
able area  was  composed  of  bowlders,  often  of  great  size.  We  failed  to  remove  all  of 
these,  even  to  a  depth  of  10|  feet  at  low-tide,  for  want  of  means,  and  tiiis  channel  baa 
not  been  opened  for  navigation,  although  used  occasionally  by  vessels  of  light  draught. 
Bv  a  recent  survey,  there  is  an  area  of  106,000  square  feet,  on  which  an  average  depth 
of  1.9  feet  must  l>e  excavated  to  give  15  feet  at  low-tide.  The  soundinff-nSl  struck 
rock  38  times  in  every  100.  The  greater  part  of  the  channel,  for  a  width  of  80  feet,  wa» 
cleared  of  rock  and  sand  to  a  deptn  of  from  13  to  13^  feet,  and  a  comparatively  small 
sum  will  open  this  width  to  that  depth  at  low-water.  The  rock  excavated  was  used 
in  making  dikes  and  wing-dams  in  the  vicinity.  The  circuitous  channel  which  avoids 
these  rocks  continues  to  be  used  by  vessels,  and  -has  a  depth  of  10^  feet  at  low-tide. 
The  completion  of  even  the  narrow  channel  mentioned  will  be  a  great  improvement. 

DIKES  AND  WINO-DAMS  AT  RICHMOND  BAR. 

The  dike  on  the  left  bank  of  the  river  was  completed,  and  certain  wing-dams  on  the 
right  bank  constructed,  mostly  out  of  materials  on  hand,  by  a  Qovernment  force,  and 
have  assisted  in  the  reduction  of  this  bar,  as  will  be  shown  further  on  in  this  report. 

DUTCH  OAF  CUT-OFF. 

Mr.  Hieston  excavated  18,674  cubic  yards  above  water,  and  Ifr.  Meehan  17,212  cubic 
yards  below  water,  the  total  cost  to  the  United  States  being  |11,870.25.  The  contracts 
were  closed  in  February,  1876.  The  canal  is  now  180  feet  wide  at  surface,  and  has  a  depth 
of  abont  16  feet  at  low-tide»  It  can  be  used  by  all  classes  of  vessels  coming  to  Rich- 
mond, but  would  be  greatly  improved  b^  a  further  enlargement.  Further  reference  to 
this  work  will  be  found  elsewhere  in  this  report. 

AMOUNT  OF  WORK  DONE. 

The  following  statement  gives  the  cubic  yards  removed  both  by  the  United  States 
and  by  the  city  of  Richmond  for  the  year  ending  June  30, 1876 : 


NewobsDMl,  Gillie's  Oroek  Shosl 

l>epMit  fhmi  freshet  1876  (Msroh)  near  sbip-look 

Ricbniond  sod  Daoyille  Railroad  wharf 

FiTebrick-yard  oat,  enUrsemeDt  of  ohanoel 

SideHobannels  to  Dmrir's  Island  dike 

Chesapeake  and  Ohio  JKailroad  wharyea 

Depont  fix>iD  freiAet  Maroh,  1875,  (July,  1875) ... 

KewcbaoDel  at  Goode'a  Hooka 

Dotoh  Gap  Canal  enlargement 


Total 


By  the  United 
SUtee. 


Earth. 


18,794 


4,148 


1,000 
31,016 


55,556 


Rock. 


106 


949 


1, 145 


By  the  eity. 


Sarth. 


16,986 

3,168 

319 

17,736 


6.616 
4,09:1 


51,930 


Book. 


13» 


I 


35. 
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The  United  States  hare  bailt  dikes  and  wing-dams  as  follows : 

At  npper  end  of  Drnry's  Island,  by  contract l,3S6i 

At  Richmond  Bar,  by  Government  force 683 

At  Randolph's  FlatSj  by  Government  force 788 

Total 2,797i 

For  want  of  fnnds,  no  effort  was  made,  as  bad  been  contemplated,  to  close  the 
plantation-dikes  bordering;  certain  parts  of  the  river,  broken  dnring  the  civil  war. 

The  condition  of  the  river  is  better  than  it  was  a  year  since. 

The  new  channel  throngh  Gillie's  Creek  Shoal  permits  vessels  of  14  feet  draught  to 
leave  the  dock  and  proceed  to  sea.  The  shallow  reach  below  Rockett's  Reef  has  been  deep- 
ened to  some  extent  by  dredging  and  widened  by  scoar.  The  channel  over  Richmond 
Bar  has  been  increased  100  feet  in  width  by  scour  alone,  and  Datch  Gap.Ci^t-off  is  im- 
proved so  that,  except  under  certain  combinations  of  wind  and  tide,  it  can  be  used 
with  safety  by  the  largest  class  of  steamers  coming  to  this  port. 

For  the  first  time,  so  far  as  I  can  learn,  a  freshet  has  produced  an  improvement  on 
Richmond  Bar,  due,  it  is  clear,  to  the  contraction  of  its  width,  as  will  be  shown  pres- 
ently. The  freshet  of  this  spring  left  no  observed  injurious  deposit  in  the  channel, 
except  at  the  entrance  to  the  ship-lock,  due  probably  to  the  pier  on  the  south  side  of 
the  entrance,  which  causes  no  eddy. 

The  improvement  has  reached  a  point  where  the  future  seems  clearer,  and  means  for 
further  improvement  can  be  applied  with  more  decision,  and  temporary  measures  for 
keeping  the  channel  open  will,  I  think,  be  more  rarely  required. 

A  review  of  the  condition  of  the  river  in  1869  and  after  the  great  flood  of  1870,  when 
the  work  of  improvement  was  begun  in  earnest,  may  be  interesting. 

I  will  quote  irom  a  letter  on  this  subject  from  Capt.  Thomas  Cunningham,  sr.,  who 
has  been  connected  with  the  improvement  for  many  years,  and  whose  thorough  knowl- 
edge of  the  river  will  not  be  questioned.    He  says : 

**The  river  was  at  that  time  (April,  1869)  pretty  full  of  obstructions  from  the  ship- 
lock  down  the  river  below  the  Dutch  Gap.  There  was  the  wreck  of  the  West  Point, 
lying  bottom  up ;  there  was  a  lighter  sunk  in  the  channel  just  below  the  brewery- 
wharf.  Richmond  Bar  had  filled  up  to  about  11^  feet  at  high-tide ;  there  were  obstruc- 
tions at  Warwick  Bar,  Drury's  Bluff,  Graveyard  Reach,  Trent's  Reach,  and  at  the  lower 
end  of  Varina  Reach ;  also,  several  old  wrecks  on  the  side  of  the  channel.  In  a  word, 
as  expressed  by  some  captains  of  steamers  trading  to  the  city, '  was  full  of  obstructions 
and  rocks.'  On  the  30th  September  and  Ist  October,  1870,  we  had  a  great  flood,  which 
filled  np  the  river  to  an  alarming  extent.  Trent's  Reach,  20  miles  down  the  river,  was 
filled  up  to  about  10^  feet  at  high  tide ;  Richmond  Bar  to  nearly  the  same ;  Randolph's 
Flats  very  little  better.  Near  the  ship-lock  and  some  distance  below  filled  up  likewise : 
in  a  word,  the  river  had  filled  up  so  much  that  the  larger  New  York  steamships  ceased 
to  run  to  the  city  for  several  months." 

At  this  time  the  Dutch  Gap  Canal  was  not  open  to  any  kind  of  navigation.  A  road 
had  been  made  across  its  upper  end.  This  work  was  proposed,  I  believe,  by  Captain 
Stansbury,  of  the  Engineer  Corps,  as  early  as  1852,  but  nothing  was  done  toward  its 
accomplishment  until  during  the  civil  war,  when  it  was  partially  opened  by  the  United 
States  to  aid  in  military  operations.  Before  it  was  completed,  however,  the  close  of 
the  war  removed  the  necessity  for  it,  and  the  proprietor  of  the  land  through  which  it 
is  made  closed  it,  as  before  stated.  It  remained  in  this  condition  until  the  extraordi- 
nary flood  of  1870,  which  washed  out  the  road,  and  left  the  work  as  represented  in 
Plifte  I,  which  is  copied  from  a  map  made  from  a  snrve^  under  your  direction.  The 
United  States  then  undertook  to  open  the  canal  for  navigation.  It  was  first  enlarged 
to  120  feet  width  and  about  14  feet  depth  at  low-tide,  and  was  opened  to  navigation  in 
1872,  and  for  a  time  was  used  by  all  classes  of  vessels  trading  to  Richmond. 

Subsequently  a  slide  on  the  right  bank  diminished  the  water-way  very  seriously, 
and  the  larger  side- wheel  steamers  abandoned  its  use.  During  the  past  year  the  canal 
has  been  further  enlarged,  and  is  now  about  180  feet  in  width  by  15  feet  in  depth  at  low- 
tide.  Its  present  condition  is  shown  on  Plate  II,  and  the  bend  cut-off  on  Plate  III.  A 
further  enlargement,  both  in  width  and  depth,  is  desirable.  Whenever  the  improvement 
is  so  advanced  as  to  allow  vessels  of  18  feet  draught  to  go  to  Richmond  at  high-tide, 
as  is  contemplated,  it  would  be  desirable  to  have  at  least  that  depth  at  low-tide  at  this 
point,  as  well  as  on  all  the  shoals  below  Warwick  Bar,  so  that  vessels  drawing  18  feet 
would  not  be  compelled  to  stop  at  low-tide  while  on  the  way.  The  current  through 
the  canal  due  to  tides  has  been  reduced  by  the  enlargement,  (i.  6.,  it  appears  so,  but  no 
measurement  has  been  made  of  the  current  since  the  enlargement,)  but  it  is  still 
stronger  than  it  should  be,  either  for  the  regimen  of  the  river  above  and  below,  or  as 
affecting  navigation.    Any  further  enlargement  would  tend  to  correct  thin. 

The  obstructions  mentioned  in  the  letter  of  Captain  Cunningham  (quoted  above) 
were  placed  in  the  river  during  the  civil  war,  and  mainly  by  the  confederate  author- 
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ities.  Tbey  were  generally  made  with  Bunken  vessels  and  cribs,  filled  with  stone. 
These  have  been  removed  at  the  expense  of  the  United  States*  Some  of  the  cribs  near 
the  left  bank  at  Warwick  Bar  have  been  left  in  place,  and  have,  probably,  by  contrac- 
tion caused  the  present  increased  depth  on  that  bar,  or  rather  on  its  crest.  There  are 
now  13  feet  at  low-tide,  and  the  river  has  this  depth  for  some  distance  above.  Portions 
of  the  cribs  which  were  sunk  near  the  channel  also  remain,  and,  although  not  in  the 
way  qf  vessels  of  the  usual  draught,  are  probably  dividing  the  current,  and  should  be 
removed,  or  their  injurious  effect  counteracted  when  the  improvement  of  that  part  of 
the  river  is  in  hand. 

One  of  the  most  serious  obstacles  to  navigation  on  this  river  was  the  granite  reef  at 
Beckett's.  There  were  less  than  12  feet  on  this  reef  at  high-tide  in  1871,  and  this  by  a 
narrow,  crooked  channel.  It  occupied  the  bed  of  the  stream  for  about  500/eet.  The 
channel  has  been  much  improved ;  its  width,  at  14  feet  depth  at  high-tide,' is  not  less 
than  100  feet,  and,  by  a  narrow  channel,  15  feet  may  be  carried.  I  advise  that  a  part 
of  the  appropriation  for  the  current  year  be  used  in  giving  30  feet  more  width,  and  in 
deepening  a  portion  of  the  channel  to  15  feet  at  low-tide.  Plate  IV  shows  cross-sec-  ^ 
tions  of  this  reef  at  the  npper  and  lower  ends,  and  at  a  point  near  the  middle,  where 
it  is,  perhaps,  more  obstructed  than  at  any  other  point.  Plates  V  and  VI  give  plans  of 
the  reef  in  1871  and  1876,  showing  contour-lines  for  every  foot  in  depth.  I  have  been 
informed  by  Mr.  C.  L.  Kalmbach,  who  superintended  the  work  of  enlargement,  that 
the  ledge  in  the  channel  was  broken  up  to  a  depth  of  20  feet,  but  that  portions  of  it 
under  the  15-feet-high-tide  depth  were  not  removed  on  account  of  the  limited  appro- 
priations.   No  work  has  been  done  here  since  July,  1874. 

Two  registering  tide-ganges  were  put  in  operation  in  September,  1875 — one  at  the 
Chesapeake  and  Ohio  Railroad  wharf,  and  the  other  at  Dutch  Gap,  near  the  lower  end 
of  the  canal,  on  the  left  bank  of  the  river,  to  the  right  of  the  canal.  An  almtract  of 
the  observations  for  9  months,  ending  May  31,  is  given  below.  The  tides  affected  by 
fieshets  are  excluded  in  getting  the  average  rise  and  fall,  but  all  others  are  retained, 
including  those  affected  by  high  winds. 

At  Chesapeake  and  Ohio  BaUroad  toh^irves,  1^  milee  helow  the  dock. 
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24  27.9 

5  07 

7  18.4 

3.350 

—0.137 

3.487 

i'"" 

*  rreshet«. 


PLATE  IV 


Sections     at    Hocketts  Reef    1871  and  1876 


Lkft    Bank 

-Above  B  rov^ory  >vtif. 
433  ft 


^flYr  Tim 


^Ixn^    <3o  J.73ffc      J-OM  T 


j\tJi  revvcrrj  VThf. 


I 


Channel  tD  Ibo  IflOftK  i&fb  atX.W! 
ConlLzuios  Itiio    bottom.  oTlsyi 
UroiKau.  <Jo.  cU>.  Ifi76 

3liad«cl  part  -io  be  cue  cavajtecl 

Saraontal  scale  moftf.  .Vertioal  1  Oii.  *^"1  fn. 


5  H 

a 
'     I 
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At  Dutch  Gap  Cut-off,  lower  endf  19  miles  hehw  Bichmond. 


3 

Lunitidal  inter- 
val. 

Duration. 

Mean  height 
above  zero. 

Rise  and 
falL 

Hi^h-water 
above  zero. 

Low-water 
above  zero. 

Mean  rise 
and  fkU. 

Months  of  187 
1876. 

1 

■a 

n 

1 

M 

S 

1 

1 

1 

1 

■J 

■ 

H 

Ft 

1.03 

1.86 

1.65 

1.92 

1.51 

1.47 

0.31 

1.57 

2.12 

• 

1 

Ft 
3.23 
3.43 
3.31 
3.69 
3.18 
3.35 
2.89 
3.37 
3.63 

• 

i 

9 

1 

Ft 
2.66 
2.66 
157 
165 
2.64 
2.56 
2.43 
160 
173 

1 

OD 

September.. 

October 

NoTetnber . . 
Deoember  .. 
Jannary .... 
February . . . 

Maroh 

April 

iiay 

A.  flk. 
16  23 
16  26 
16  28 
16  34 
16  26 
16  18 
16  29 
16  07 
16  07 

A.  fit. 

23  11 
23  08 
23  16 
23  36 
83  20 
33  19 
23  26 
23  08 
23  12 

A.  m, 
5  40 
5  42 
5  37 
524 
5  30 
5  24 
5  30 
5  13 
5  21 

A.  tn. 
6  45 
6  42 

6  50 

7  00 
6  55 
6  59 

6  56 

7  12 
7  10 

Ft 
3.39 
3.16 
3.24 
2.91 
2.76 
2.90 
3.06 
3.34 
3.30 

JR. 

0.74 

0.50 

0.68 

0.26 

0.13 

0.34 

0.64 

0.77 

0.57 

Ft 
4.34 
4.20 
4.30 

*5.22 
3.74 
3.68 

*5.8l 
4.41 
4.20 

Ft 

1.75 
2.2S 
2.05 
1.8i 
1.27 
1.73 
1.42 
1.84 
8.04 

Ft 

2.34 

1.37 

1.95 
1.52 
1.05 
1.05 
1.72 
1.84 
1.90 

Ft 
-0.36 
—0.62 
—0.60 
—0.69 
—0.96 
—1.20 
—0.33 
-0.41 
—0.27 

Ft. 
2.65 
2.67 
2.56 
2.65 
164 
2.56 
2.42 
2.58 
173 

Mean 

16  24.7 

23  16.6 

529 

6  56 

3.134 

0.525 

2.609 

*  Freshets. 

NoTR. — The  means,  given  at  the  bottom  of  the  tables,  are  from  the  sums  of  all  the  obtervaUoru  in  the 
9  months,  and  not  from  the  sums  of  the  meant  of  the  several  months  given  in  the  tables. 

It  will  be  seen  from  the  sbovei  which  I  regret  are  not  complete  for  12  months,  that 
the  average  rise  and  fall,  as  well  as  zero,  vary  considerably  in  different  months.  This 
is  dae  mainly  to  prevailing  winds.  Tbns  far  it  seems  that  at  Datch  Gap  zero,  accord- 
ing to  the  levels  of  18^2^  is  more  nearly  trae  than  that  fonnd  by  Mr.  Popp  in  the  survey 
of  1874.  He  reports  ^*  that  low-water  is  now  (1874)  apparently  0.63  foot  lower  than  it 
was  in  1872." 

ANALYSIS  OF  THE  SURVEY  OF  1874. 

Some  of  the  characteristics  of  James  River  were  given  in  the  last  annual  report,  and 
dnring  the  winter  I  have  made  an  analysis  of  the  survey  of  1874,  made  by  Mr.  William 
Popp,  under  your  direction,  which  is  submitted.  This  survey  gave  the  widths  and 
depths  at  mean  low-tide  from  the  ship-lock  in  Richmond  to  the  lower  end  of  Dutch 
Gap  Canal  by  way  of  the  bend  at  Odborne's,  a  distance  of  19.3  miles,  the  canal  savins 
5  miles  of  navigation.  The  lines  of  soundings  were  generally  at  right  angles  with 
the  direction  of  the  current,  and  were  taken  at  intervals  of  20,  50, 100,  and  200  feet 
in  the  length  of  the  river,  as  the  condition  of  its  bed  required.  The  soundings  across 
the  river  were  from  10  to  15  feet  apart.  The  survey  included  the  leveling  to  ascertain 
the  low-water  slope  and  observations  on  the  tides. 

In  making  the  analysis,  I  have  taken  from  the  map  the  cross-section  at  average  dis- 
tances of  500  feet,  and  ascertained  the  width,  channel,  and  mean  depth,  and  sectional 
area  at  each  point.  From  the  areas  was  ascertained  the  position  of  a  vertical  line 
dividing  the  mass  in  2  equal  parts  on  each  line:  the  points  marking  the  position  of 
these  lines  were  located  on  the  maps,  and  curves  made  to  pass  through  them.  Tables 
1,  2,  3,  4,  and  5  give  the  widths,  depths,  and  areas,  and  the  radii  and  direction  of 
curves,  and  the  number  of  degrees  in  each.  I  have  divided  the  river  within  the  limits 
of  this  survey  into  5  sections,  4  of  these  reaching  in  the  aggregate  to  the  entrance  of 
Dutch  Gap  Canal,  and  the  fifth  covering  the  nend  cut-off.  The  curvature  in  the 
fifth  section  is  not  given.  Table  No.  6  gives  the  mean,  and  the  greatest  and  least 
widths,  depths,  and  areas  on  each  of  the  5  sections,  and  table  No.  7  the  mean  depths 
and  areas  corresponding  to  various  surface- widths. 

Feet. 

The  first  section  is  from  Richmond  to  Randolph  Flats 19, 500 

The  second  section  ends  at  Drury's  Bluff 18,500 

The  third  section  ends  at  end  of  Kiugsland's  Reach .% 18, 500 

The  fourth  section  ends  at  entrance  to  Dutch  Gap  Canal 18,  .'SOO 

The  fifth  section  includes  the  bend  cut-off 26,*500 

With  the  exception  of  Kingslaud,  sometimes  called  Grave-yard  Reach,  which  is  at 
the  end  of  third  section,  all  the  difficulties  to  navigation  at  high-tide  between  Rich- 
mond and  Dutch  Gap,  for  vessels  drawing  18  feet  and  under,  are  confined  to  the  first 
2  sections,  and  end  with  Warwick  Bar,  5^  miles  below  the  city.  The  least  mid- 
channel  depth  in  Kingsland's  Reach  is  13^  feet  at  low-tide,  and  there  are  1,100  feet  with 
less  than  15  feet|  elsewhere  below  Warwick  Bar  there  are  15  feet  and  over;  the  mean 
rise  and  fall  of  tides  being  about  3i  feet. 
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The  riyer  varies  considerably  in  width  above  Warwick  Bar,  and  is  more  nniform 
below,  (excepting  Kingsland's  Reach,)  at  least  to  the  entrance  of  the  Dutch  Gap  Canal. 
Table  No.  6  shows  that  the  widths  diminish  and  the  depths  and  areas  increase  from 
Richmond  down,  the  only  exception  being  the  width  of  section  5,  on  which  the  shoal 
in  Trent's  Reach  is  a  leading  feature. 

As  the  riyer  has  few  ana  inconsiderable  afflnents  in  the  distance  covered  by  this 
snrvoy,  and  these  could  not  account  for  the  increased  sections,  I  was  interested  to 
know  whether  the  lower  sections,  i.  «.,  those  below  Richmond  Bar,  were  to  be  con- 
sidered an  estuary,  as  was  assumed  by  me  in  the  last  annual  report,  and  by  Mr.  Popp, 
in  his  report  on  the  survey  :  or  if  the  decrease  in  the  slope  of  the  river  at  low-tide  on 
the  lower  sections  required  the  larger  area  observed,  Mr.  Pop^  ascertained  the  slope 
by  leveling  at  extreme  low-tide,  on  a  favorable  day,  at  4  points,  and  made  the  fall 
as  follows: 

Feet.        Feet. 

From  Rockett's  Reef  (f  mile  below  dock)  to  Richmond  Bar 12,320        0.58 

Prom  Richmond  Bar  to  Drury»s  Bluff 22,180        0.14 

From  Drury's  Bluff  to  entrance  of  Dutch  Gap  Canal 37,500       0.10 

Totals 72,000       0.82 

These  points  do  not  correspond  with  the  divisions  I  have  mentioned,  and  in  order  to 
discnss^the  effects  of  the  slopes,  corresponding  to  these  levels,  another  division  into 
3  sections  has  been  made.  On  these  3  sections  the  mean  widths,  depths,  and  areas 
were  ascertained,  as  well  as  the  aggregate  curvature,  and  are  given  below : 


Kean  of  surface  width (W) . . 

Mean  area (a).. 

Mean  wetted  perimeter,  ( W  x  1.015) (p) . . 

Mean  radios, prime, —^^ — (f^i)-- 

Slope  per  foot (S).. 

Begreea  of  oarvatnre 


No.  I. 

Rockett'aReefto 

Bichmond  Bar. 


906  ft. 

5,856. 6     sq.  ft 

81d.  09        ft. 

606 

000047 
1850  ao' 


No.  8. 

Bichmond  Bar  to 

Drary's  Bluff. 


No.  3. 
Drorv's  Bluff  to 
Dutch  Crap  Canal. 


808.5 
8,319 
814.54 

5.1446 


ft 

sq.ft 

ft 


0.0000063 
187°  48' 


613.4 
l.Oll 
6,286 


ft 
ft 

ft. 


&9086 


0.000008667 
7570  49' 


The  mean  velocity  corresponding  to  these  elements  was  then  ascertained  by  the 

Humphreys  and  Abbot  formulsB  as  given  in  their  work  on  the  Physics  and  Hydraulics  of 

, 2.4  (r')h 

the    Mississippi,  viz:      t?  =   V O.UObl 6 -f  (5i25ri  S^}^— 0.09(6  J6)»  — 


I  Xp 


for 


sections  1  and  2,  where  the  mean  radius  is  less  than  12,  and  v  ==  ([225  n  S  ^]^  —  0.0388)' 

for  section  3.    The   correction    for   curvature  was    made  from  their  formula  p  = 

r«N.Sin3  30o      ^        ^^  ,    curvature      ^       ^^     u.  ,1  .     1     i.  ^     xv 

,  where  N  represents ^^^ and  p  the  fall    equivalent  to  the  t6- 


i;u 


30 


sistance.    The  calculation  for  velocity  and  discharge,   neglecting  the  influence  of 
bends,  resulted  as  follows : 


Telocity  in  feet  per  second 

Discharge  in  cubic  feet  per  second 


Section 
N0.I. 


S.1S01 
18,645. 


Section 
No.  8. 


1.5480 
18,877. 


Section 
No.  3. 


1.7064 
18,78a 


The  correction  for  curvature  gave  the  following  result : 


• 

Section  No.  1. 

V 

Section  No.  8. 

Section  No.  3. 

• 

Sanlvftlent  filonA nAr  foot     ....................... 

0.00004418 
3.1387 
134;». 

0.000005454 
1.4898 
18393. 

The  correction 

CutTQoted  velocitv  in  feet  ner  second 

gives  anegative 
fall  of  -.03  in 
this  7  miles. 

Corrected  discharge  in  cubic  feet  per  second 
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The  negative  result  on  section  No.  3  may  resalt  in  part  from  an  error  in  the  level 
oi  low  tide  at  the  entrance  to  Dntch  Gap  Canal,  which  is  the  end  of  this  section. 
Owing  to  the  canal  which  cnts  off  5  miles  of  the  river,  there  is  a  great  disturbance 
in  the  tides  at  that  point,  and  is  well  described  in  the  report  of  Mr.  W.  Popp,  as  fol- 
lows :  "  When  the  flood- wave  reaches  the  lower  end  of  the  canal,  the  main  wave  tray- 
els  past  it  and  around  Farrae's  Island,  a  distance  of  5  statute  miles,  to  the  upper  end 
of  the  canal.  In  a  few  minutes  the  level  at  the  lower  end  has  risen  sufficiently  to  ore- 
ate  a  current  up-stream,  which  rapidly  increases  in  velocity.  When  reaching  the  up- 
per end  of  the  canal  the  water  carried  up  by  this  current  reaches  the  ebb  slope  and 
passes  down-stream  until  the  main  wave  reaches  the  place.  The  same  thing  occurs  in 
a  reversed  order  at  the  beginning  of  ebb.  The  duration  at  this  interesting  phenome- 
non lasts  sometimes  for  15  to  20  minutes.  The  tides  observed  at  Dutch  Gap  were  much 
more  irregular  than  those  at  other  places.  The  mean  fall  between  the  two  gauges* 
during  flM)d  was  about  i  inch,  during  ebb  about  l\  inches.'' 

It  seems  probable  that  the  tide  does  not  fall  so  low  at  this  point  as  it  did  before 
the  canal  was  opened,  which  may  have  been  2  years  previous  to  the  survey.  A  fall 
of  0.23  foot  instead  of  0.10  foot  in  this  7  miles  would  give  the  same  discharge  by 
formula  as  was  found  on  the  other  sections,  but  the  disturbance  would  scarcely  account 
for  all  the  difference,  since  in  the  20  minutes  preceding  low  tide  the  fall  is  only  about 
0.05  foot.  The  greatest  care  is  necessary  in  making  these  observations  to  insure  accu- 
racy;  and  the  difficulty  in  leveling  for  so  long  a  distance  with  such  accuracy  as  these 
small  difierences  require,  unless  by  repeated  corrections,  is  well  known.    Da  Buat's 

formulaforthe  retarding  influence  of  bends,  fcii  =  —^g^—,  applied  to  the  James,  gives 

the  discharge  on  No.  1  at  12,539  cubic  feet,  on  No.  2  at  12,640  cubic  feet,  and  on  No.  3 
at  13,8:13  cubic  feet.  Assuming  that  the  obsetxed  slope  on  No.  3  was  correctly  taken,  it 
is  evident  that  the  correction  by  this  formula  is  too  small  on  the  James,  as  it  had  been 
found  to  be  on  the  Mississippi.  My  impression  is  that  farther  observations  will  show 
that  the  Humphreys- Abbot  formula  is  more  nearly  correct.  However  this  may  be,  the 
olose  results  obtained  on  s«*.ctionsof  the  river  varying  so  widely  in  slopes,  widths,  areas, 
curvatures,  and  lengths,  can  scarcely  be  considered  a  fortunate  balancing  of  errors,  and 
is  to  me  a  proof  of  the  great  accuracy  of  the  Humphreys-Abbot  formula,  and  their 
applicability  to  the  part  of  the  river  under  consideration,  and  I  am  forced  to  the 
conclusion  that  these  3  sections  at  least  do  not  constitute  an  estuary  proper,  but 
that  the  areas  are  regulated  by  the  discharge,  and  are  not  a  matter  of  chance.  With 
this  view,  any  attempt  to  maintain  a  greater  area  without  repeated  dredging  will 
result  in  failure.  On  the  other  hand,  it  is  plain  that  any  reasonable  depth  may  be 
maintained  by  so  contracting  the  width  as  to  preserve  the  proper  area  at  that  depth. 
There  may  be  points  where,  owing  to  the  presence  of  rock  or  other  resisting  material, 
the  river  has  not  yet  attained  to  its  proper  section,  as,  perhaps,  at  Rockett's  Reef.  In 
such  places  the  area  can  be  permanently  increased.  Experience  leads  me  to  expect 
that  with  a  miraimum  surface- width  of  500  feet,  a  depth  of  at  least  15  feet  at  low  tide 
can  be  maintained  to  the  gates  of  the  Richmond  does. 

Partly  with  a  view  to  further  test  the  accuracy  of  the  result  given  above,  but  chiefly 
to  gain  information  as  to  the  slopes,  and  particularly  those  above  Warwick  Bar,  the  3 
sections  were  divided  into  15,  the  points  selected  being  those  where  a  change  in  slopes 
would  be  likely  to  be  found. ,  The  discharge  found  in  the  previous  investigation  was 
assumed  to  be  correct.  The  mean  areas,  &c.,  for  those  subdivisions  were  ascertained 
from  the  tables  1  to  4,  inclusive,  the  slopes  on  each  calculated  by — 


fl-,  / 0'^ 4-00388)^ \« 
y^        225»         J 


(H.  &  A.,)  and  then  corrected  for  curvature  as  before.  The  result  is  stated  in  the  fol- 
lowing table  and  shown  In  the  accompanying  diagram.  The  observed  point  on  Rich- 
mond Bar  did  not  coincide  with  the  subdivision,  and  on  the  two  sub-sections,  reaching 
from  the  lower  end  of  Drury's  Island  to  the  lower  end  of  Randolph's  Flats,  I  further 
subdivided  the  distance  into  lengths  of  1,000  feet,  and  applied  the  same  formulsB  to 
them.  The  full  lines  represent  the  observed  slope,  the  broken  lines  the  slopes  of  the 
subdivisions  from  calculations,  and  the  dotted  line  the  lesser  divisions  over  Richmond 
Bar,  also  from  calculation.  At  the  first  observed  point  the  calculated  slope  passes  very 
near;  at  Drury's  Bluff  it  is  0.02  foot  below,  and  at  Datch  Gap  0.007  foot  below.  These 
tests  seem  to  me  very  severe,  and  I  may  not  be  presuming  too  far  in  saying  that  in  the 
regulation  of  the  river  the  proper  width  may  be  found  at  every  point  by  a  general 
conformity  to  the  formulas.  In  {giving  the  table  and  diagram  it  is  proper  to  say  that 
the  slope  above  Rockett's  Reef  is  from  calculation  alone ;  the  low-tide  elevation,  as 
compared  with  that  at  Rockett^s,  has  not  been  ascertained  by  leveling. 

*  One  at  upper  and  one  at  lower  end  of  oanaL— H.  B.  W. 
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• 

§ 

1 

a . 

il 

li 

a 

7 

Length  of  section 
in  feet. 

e 

► 
< 

• 

« 

Velocity,  9. 

• 

o 

a 

OB 
0 

2 

i 

i 

■ 

Correction  dae  to 
carvatare. 

i 

1 

5 

Total   fall  from 
Bockett'a  Reef! 

1 

3,500 

6.193 

613 

1.9601 

5.0138 

0.0000186 

0.09307 

o   / 
00  00 

0.0615 

8 

11 

5.500 

5.284 

736 

2.3208 

3.5629 

a0000552 

0.30358 

37  20 

.01185 

0.  315430 

0.315 

3 

10 

5,000 

6,359i 

760 

1.929 

4.153 

0. 0000198 

0.09894 

78  10 

.01805 

0.116990 

a432 

4 

11 

5,500 

6.399 

1,059 

1.917 

2.999 

0.0000370 

0.20373 

19  50 

.01810 

0. 221830 

0.654 

5 

8 

4,000 

7,863 

919 

1.568 

4.246 

0.0000084 

0.03380 

12  37 

.00193 

0.035726 

0.690 

6 

9 

4.500 

8,718 

844 

1.414 

5.126 

0.0000039 

0. 01748 

14  00 

.00193 

0.019222 

0.709 

7 

11 

5,500 

8,826 

668 

1.430 

6.557 

0.0000025 

0. 01364 

31  15 

.00397 

0. 017688 

0.727 

8 

9 

4.500 

9.580 

722 

1.317 

6.585 

0.0000018 

0.00805 

60  20 

.00603 

0. 014553 

0.741 

9 

10 

5,000 

10  632 

555^ 

1.187 

9.488 

0. 0000006 

0.00288 

70  15 

.00758 

0. 010447 

0.758 

10 

10 

5.000 

10, 848 

608 

1.164 

8.855 

0.0000006 

0.00306 

74  00 

.00624 

0.009305 

0.761 

11 

10 

5.000 

10, 312 

680 

1.S25 

7.526 

0.0000010 

0. 00516 

35  55 

.00362 

0.008771 

0,770 

12 

8 

4.000 

10,  471 

8:16 

1.206 

6  216 

0.000014 

0. 00570 

69  50 

.00632 

0.012019 

0.788 

13 

9 

4.500 

11,  575 

667 

1.091 

a  612 

0.0000005 

0.00268 

103  45 

.00768 

0.010363 

0.792 

14 

9 

4.500 

11,602 

507 

1.089 

11.356 

0.0000003 

0.00139 

147  21 

.01086 

0. 012156 

0.805 

15 

19 

9,500 

11, 511 

547^ 

1.097 

10.434 

0.0000004 

0.00335 

256  43 

.01922 

a022564 

0.827 

The  secoDcl  section  on  the  table  is  a  reach  where  there  were  formerly  two  channels, 
divided  by  Drury's  Island.  One  of  these  is  shut  off  bv  dikes,  and  discharges  no  river- 
water  except  where  it  is  above  the  dikes — that  is,  in  rreshets.  The  river-bottom  here 
is  generally  very  hard,  and  does  not  yield  readily  to  scour.  This  no  doubt  accounts  for 
the  small  mean  area  given. 

The  object  of  the  improvement  is  to  maintain  at  every  point  a  channel  180  feet  wide, 
with  not  less  than  15  ^et  depth  at  low  tide.  This  requirement  is  fulfilled  everywhere 
at  present  between  Warwick  Bar  and  Dutch  Gap  Canal,  except  for  1,100  feet  in  Kings- 
land's  Reach.  (On  this  reach  the  minimum  depth  is  13^  feet,  the  surface-width  being 
1,020  feet,  while  the  mean  width  for  several  miles  above  and  below  is  less  than  700  feet.) 
Above  (Warwick  Bar  the  river  has  this  requirement  at  two  points  observed,  viz,  1 
at  Richmond,  just  above  the  mouth  of  Gillie's  Creek,  which  has  15  feet  for  320  foet 
width,  with  a  channel-depth  of  17f  feet,  and  1  at  the  Quarry  wharf,  a  short  distance 
above  Richmond  Bar,  where  there  are  15  feet  for  250  feet  width,  and  a  channel-depth 
of  19^  feet.  The  requirements  are  nearly  met  in  a  few  other  sections.  At  the  point 
just  named  the  surface-width  is  510  feet;  at  the  other,  750  feet;  but  of  this  only  575 
feet  have  over  2  feet  depth.  The  section  is  in  a  sharp  bend,  with  a  radii  of  from  2,300 
to  2,800  feet,  and  the  convex  shore  is,  as  usual,  quite  shallow.  There  is  no  section 
between  Warwick  Bar  and  Richmond  having  the  requirements  with  a  surface-width 
of  800  feet.  The  cross-sections  from  Richmond  to  Warwick  Bar,  corresponding  with 
tables  1  and  2,  have  been  plotted  to  scale,  and  with  these  sections  before  me  it  does 
not  seem  probable  that  the  required  channel  can  be  maintained  above  Warwick  Bar 
with  that  surface-width  without  repeated  dredging.  Tha  experience  at  Richmond  Bar 
confirms  this  view,  and  is  as  follows :  After  the  great  flood  of  1870,  which,  according 
to  the  letter  of  Captain  Cunningham,  reduced  the  depth  on  this  bar  to  but  little  over 
10^  feet,  or,  say,  7  feet  at  low  tide,  a  channel  75  feet  in  width  and  15  feet  in  depth  at 
low  tide  was  dredged  out.  In  3  years  the  bar  was  restored  to  the  condition  shown 
on  Plate  VII,  according  to  the  survey  of  1874,  the  available  depth  being  about  8^  feet 
at  low  tide,  and  the  area  5,741  square  feet.  In  1874  a  dike  was  built  on  the  left  side, 
(shown  in  Fig.  2,)  which  reduced  the  original  width  to  about  900  feet.  A  channel  120 
feet  by  15  feet  was  then  dredged.  In  this  way  the  area  was  Increased  to  6,639  feet 
between  the  dike  and  the  right  shore.  The  next  freshet  (March,  1875, 10^  feet  rise) 
reduced  the  depth  to  Hi  feet,  and  this  depth  was  held  for  a  very  narrow  belt ;  the  area 
was  reduced  to  6,165  feet.  The  sides  of  the  dredged  channel  were  sloped  off  and  the 
channel  filled,  as  shown  in  the  dotted  line,  Fig.  2,  and  the  resulting  area  between  the 
dike  and  the  right  bank  was  aboat  8  per  cent,  more  than  the  area  of  1874  y^om  »hore  to 
Bhore.  There  remained  a  triangular-shaped  trough  to  represent  the  dredged  channel, 
400  feet  wide  on  top  and  running  nearly  to  a  point  at  bottom.  In  this  I  refer  to  the 
bar  as  a  whole,  and  not  especially  to  this  particular  cross-section. 

In  July,  1875,  certain  wing-dams  and  training-walls  were  constructed  on  the  right 
bank,  covering  about  1,100  feet  of  the  bar,  which  reduced  the  width  uniformly  to  775 
feet.  The  first  300  feet  of  the  work  was  a  training- wall,  built  of  loose  stone  taken  from 
the  channel  at  Goode's  Rock ;  then,  after  an  interval  of  400  feet,  a  timber  wing-dam ; 
and  after  another  similar  interval,  a  second  wing-dam.  This  second  dam  is  shown  on 
Fig.  3.  The  river-bed  between  the  works  on  the  two  banks  was  carefully  sounded 
at  every  25  feet,  the  distances  being  measured  by  a  graduated  wire.    The  dams  were 
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connected  with  the  river-bank  and  were  made  to  the  level  of  high  tide  at  the  channel- 
CDd)  and  about  1  foot  hi|;her  at  the  shore-end.  From  time  to  time  afterward  the  soand- 
ings  were  retaken  in  the  same  way,  until  February,  1876,  just  before  the  freshet,  which 
occurred  in  March.  The  action  of  the  tides  produced  no  marked  effect.  There  was  a 
tendeno^to  fill  up  the  triangular  space  and  to  a  slight  abrasion  at  other  i>oint8,  a 
tendency  to  round  out  the  bed ;  but  the  area  of  the  section  remained  essentially  the 
same.  There  was  no  rise  of  the  river  in  the  interval  exceeding  2  feet.  In  the  latter 
part  of  March  the  river  rose  S^  feet,  and  was  above  its  usual  stage  for  more  than  a 
week.    The  soundings  were  again  taken  April  4,  aud  with  the  following  result : 
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Square  feet. 

Sqttare/eet. 

Square  feet. 

At  end  of  trainintr-wall 

6,6534 

58  75 

6, 947. 1 

353.6 

4.43 

Between  wall  and  dam  No.  ]» 

6,415 
6,375 

116.25 
353.75 

6  539.5 
6,60^2.5 

940.5 
581.85 

3. 

At  wiuff-dam  No.  1 

.S.57 

At  wfnir-dftin  No.S l. ..     ... . 

6,165 

643. 75 

6,270. 

74a  75 

1.7 

AvflrMrtt...... 

6,403 

6,500. 

3.9 

The  scour  in  this  distance,  of  say  800  feet,  was  about  15,000  cubic  yards.  A  line  of 
soundings,  taken  about  500  feet  below  dam  No.  2,  showed  a  similar  scour  in  the  space 
between  the  dike  and  the  line  of  the  wing-dams ;  in  the  lee  of  the  dams  the  water  was 
shoaler  than  before.  The  site  of  dam  No.  2  is  on  the  line  of  soundings  shown  on  Plate 
VII,  and  is  a  trifle  below  the  present  crest.  The  scour  on  the  bar  was  quite  uniform, 
tending  still  further  to  round  oflf  the  bottom,  and  the  triangular  space  representing  the 
«line  of  the  dredged  channel  is  nearly  obliterated. 

The  history  of  this  bar  shows  that  dredging  without  a  contraction  in  width  is  tem- 
porary in  its  effects;  that  the  contraction  ot  1874,  with  dredging  where  the  enlarge- 
ment exceeded  the  area  cut  off  by  the  dike,  was  followed  by  a  deposit  which  nearly 
restored  the  area  the  river  bad  before  the  dike  was  built,  and  thai  a  further  contraction 
in  1875,  without  dredging,  was  followed  by  a  scour  which  left  an  area  between  the 
works  about  9  per  cent,  greater  than  existed  before  they  were  begun.  The  area  thus 
far  seems  to  increase  with  the  contraction  in  surface-width,  or  with  the  mean  radius. 
This  may  be  due  to  the  lowering  of  the  surface,  or  the  averaging  of  the  slope,  (see 
disturbance  in  the  slope  on  Richmond  Bar  on  the  diagram,)  which  would  give  a  less 
velocity  in  some  places,  and  make  a  larger  area  necessary  to  accommodate  the  dis- 
charge. 

It  will  be  noticed  in  the  table  showing  the  scour  on  Richmond  Bar  that  the  section 
between  the  end  of  the  training-wall  and  the  first  wing-dam  shows  a  less  action  than 
the  remaining  sections.  I  regard  this  as  an  indication  that  it  will  be  found  better  to 
correct  the  channel  ends  of  the  dams  with  a  low  training-wall  at  some  future  time. 
^  Similar  effects  to  those  described  on  Richmond  Bar  have  resulted  wherever  contrac- 
tion of  width  has  been  resorted  to  on  this  river,  and  encourage  the  belief  that  a  uni- 
form depth  can  be  maintained  by  regulating  its  width  according  to  its  slope,  and  that 
this  depth  is  at  least  15  feet  at  low  tide  at  Richmond,  and  a  considerably  greater  depth 
below  Warwick  Bar. 

I  have  mentioned  that  the  river  has  the  desired  section  near  Richmond ;  it  has  it 
again  just  below  -Warwick  Bar,  and  from  that  point  to  Datoh  Gap  Canal,  with  the 
exception  mentioned  in  Kingsland's  Reach. 

Assuming  that  the  river  has  the  proper  width  at  these  points,  if  we  connect  them 
with  gradually-widening  lines,  it  is  not  unlikely  that  such  lines  would  represent 
approximately  the  shores  as.they  should  be  to  produce  and  maintain  a  uniform  depth. 
In  the  bends  the  width  would  be  greater,  and  on  straight  reaches  less.  Such  a  line 
has  been  plotted  on  the  several  cross-sections  of  the  river,  and  show  in  nearly  every 
case  that  the  excavation  necessary  to  secure  the  channel  with  proper  slopes  in  cross- 
section  would  JQst  about  fill  the  space  cut  off  by  the  dikes.  There  is  but  one  section 
on  the  part  of  the  river  in  question  that  has  a  less  width ;  it  is  at  Rockett's  Reef. 
These  lines  indicate  that  at  Richmond  Bar  the  river  should  not  be  over  550  or  600  feet 
wide.  At  some  points  the  river-bed  is  too  hard  to  yield  readily  to  scour,  and  blasting 
or  dredging  is  necessary ;  but  generally  the  bed  of  the  channel  is  of  sand,  where  dredg- 
ing, except  to  a  limited  extent,  is  unnecessary. 


300        BEPORT  OF  THE  CHIEF  OF  ENQINEERS. 

It  is  often  said  that  freshets  bring  down  snch  quantities  of  sediment  that  the  river- 
bed must  fill  up  in  time.  That  the  river  carries  large  amounts  of  solid  matter  is 
undoubted,  and  the  amount  is  probably  underrated  by  those  who  hold  this  view.  But 
the  channel-depths,  both  on  the  shoals  and  between  them,  are  substantially  the  same 
now  as  the  Coast  Survey  found  them  In  1852,  except  where  the  shoals  hav«  been 
improved.  There  has  been  a  deposit  in  the  river-bed  below  the  head  of  the  Dutch  Gap 
Canal,  and  this  might  be  expected  to  the  extent  of  ike  area  of  the  canal,  ultimately,  for 
this  theory  of  the  river  required  it.  All  this  time  sand  and  mud  have  been  moving 
down  the  river.  Even  in  August  last,  at  a  low  stage  of  the  river,  the  divers  employed 
at  Goode's  Rocks  found  the  sand  moving  on  the  bottom  at  ebb-tide.  During  the  recent 
freshet  I  obtained  a  gallon  of  river-water,  from  near  the  surface,  to  ascertain  the  pro- 
portion of  solid  matter  carried.  The  process  of  separating  the  solid  matter  from  the 
water  was  not  a  very  accurate  one,  and  I  give  the  result  as  an  approximation  only. 
After  the  sediment  was  separated  it  was  dried  in  the  sun,  on  a  japanned  plate,  and  then 
reduced  to  a  powder.  It  was  weighed,  and  then  compressed  tirmly  in  a  glass  tube  of 
small  diameter,  but  over  2  feet  long.  The  space  occupied  by  a  measured  quantity 
of  water  in  the  tube  had  been  previously  marked  on  it,  and  the  proportionate  space 
occupied  by  the  sediment  gave  its  volume.  It  weighed  67  grains,  and  measured  four- 
tenths  of  a  cubic  inch ;  its  volume,  as  compared  with  the  gallon,  was  as  1  to  564.  Every 
564  feet  of  water,  then,  carried  a  foot  of  solid  matter.  At  an  ordinary  freshet  of  10  feet 
rise  there  are  at  least  50,000  cubic  feet  of  water  passing  Rockett's  Reef  every  second, 
(this  amount  would  require  a  section  of  louhwater  toidth  and  of  the  depth  mentioned 
added  to  the  mean  depth,  moving  at  a  mean  velocity  of  2.86  miles  per  hour,)  and  as9um- 
ing  the  proportion  of  sediment  to  be  correct,  there  are  in  snch  a  freshet  277,000  cubic 
yuxls  of  solid  matter  passing  Rockett's  in  24  hours.  The  whole  cubic  mass  of  water 
between  Rockett's  and  Dutch  Gap  at  low  tide  is  about  25,000,000  of  cubic  yards,  and  if 
all  the  sediment  stopped  there,  it  would  be  completely  tilled  in  100  such  days.  Leav- 
ing out  the  sediment  carried  at  ordinary  stages  of  the  river,  20  years  would  block  up 
the  river  to  Dutch  Gap,  and  250  years  certainly  a  very  considerable  distance  below. 
Much  of  the  sediment  is  deposited  in  eddies  and  snaliows,  and,  during  freshets,  on  sub- 
merged low  ground ;  but  it  seems  to  me  that  the  greater  part  must  hnd  it«  way  to  the 
ocean,  aided  oy  the  constant  action  of  the  tides. 

There  must  remain  a  channel  sufficient  to  carry  the  dieehargeof  the  river,  and  this  is  why 
it  remains  as  it  was  in  1852,  and,  so  far  as  I  can  learn,  as  it  was  when  visited  by  the 
white  man.    If  there  is  any  change,  it  is  for  the  better. 

The  experience  gained  on  the  river  makes  it  proper  to  modify  the  estimate  for  the* 
completion  of  its  improvement  in  some  of  its  details.  A  much  larger  sum  than  before 
is  estimated  for  dikes  and  rock-excavation,  and  a  less  amount  for  dredging.  A  larger 
percentage  has  been  added  for  contingencies,  as  it  will  probably  be  necessary  to  con- 
nect the  heads  of  wing-dams  with  walls,  and  to  protect  the  shores  of  the  river  in 
places  against  abrasnre.  It  is  premature  to  express  an  opinion  as  to  the  extent  that 
these  will  be  needed.  The  estimate  is  for  a  channel  15  feet  deep  and  180  feet  wide  at 
mean  low  tide,  and  does  not  include  the  improvement  of  any  shoal  below  Harrison's 
Bar,  nor  for  any  work  on  that  bar  except  the  mere  widening  and  deepening  the  chan- 
nel to  correspond  with  that  proposed  above.  Reasons  have  been  given  elsewhere  in 
this  report  why  all  the  shoals  below  Warwick  Bar  shonld  have  18  feet  depth  ac  toto- 
water,  but  no  estimate  is  presented  for  the  additional  depth. 

ESTIMATE    FOR    JAMES    RTVER   IMPROVEMENT,    1876,  THE    DEPTHS    BEINO    TAKEN    AT 

MEAN    LOW  TIDE. 

Bichmond  Dock  to  Booketfe  Beef: 

16,000  cubic  yards  dredging,  at  50  cents |8,000  00 

300  cubic  yards  rock,  at  |10 3,000  00 

$11,000  00 

Acro98  BochetVs  Beef: 

5,486  cubic  yards  of  rock,  at  $10 54,860  00 

BocketVe  Beef  to  lower  end  of  Drury'e  Island : 

100,000  cubic  yards  of  dredging,  at  50  cents |50,000  00 

1,150  linear  feet  of  timber-groins  or  wing-dams,  at  |1.75 2, 012  50 

52, 012  50 

Channel  at  Qood^s  Books : 

2,856  cubic  yards  of  bowlders,  at  |9 25,704  00 

4,000  cubic  yards  of  dredging,  at  25  cents 1,000  00 

26, 704  00 

Across  Bichmond  Bar  and  Bandolph^s  Flats : 

40,000  cubic  yards  of  dredging,  at  25  cents 10,000  00 

6,322  linear  feet  of  timber-groins,  at|1.75 11,063  50 

21,063  50 
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Aaron  Wamich  Bar  ; 

20.000  cQbio  yards  of  dredfcingi  at  96  mntB &,000  00 

e,O0O  linear  feet  of  dikea,  at  (050 SH.OOO  00 

33,000  00 

Einglan^B  Stack  : 

IS.OOOcabioyardaofdredKtnK,  ataScBUti 3,250  00 

2,3C0  linear  feet  of  dike,  at  $3.50 7,70C  00 

10,900  00 

Dutch  Oap  Cut-Of : 

23,000  onbic  yards  of  excavnHoa,  at  25  cents. !>,riOO  00 

10,000  coble  yards  of  dredglDg.al  50  ceols 5,000  00 

10,500  00 

Al  Aikttt't,  (ho  ra-iNTtwy :) 

48,000  cobio  yards  of  dredKinfc,  at  ^  centa 12,000  00 

3,000  linear  feet  of  dike,  at  |4 13,000  00 

24,00000 

Aerou  HarHaan'i  Bm;  (no  re-nfMjr .') 

1,500  cobic  yarda  of  dredgJng,  at  50  oenta 750  00 

Contiugenoies,  20  percent 48,968  00 

Total 293.808  00 

Thia  estimate  is  snbmitted  with  the  sopposition  that  the  prioea  of  labor  and  materiala 
will  remaio  as  at  present,  and  that  fall  appropriatioDS  are  niade,  so  as  to  avoid  the  in- 
creasa  of  expense  attending  Intermittent  and  inoomplete  operations. 

I  have  had  dDriog  the  year  the  aid  of  Hr.  George  R.  Taluott,  assistant  engineer, 
nhoee  aconracy,  indnstry,  and  skill  tu  his  profssslon  have  been  of  great  valne  to  (he 
woTk.  The  city  of  Richmond  has  more  than  complied  with  the  agreement  made  in 
April,  1874. 

Tetj  reapeotfally,  your  obedient  servant, 

H.  D.  Whitcomb, 


CBABAtTTRRiencS  OP  JAMBS  HIVKa,  RICHUONC  TO  DUTCH  GAP,  1874. 
Table  1.— J%if  moMok,  19,500 /art,  BiAmond  to  Bandolph'i  FlaH. 


Staip-liKk 

0.a&&wbuf... 
Jaum  Blnr  a.8.  wt 

eiUit'i  Creak 

B>tto.&awbur.... 


Below  brewwy..--. 
npperendD.ldlki 

H«>rFIr»J>t1okwb't 


M  aftO.BHl-wtum 


11   LownHidDr.lBUiid 


nr  sad  D.  I.  dike 
iny-wbaif! 


Sa.fitt. 

a.  on 


■4' 

visa 

BiKhi 

iiSI. 

Right 

Rllhl 

nsD 

Left... 

aoao 

Sl^t- 

.??". 

RiSht: 

ioM 

302 


REPORT  OP   THE   CHIEF   OF   ENGINEERS. 


Table  I. — First  section — Cont!naed. 
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30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
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If  ear  what  point. 


Richmond  Bar .., 

...do 

...do 

...do 

Randolph's  Flats 

...do 

...do 

...do 

Averages .. 


«M   O 

a 


Feet. 
1,100 
1.300 
1,170 
1,060 

040 
1,040 
1,060 
1,040 
1.0-20 
1,000 

960 


806.S 


9  o 


Fee*. 
9i 

H 
lOJ 

111 
91 

11* 

10 
10* 


13.48 


AS 

« 


4.66 
4.81 
4.84 
5.62 
7.01 
6.37 
7.11 
6.52 
6.54 
6.37 
7.03 


7.90 


Sq./eet 
5,404 
5,775 
5,663 
5,956 
6,588 
6,636 
7,532 
6,783 
6,671 
6,368 
7,020 


6,091 


Radius  of  curve, 
through  center 
of  mass. 

Direction  of 
curve. 

Amount  of  cur- 
vature. 

Feet  and  deg. 
11.200 
11,200 
11,200 
11,900 
n200 
18,200 
18,200 

Right. . 
Right 
Right . 
Right . 
Left... 

o   / 

. . .  ^ .  • 
10  00 

Left. . . 

Left... 

18,900 

Left. . . 

18,200 

Loft... 

18,200 

Left... 

18,200 

Left... 

•930 

Remarks. 


Table  2,— Second  section,  18,500  feet,  Randolph's  Flats  to  Drury's  Bluff  Landing, 


§ 

1 

to 


41 
42 
43 
44 

45 
46 
47 
48 
49 
50 
51 
53 
53 
54 
55 
56* 


57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 


Near  what  point. 


End  of  SCO.  map  8 


Warwick  Bar. 

do 

do 

do 

do 

do 


Falling  Creek. 


End  of  sec.  map  3 


Averages . 
Maxima . , 
Minima.. 


a 

OQ 


Feet. 
930 
980 
955 
940 
920 
910 
850 
865 
825 
810 
855 
840 
875 
850 
840 
860 


840 
710 
675 
730 
655 
580 
645 
640 
655 
675 
695 
690 
700 
710 
770 
775 
715 
675 
725 
700 
730 


778.3 
980 
,  580 


Qi  it 
9   7 

si 

.a 


17 

204 

2l| 

10 

20 

23 

22i 

21* 

18 

181 

17* 
17 

20 

22 

23 

23 

25| 

30 

28 

27 

30| 


18.65 
.30.25 
ia25 


I 


§ 


Feet. 
a  13 
8.13 
8.59 
8.33 
8.55 
9.12 
9.03 
&75 

10.4:) 
9.95 
9.75 

10.63 

10.33 
9.73 
9.65 

11.25 


11.19 
13.96 
13.61 
12.90 
12.37 
14.05 
14.96 
1.3.49 
1»45 
13.99 
13.01 
12.55 
14.39 
14.27 
13.97 
12.05 
12.68 
12.39 
12.70 
13.52 
13.84 


11.54 

14.39 

&13 


Sq./eeL 
7,599 
7.928 
8,204 
7,834 
7,870 
8,300 
7,675 
7,522 
8,608 
8,058 
8,340 
8,933 
9,034 
8,263 
8,152 
9,671 


9.400 
9,914 
9,188 
0, 431 
8,100 
8,148 
9,198 
8,635 
8,154 
8,679 
8,977 
8,6.'i8 
10, 075 
10, 131 
10, 678 
9,338 
9,068 
8,363 
9,909 
9,196 
10,165 


8,776 

10,678 

7,523 


§8 
2-53 

S  0  <A 

||a 


Feet  and  deg. 

18,200 

18,200 

18,200 

18,200 

18,200 

18,200 

18, 600  AU6io 

18,600 

18,600 

18,600 

18,600 

18,600 

18,600 

0 

0 
6,000 


6,000 
6,000 
8.800 
8.800 
8,800 
8,800 
8,800 
0 
0 
0 
5,200 
5,200 
4,000 
4.000 
4.000 
4,000 


0 
3,000 
3,000 
3,000 


d 


Left... 
Left  .. 
Left... 
Left... 
Lelt  .. 
Left... 
Right . 
Right . 
Right 
Right . 
Right . 
Right . 
Right. 


Riglit 


Right . 
Right . 
Right . 
Right . 
Right . 
Right . 
Right . 


Left. 

Left. 

Ii«ft. 

Left 

Left. 

Left. 

Left. 


0 

a 


O      I 


10  18 


1134 


14  05 


1615 


1100 


35  50 


Left. 
Left. 
Loft. 


19  00 


*  At  56i  line  of  obstructions  during  civil  war. 
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Table  3.^Tkird  aeotion,  19,000  feety  Drury^s  Bluff  Landing  to  Qrave-yard  reach. 


§ 

s 

GO 


78 

79 

80 

81* 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

93 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

lis 

113 
114 
115 


Near  what  point. 


Opposite  Drury'8  BInff. 
do 


Big  Wiltop  Creek... 
Little  Wilton  Croek! 


Chaffin*8  Bluff. 
do 


Wmis's  Wharf. 


KingsIand^H  Creek 


Grave-yard  reach 

do 

do 

do 


Averagos 

Maxima 

Minima 


€•: 

^-• 

3f 
1? 

rfac 
low 

a  ^ 

09^ 

3*2 

•C  *£ 

W* 

'^* 

Feet. 

Feet 

540 

33 

540 

33* 

550 

301 

610 

29 

605 

34* 

535 

37 

450 

31; 

565 

27: 

560 

28v 

600 

26; 

6SN) 

23i 

640 

234 
221 

670 

680 

29i 

660 

38i 

570 

42i 

545 

381 

515 

35i 

560 

32i 
27| 

620 

600 

26 

610 

261 

630 

2.H 

625 

23i 
2-4 

680 

740 

20* 

655 

20 

760 

IJif 

740 

19* 

760 

20 

690 

29 

710 

31 

700 

84* 

780 

21 

920 

16 

1,020 

14* 

980 

Uk 

890 

24 

661.4 

27.01 

1,090 

42.25 

450 

14.25 

0.^ 


^ 


Feet. 
17.40 
18.84 
17.32 
14.39 
20.66 
22.46 
19.72 
21.38 
18.90 
16.31 
15.52 
17.00 
17.15 
16.99 
17.97 
15.68 
22.21 
20.05 
19.62 
17.26 
16.98 
16.96 
17.46 
16.65 
13l29 
13.64 
13.28 
14.06 
13.95 
14.58 
15.37 
16.38 
15.12 
12.74 
9.60 
8.72 
12.13 
12.70 


16.38 

22.46 

8.72 


«•   . 


Sq.feet. 

9,395 

10, 134 

9.535 

8,760 

12,501 

12, 016 

8,875 

12,082 

10,583 

9,788 

9,625 

10.880 

11,494 

11.550 

11,876 

8,935 

12,103 

10,326 

10,988 

10,  703 

10.188 

10.  349 

11,011 

10,  409 

10.  337 

10,099 

8,696 

10, 619 

10,  3:^3 

11,080 

10.603 

11,684 

10.588 

9,975 

8.830 

8.900 

11.884 

11,307 


10,500 

12,501 

8,696 


^  O  n 
O  _  01 

o  biO 
p  o  o 


<3 


Deg.  and  feet. 
3,000 
3,000 
3.000 
3,000 
.  4, 400 
*  4. 400 
4,400 
4,400 

At  85*0  0 
0 
0 
0 

1.600 
1,600 
1,600 
1,600 
0 

0  • 
0 

At  96^0  5,400 
5,400 
0 


4,800 
0 
0 
0 
0 

1,500 
0 

1,900 
2,800 
•2.800 
2,800 
4.(00 
4,000 
2,600 
1,500 


is: 


Left. 

Left 

Left. 

Left. 

Left. 

Left 

Left. 

Left. 


Klf[ht 
Ri^ht 
Right 
Right 


Right 


Right 


Left. 


Left.. 
Left. . 
Left. . 
Left  . 
Ri^'ht 
Right 
Right 
Right 


o  9 


3 

o 

H 


O         I 


47    30 


22    45 


71    20 


13    20 

"i"io 


19    15 
15**66 


30    30 


14    20 
10    00 


*  Just  helow  line  of  obstractions  duriog  civil  wai*. 


Tablb  4. — Fourth  section,  18,500  feet,  Orave-yard  reach  to  Dutch  Gap  Cut-off, 


g 


OQ 


116 
117 
118 
119 
120 
ISl 
133 
193 
124 
195 
196 
197 
138 


Near  what  point 


Devira  Beach. 

do 

do 

do 


-width 
water. 

idepth 
■water. 

FeeL 

Feet 

580 

36 

545 

45 

620 

35 

690 

25 

700 

22 

810 

21 

810 

22 

675 

27 

570 

35 

480 

43 

440 

46 

480 

41 

570 

33 

"5  « 

-Sic 

1^ 


SI 
II 


Feet. 
23.47 
34.08 
1&68 
14.18 
13.98 
13.59 
13.70 
18.11 
21.25 
22.91 
29.57 
23.48 
20.07 


JSq.fL 
13. 510 
13, 125 
11,5^2 
9.785 
9,738 
11,005 
11,093 
12,225 
12,112 
10,997 
13,011 
11,270 
11,438 


VnJ3  a 


(S"" 


Deg.  and  feet. 

1,500 

1,500 

0 

0 

0 

1,600 

0 

1,010 

1,000 

1,000 

0 

0 
At  137}<3  2,400 


at 
9  u 


V 


o 
H 


Right 


Left. 
Left! 


Left. 


o   / 


57.15 


17.50 


86.00 
'i6."i3 
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Tablb  4. — Fourth  9eoHon,  #c. — Continiied. 


a 
o 


199 

130 

131 

13S 

133' 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 


Kear  vhat  point 


Devirs  Reach 

do 

do 

do 

do 

do 

do 


Cox*8  Wharf. 


00  * 


Opposite  Batch  Gap  Cat-off. 


Averages 
Maxima  . 
Minima . . 


590 

560- 

540 

480 

470 

465 

505 


590 
565 
555 
600 
585 
600 
670 
630 
575 
510 
500 
500 
490 
475 
510 
530 


568t 

810 

440 


Feet, 
31 
4S 
39 
36 
37 
43 
44 


34 

37 

37 

38 

38| 

89 

30 

30 

37 

35 

34 

36 

38 

36| 

39 

35 


33.1 

46 

91 


90.19 
90.15 
3a  36 
91.5:1 
94.58 
98.67 
94.99 


9L61 
91.60 
91.93 
19.61 
93.83 
19.44 
19.44 
16.58 
19.39 
91.81 
19.95 
9L60 
19.80 
91.60 
93.30 
93.40 


90.9 

98.67 

13.59 


S  o 

I- 


Sq./L 
11, 919 
11,2^5 
19,617 
10, 3:i5 
11,550 
13,339 
19,930 


19,750 
19,906 
11,775 
11,763 
13,938 
11,663 
19,435 
10,450 
11,150 
11.167 
9,695 
10,800 
8,96)2 
9,730 
11,885 
11,330 


11,549 

13.938 

8,969 


«  . 

'255 
S 


Deg.  and  feet 
0 
500 

At  130^0  1,500 
1,500 

At  139io  1,500 
1,500 

At  134i^o     500 

At  135^0  1,600 
3,900 
3,900 
3,900 
3,900 
10,000 
10,000 
9,300 
9,300 
0 
0 

At  146|o  1,900 
0 

3.000 
3,000 
3,000 
3,000 


§? 


p 


Left. 
Left. 


Right 


Right 
Right 
Right 
Right 
Right 
Right 
Right 
Right 
Right 


Right 


Right 
Right 
Right 
Right 


*  Ledge  of  sandstone  on  right  bank  between  133  and  134. 


o  / 
19.00 


10.08 


36.00 
36.00 
36.ii0 
56.93 
31.13 


3&00 

"i'so 


9SlOD 


39.47 


38.90 


Table  5.— iV^  HcHon,  29,000  feetf  upper  to  lower  end  of  Dutch  Gap  Canal  by  riner. 


153* 

154 

155 

156 

157 

158 

150 

ISO 

161 

163 

163 

164 

165 

166 

167 

168 

160 

170 

171 

179 

173 

174 

175 

176 

177 

178 

179 


Near  what  point 


Upper  end  of  Dutch  Gap  Canal 


Osbonie's . 


1 


to  • 


Feet 
540 
530 
570 
610 
540 
560 
610 
655 
665 
6h0 
790 
730 
780 
765 
750 
840 
940 

1,000 
940 
780 
500 
485 
906 
KO 
540 
570 
695 


5(i 

I 
§1 


Feet 
30 
31 
39 
99 
30 
96 

93 

m 
"^ 

171 
19 

181 

1? 

15f 

"i 

90 
99 
39 
49 
48 
44 
38 
39 
38 
38 


14.39  miles  b«low 


Feet.  8q,/l. 

92.3  11,987 
la  4  9, 987 
ia  4  10. 160 
17. 9  10, 170 

18. 4  8, 419 
18. 6  10, 340 
17. 3  10, 965 
16. 9  9, 567 

15.8  10,349 

15.9  9,908 
15.1  10,668 
14. 1  10, 039 

14.0  10,617 

19. 8  9. 641 
19.6  9.600 

19. 5  10, 901 

19.1  11,063 
ILl  11,113 

11. 3  10. 943 

15.9  19,945 
99. 9  14, 619 
31 9  15, 109 
9&  4  13, 064 

93.6  13,000 
93.9  11,605 
90. 8  11, 510 

90. 4  12, 956 

ship-lock. 


Its 

5"^ 


Deg.  and  feet 


IS 


I 


o    / 
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Table  Y.—^fth  aedUm,  29,000 /ee«,  ^c— Continued. 


• 

1 

OQ 

Near  what  point. 

Surface-widt  h 
at  low  water. 

Channel-depth 
at  low  water. 

Mean  depth  at 
low-water. 

Sectional  area 
at  low- water. 

SadinsofcarTe 
through  cen- 
ter of  mass. 

Direction     o  f 
curve. 

Total     deflec- 
tion. 

180 

FwL 

570 

450 

400 

500 

780 

1,100 

1,240 

1,450 

1,450 

1,525 

1,600 

1,565 

1,470 

1,300 

750 

590 

600 

600 

6G0 

690 

760 

840 

910 

950 

1,000 

970 

870 
690 
630 
560 
570 

Feet, 
41 
100 
74 
58 
23 
18 
15 
17i 

lU 
13 

14 

19 

16 

14 

41 

42 

38 

37 

29 

26 

22 

184 

18 

17 

17 

38 

34 
44 

43 
39 
37 

Feet 

21.5 

56.1 

43.9 

36.0 

15.8 

10.9 

9.4 

8.1 

7.8 

7.0 

6.9 

8.5 

8.4 

10.6 

2ai 

24.5 
22.3 
23.3 
21.0 
19.1 
17.1 
15.5 
14.0 
13.7 
12.7 
16.8 

17.1 
24.3 
24.6 
27.5 
24.5 

Sq.fL 
12,306 
25.250 
17, 570 
16.000 
12,330 
12,076 
11, 498 
11,850 
11,375 
10.563 
11, 113 
13,195 
12,248 
13, 813 
15,  075 
13,488 
13,425 
13, 875 
13, 675 
12,502 
12,890 
12.527 
12,603 
13,063 
12,725 
15,969 

14, 5.W 
16,393 
14,850 
14,103 
13.538 

0     / 

181 

182 

, 

183 

184 

185 

Trent's  Heaoh 

186 
187 

1K8 

do 

do....... 

do::::::::::;:;:;:::::::::; 

189 

do 

190 

do 

191 

do 

192 

do 

^9^ 

do 

194 

» 

195 

196 

197 
198 
199 

900 

901 

202 

903 

204 

205* 

Canal. 

206 

207 

208 
209 
310 

...... .......ft.............. ...... 

Averages 

790 

30 

18.55 

12,462 

*  19. 3  miles  below  ship-lock ;  5  miles  saved  by  canal. 


Table  6. — Summary  of  the  preceding  tables. 


Greatest  width  at  low- water 
IfSast  width  at  low-water... 
Mean  width  at  low- water... 

G  reatest  channel  depth 

Least  channel  depth , 

Mean  channel  depth 

Greatest  mean  depth ......... 

Least  mean  depth , 

Average  mean  depth 

Greatest  sectional  area , 

Least  sectional  area 

Mean  sectional  area 


Section 
No.l. 


1,200 
480 
806.2 
191 

13.50 
14.67 
4.81 
7.90 
7,532 
4,548 
6,091 


Section 
No.  2. 


980 

1,020 

580 

450 

778.3 

661. 4 

30i 

42i 

13i 

*14i 

18.65 

27.01 

14.39 

22.46 

8.13 

&72 

11.54 

16.38 

10,678 

12,501 

7,532 

8,696 

8,776 

10,500 

Section 
No.  3. 


Section 
No.  4. 


810 

440 

568.5 

46 

21 

32.10 
28.70 
13.60 
20.90 
13,938 
8.962 
11,549 


Section 
No.  5. 


1,600 
400 
790 
100 

Hi 
30 
56.1 
6.9 
1&55 
25,250 
8,412 
12,462 


*  On  section  taken.    One  line  of  soundings  on  No.  3  has  minimum  channel  depth  of  134  ^^^t. 

20  b 
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Table  7. — Mean  depths  and  areas  corresponding  to  various  sw/a>ce  tvidths. 


Width. 


From  440  to  500  feet.... 

From  500  to  550  feet 

Ii"rom  550  to  600  feet . . . . 

From  600  to  650  feet 

From  650  to  700  foet 

From  700  to  750  feet . . . . 
FroDi  750  to  800  f<»t. . . . 

From  800  to  S-W  feet 

From  t^50  to  900  feet 

From  900  to  950  feet 

From  950  to  1,000  feet. . 
From  1.000  to  1,050  feet. 
From  1,050  to  1.100  feet. 
From  1,100  to  1,150  feet. 
From  1,150  to  1,600  feet. 


Section  No.  1. 


o 


9.85 
12.75 
10.66 


9.98 
8.17 
7.18 
7.56 
7.50 
7.48 
7.03 
6.45 
6.36 


i 


4.728 
6,502 
6,120 


6,651 
5,918 
5,  512 
6,093 
6,653 
6,875 
7,020 
6,615 
6,744 


Section  No.  2.   ,  Section  Na  3. 


& 
^ 


)^ 


s 

£ 


<2 

O 

s 


< 


14.05 

13.88 

12.91 

13.53 

13.02 

10.37 

9.81 

8.53 

8.36 


8,148 
8,917 
8,588 
9,649 
10,  008 
8,630 
8,414 
8,001 
8,019 


19.72 
20.19 
18.58 
16.88 
16.  01 
14.77 
13.79 


I  8,875 
10,  775 
10,  425 
10,  421 
110,759 
10,  624 
,10,588 


12.70 

9.60 

12.13 

8.72 


111,307 
I  8,830 

,10,392 


Section  No.  4. 


.a 
o 

s 


^ 


24.0 
22.5 
21.3 
1&6 
17.2 
14.0 
13.6 


Section  No.  5. 


90 

.a 
c 

a 


S 


11,023 
11,  597 
12.20e 
11,365 
11,482 
9,  7851 
11,049 


44.30 
24.99 
22.42 
20.97 
18.60 
14.60 
15.40 
15.03 
12.47 
15.25 


eS 

Urn 
< 


19,307 
12,  088 
12,313 
12,474 
12,  065 
10, 350 
11.  757 
12.429 
11,309 
14,566 


Kl-90    11,916 


10.90 
8.34 


12,076 
11,975 


F    12. 


IMPROVEMENT  OF  THE  APPOMATTOX  RIVER.  VIRGINIA. 

Under  the  appropriation  of  March  3, 1875,  of  $30,000,  a  contract  was 
made  July  1, 1875,  with  Mr.  G.  H.  Ferris  for  dredging,  the  object  being 
to  remove  as  soon  as  possible  the  worst  impediments  to, navigation. 
The  annual  appropriations  have  continued  to  be  but  little  in  excess  of  the 
sum  necessary  for  reparations,  after  the  completion  of  a  definite  plan  of 
improvement.  In  consequence,  the  annual  process  of  operation  has  been 
chiefly  an  effort,  by  resorting  to  the  use  of  the  dredge  promptly,  to  re- 
move the  obstacles  to  navigation  to  be  annually  expected  in  the  unfin- 
ished state  of  the  river,  and  next,  or  simultaneously,  by  the  use  of  the 
remainder  of  the  available  funds  to  make  a  step  forward  as  great  as 
possible  in  the  plan  of  permanent  improvement. 

Under  the  contract  mentioned  above,  about  55,000  cubic  yards  of  ma- 
terial were  excavated  from  the  channel,  as  shown  in  more  detail  in  the 
report  attached  hereto  of  Mr.  H.  D.  Bird.  The  most  of  this  material 
has  been  redeposited  in  the  deeper  portions  of  the  river  below,  a  pro- 
cedure well  known  to  be  vicious,  imposed  by  the  necessity  of  quickly 
and  with  small  means  attaining  the  results  required  by  the  needs  of 
commerce. 

Under  the  second  contract,  dated  December  31,  1875,  an  average 
widening  of  about  20  feet  to  the  Puddledock  Channel  has  been  in  prog- 
ress, which  is  nearly  completed  at  the  date  of  this  report.  This  chan- 
nel will  then  be  about  100  feet  wide  at  high-water,  and  10  feet  deep  at 
mean  low- water. 

Money  statement. 

Amount  available  July  1,  1875 $39,058  03 

Amount  expended  during  fiscal  year  ending  June  30, 1875 31, 444  86 

Amount  available  July  1,  1H76,  including  $1,331.2()  due  on  contracts 7,613  17 

Amount  appropriated  hy  act  approved  August  14,  1876 30, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project,  (see  last 

annual  rei»ort) 113,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     83, 000  00 
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DBEDGING  APPOMATTOX  RIVEB,  VmOIXIA. 


Proposals  at  1.5  p.  m.,  December  20, 1875. 


•  I 


«4 


1 
2 
3 
4 

5 
6 

t 

8 


Name. 


Resideoce. 


G.  H.  Ferris 

Green  &  Saterlee 

E.R.  Seward 

F.Ji.Colton 

C.  J.  DcGraw. ... 
R  T.  Ilieston  . . . . 
H.  £.  Culpepper  . 
M.  F.  Brainard... 


BrookWn.K  Y 

New  York  City,  N.  Y 

Albany,  N.Y 

Philadelphia,  Pa 

Volnoy,  N.  Y 

Waslungton,  D.  C 

Portamoath,  Va 

Albany,  K.  Y 


a15 
Ptes  . 


®  55-2  ®-S 

®  O  p  8  © 


O^nte. 

Cents. 

15  9-10 

63 

54 

25 

40 

22 

24 

20 

20 

19» 

23; 

Contract  awarded  to  Mr.  G.  H.  Ferris,  at  15  9-10  cents  per  cable  yard. 


REPORT  OF  MR.  H.  D.  BIRD,  ASSISTANT  BNGINBKR. 

Petersburg,  Va.,  June  1, 1876. 

Colonel  :  I  have  the  honor  to  sabmit  my  report  of  the  progress  and  condition  of 
this  work  for  the  twelve  months  ending  May  31,  1876. 

In  my  last  report  I  divided  the  improvement  into  3  parts,  as  more  convenient  for 
reference,  and  stated  that  up  to  that  date  the  amoant  of  dredging  done  at  Government 
expense  was  as  follows : 

Feet  long.     Cubic  yards. 

South  Channel 10,800    220,094.46 

Puddledock  Channel 9,200    113,637.61 

Petersburg  Channel 10,500    158,520.65 

Total 30,500    492,252.72 

With  this  dredging  we  obtained  a  channel  40  to  80  feet  wide  at  bottom  and  10  feet 
deep  at  low- water,  where  there  had  been  only  4|  feet  before. 

It  is  proper  to  add,  in  this  connection,  the  information  that  the  Sonth  Channel  is  an 
old  natural  channel  of  the  river,  and  Puddledock  Channel  is  a  new  cut  made  through 
a  swamp  flooded  in  freshets,  connecting  it  with  the  Petersburg  Channel,  the  only  part 
of  the  Old  river  used  in  the  improvement. 

The  dredging  by  Qovernment  was  commenced  September  10, 1871,  and  has  been 
prosecnted  ever  since  as  far  as  the  appropriations  made  by  Congress  would  allow.  On 
the  2l8t  of  June,  1875,  you  received  proposals  for  dredging  52,000  cubic  yards  of  bars 
formed  since  the  commencement  of  the  work,  but  mostly  in  the  Petersburg  Channel, 
(as  you  will  see  below,)  by  the  large  spring  freshets  of  that  year.  The  work  was 
allotted  to  Mr.  G.  H.  Ferris,  of  Brooklyn,  who  was  the  lowest  bidder.  He  commenced 
it  January  17,  1875,  and  completed  the  work  January  10, 1876.  The  amount  of  it  was 
as  follows : 

Yards. 

In  South  Channel 12,002.73 

In  Puddledock  Channel 3,541.00 

In  Petersburg  Channel 34,715. 93 

In  filling  old  piling 4,649.74 

Total  work  done 54,909.40 

The  filling  of  old  piling  was  a  necessity  that  arose  during  the  progress  of  the  work 
the  material  removed  from  bars  was  50,259.66  yards. 

On  the  20th  of  December,  1875,  you  received  proposals  for  dredging  about  100,000 
cubic  yards  from  the  side  of  Puddledock  cut,  *'  to  widen  it  20  feet.''  Mr.  Ferris  was 
again  the  snccessfal  bidder.  He  began  the  work  January  11,  and  up  to  the  1st  of  this 
month  he  had  removed  74,360.65  yards.  It  will  take  him  about  2  months  more  to 
complete  the  contract.  The  cut  will  then  be  60  feet  wide  at  bottom,  about  100  feet 
at  high- water,  and  10  feet  deep  at  low-water.  The  total  dredging  done  during  the  last 
12  months  was  129,270  yards.    The  result  of  the  operation  for  improving  the  river 
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thas  far  shows  that  vessels  drawing  from  10  to  10^  feet  water  have  been  able  to  reach 
the  city  wharves,  whereas  before  the  dredging  was  began  those  drawing  over  7^  feet 
had  to  be  lightened  to  enable  them  to  come  np.  By  reducing  a  few  bars,  formed  by 
recent  freshets,  vessels  drawing  12  feet  can  ascend  to  Petersburg. 

By  the  account  of  material  removed  from  bars,  yon  will  see  that  the  greater  part 
was  taken  from  the  Petersburg  Channel.  These  bars  will  continue  to  form  until  the 
works  you  estimated  for  to  contract  the  channel  are  constructed.  But  this  cannot  be 
done  effectually  with  the  limited  anlonnt  of  appropriations  made  by  Congress.  It  is 
greatly  to  be  regretted  that  they  were  not  larger,  inasmuch  as  they  would  have  given 
the  city  the  full  benefit  of  the  improvement  sooner,  and  have  saved  a  part  of  the  cost 
of  dredging  the  bars. 

The  citv  corporation  has  up  to  this  time  dredged  a  considerable  quantity  of  sand 
from  the  harbor,  and  when  the  works  are  completed  in  the  river  the  benefit  the  citi- 
zens will  derive  from  the  increased  commerce  will  make  it  their  interest  to  keep  the 
bars  dredged  out. 

The  improvement  of  the  Appomattox  River,  though  apparently  a  local  one,  is  in 
reality  of  national  importance.  Before  the  war  all  the  through  transportation  of  the 
great  line  of  railroad  through  Petersburg  to  the  West  and  Southwest,  with  its  ramifi- 
cations through  Tennessee  and  a  part  of  Georgia,  Alabama,  and  Mississippi,  down  U> 
New  Orleans,  was  shipped  at  the  port  of  Petersburg,  City  Point,  at  the  junction  of 
the  Appomattox  with  the  James.  That  transportation  has  now  grown  to  gigantic  di- 
mensions, but  owing  to  extraneous  causes,  and  not  to  any  fault  of  the  port,  it  is  now 
carried  by  rail,  eighty  miles  farther,  to  Norfolk  for  shipment.  With  the  completion  of 
the  Appomattox  improvement  and  the  construction  of  proper  wharfage,  and  other 
facilities  for  transporting  freight,  there  is  no  good  reason  why  this  transportation 
should  not  be  restored  to  its  former  route. 

The  whole  country  using  this  railroad-line  is  now  taxed  to  support  the  60  miles 
of  road  between  Petersburg  and  Norfolk.  In  my  report  to  you  of  1872,*  I  ascertained 
from  the  railroad  report  the  amount  that  the  through-freight  paid  the  company  that 
year.  It  was  $213,313.  It  must  have  increased  materially  since.  This  great  tax  ia 
still  a  yearly  one  on  the  internal  trade  of  the  country,  and  it  can  be  saved  by  the  com- 
pletion of  the  Appomattox  River  improvement. 
Respectfully,  your  obedient  servant, 

H.  D.  Bird, 
Assiatant  Engineer. 

Col.  Wm.  p.  Craiohill, 

Major  Corps  of  Engineers,  U,  S.  A. 


F  13. 

IMPROVEMENT  OF  THE  CAPE  FEAR  RIVER,  NORTH  CAROLINA. 

The  channel  behind  the  Horseshoe  Shoal,  near  "Sew  Inlet,  has  been 
increased  in  dimensions  by  dredging. 

The  width  has  been  broaght  from  100  to  about  190  feet,  and  the  depth 
at  low- water  from  9  to  aboat  12  feet.  This  work  was  completed  in  the 
latter  part  of  April,  1876,  under  contract  by  Curtis  &  Fobes. 

On  the  6th  of  August,  1875,  proposals  were  received  for  a  structure 
the  object  of  which  was  to  contract  the  outflow  at  New  Inlet.  Several 
plans  were  suggested  of  accomplishing  this  result  in  part  or  in  whole. 
The  amount  of  funds  available  limited  the  work  to  a  structure  made  of 
pine  logs,  brush,  and  stone,  taking  the  form  of  an  apron  on  the  bottom 
of  the  inlet  4  feet  high,  with  a  base  varying  from  40  to  70  feet. 

A  contract  was  made  August  25,  1875,  with  Bangs  &  Dolby.  They  ■ 
worked  energetically  and  successfully,  and  completed  the  apron  from 
the  end  of  the  crib-jetty  at  Federal  Point  to  Zeke's  Island,  a  distance  of 
over  4,000  feet,  between  October  7, 1875,  and  June  2, 1876.  The  con- 
struction of  this  apron  and  the  dredging  of  the  channel  behind  the 
Horseshoe  Shoal  were  intended  to  be  supplementary  to  each  other,  and 
together  form  an  important  part  of  the  plan  of  improvement  which  looks 

*  Report  of  Chief  of  Engineers,  1873-'73,  page  693. 
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to  an  increased  depth  of  water  in  the  old  mouth  of  the  river  at  the  Bald- 
head  entrance,  by  partial  or  entire  closure  of  New  Inlet,  and  the  conse- 
quent diversion  of  much  water  to  the  old  mouth. 

With  the  same  object  of  hastening  the  deepening  of  the  Bald  Head  Bar, 
the  suction-dredge  Woodbury  was  operated  there  until  the  condition  of 
her  boiler  and  machinery  required  her  withdrawal,  at  the  end  of  January, 
1876.  She  has  since  been  idle,  as  funds  could  not  be  used  for  her 
repair. 

The  river  was  obstructed  during  the  late  civil  war  by  the  confederate 
authorities  at  a  point  about  3  miles  below  the  city  of  Wilmington.  The 
removal  of  these  obstructions  was  begun  in  July,  1875,  and  completed 
over  a  length  of  about  1,500  feet  in  August,  so  as  to  give  a  depth  of  12 
feet  over  them  at  Jlow-water,  which  is  the  minimum  expected  to  be  at- 
tained at  this  stage  of  the  improvement  from  Wilmington  to  the  ocean 
over  all  obstructions  to  navigation. 

After  completion  of  the  Horseshoe  Channel,  one  dredge  was  engaged 
a  few  days  at  the  shoal  near  Campbell's  Island,  and  clearing  the  channel 
near  the  east  jetty  next  below  Brunswick  Eiver.  The  depth  aimed  at 
and  attained  here,  as  elsewhere,  has  been  about  12  feet  at  low-water, 
equal  to  16  or  16^  feet  at  high-water. 

Surveys  have  been  continued  under  the  special  charge  of  Mr.  C.  P. 
Bolles,  having  for  their  object  such  a  delineation  of  the  hydrography 
and  topography  as  will  enable  comparison  to  be  made  of  the  present 
with  the  former  condition  of  the  river,  as  well  as  to  detect  any  points 
where  further  improvement  may  be  needed,  and  to  give  a  basis  upon 
which  to  predicate  the  estimate  of  the  cost  of  any  work  which  may  in 
the  future  be  required. 

Since  January,  1876,  the  immediate  supervision  of  this  improvement 
has  been  committed  to  Mr.  H.  Bacon,  succeeding  Capt.  C.  B.Phillips,  who 
has  been  in  charge  from  1872,  inclusive. 

Keference  is  requested  to  the  report  for  the  year  of  Mr.  Bacon,  hereto 
appended,  as  well  as  to  the  historical  sketch  prepared  by  Captain  Phil- 
lips, at  my  request. 

Money  statement 

Amount  available  July  1, 1875 J211,287  43 

Amount  expended  during  fiscal  year  ending  June  30, 1876 188, 564  71 

Amount  available  July  1, 1876,  including  $9,444.46  due  on  contracts 22, 722  72 

Amount  appropriated  by  act  approved  August  14, 1876 132, 500  00 

Amount  (estimated)  required  for  completion  of  existing  project,  (see  last 

annual  report) 210,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  77, 500  00 
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Statement  of  the  prinoipdl  articUe  of  produce  and  manufacture  exported  from  the  port  of 
Wilmington,  N.  C^for  the  year  ending  December  31, 1875,  ae  compiled  from  the  reports  of 
the  Daily  Journal,  and  compared  with  those  for  the  years  1874, 1873,  and  1872, 

COASTWISE. 


• 

Destination. 

Bales  of  cotton. 

Casks  of  spirits  of 
tarpeutine. 

• 

a 

o 
c 

1 

& 

143,029 

27.652 

12,037 

4,  i^lO 

10 

1 

CM 

o 

1 

1 

Barrels   of    cmde 
tnrpentine. 

• 

t 

■a 

1 

i 
a 
5 

Juniper  bolts. 

New  York 

43, 746 

5,645 

3,691 

41 

8,591 

8,29t' 

1,051 

602 

17 

14.  745 

7, 039 

2,230 

6,  426 

100 

7  150 

9V> 

131,  023 

1,  085,  138 

792,906 

t 

1, 585, 250     21, 787 

Baltimore 

1,  *UW|             — ^« 

2501  Q  OR-^i 

Philadelphia 

433 
125 

1,040 
532 

87 

1,435,350     55,10!^ 
q09.600, 

Boston 

Bath 

636, 154 
350,811 
342,065 
181.321 
255,000 
141,  650 

Kichmond 

..........|. ....... 

..........1- 

Thomaston 

Backsi>ort 

Provl^nco 

Burlington 

Total  coastwise,  1875 

•  Total  coastwise,  1874 

Total  coastwise,  1873 

Total  coastwise,  1872 

.W,  123 
55,621 
35, 016 
46, 747 

18,559 
42,83b 
42,283 
59, 410 

186, 938 
309, 959 
342,  499 
423, 394 

30,540 
47,829 
41,030 
32,368 

7,958 
14, 945 
14,520 
11,558 

3.994 
7.316 
8,244 
7,072 

3,916,066 

9,098,295 

12,  .597, 597 

16,  553,  746 

3,330, 200 
5, 432,  408 
3,960,580 
3, 323,  795 

76,889 
110, 476 

FOREIGN. 


Liyerpool 

London 

Amsterdam 

Rotterdam 

Bristol 

Granton 

United  Kingdom 

Antwerp 

Dordrecht 

Ham'burg 

Greenock 

Stettin 

Glasgow 

Santuigo  de  Cuba 

HnU 

CapeHaytien 

Cardenas 

Aux  C$iyes 

Cork  or  Falmoath 

Ponce  

Havti 

Belfast 

Jacmel 

Martinique 

St,  Pierre 

Bahamas 

Demerara 

Georgetown,  Yucatan. 

Surinam... 

Crenstadt 

Laguayra 

Porto  Rico 

Matanzas 

Barcelona 

Port  an  Prince 

Havana 

Newcastle 

Bremen 


Total  foreign,  1875 
Total  foreign,  1874 
Total  foreign,  1873 
Total  foreign,  1872 


15,839 


1,075 


1,226 


18,140 

4,697 

34 

707 


5,708  38,460 
25,362!  38,457 
4,196 
48, 492 
20,844 
18,222 
225 
91,  612 
2,500 
33,005 


6,193 
6,119 


1,727 
7,398 


3,775 


6,075 


200 


1 
"14,095 


100 


24 


5 
600 
500 


77,882 
&3,087 
88.953 
77, 969 


10,180 
39,072 


3,182 

7 

53 


800 


4,056 


3,600 

310 

5 

101 

1,075 


998 
1,060 
2,000 


291,  812 
379,  330 
347, 652 
196,666 


9,034 


339 


10 


2,121 
1,266 


3,881 

2 

109 


75 
75 


12 
50 


50 


16,619 

20,799 

4,296 

4,918 


339 
650 
735 
950 


2 

90 


50 


35 


182 
167 
180 
275 


134.385 


65,000 
630.368 
161,000 


468,551 
961, 149 


227,760 
182,518 
322,000 
38, 000 
548, 678 


133,000 


383,606 
969,606 

47,828 


631, 092 


5, 904. 541 
4, 231, 030 
6,  920, 171 
6,  710, 436 


150,000 


238,400 


30,000 
336,000 


70,000 


330,000 
27,000 


215,600 


462,000 


1,859,000 
3, 087,  805 
2, 378, 256 
1, 534, 439 


GRAND  TOTALS. 


Total  coastwise  and  foreign,  1875 
Total  coastwise  and  foreign,  1874 
Total  coastwise  and  foreign,  1873 
Total  coastwise  and  foreigo,  1872 


71,263 
67. 518 
1^9.650 
47, 454 


47, 159 
6d,  619 
4.%  326 


8,297 
15, 595 


4,176'  9,820,607 
7,48314,229.325 


15,255   8,16419.517.768 


37, 287  12, 508   7, 347  23, 264, 152 


5.189,200 
8, 520, 213 
6, 338,  8:)6 
4,  868,  234 


76,889 
110, 476 
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Statement  of  the  jprincipal  articlee  of  produce  and  manufacture  exported  from  the  port  of 
Wilmingtan,  N,  C,  for  the  year  ending  December  31, 1875,  ^c. — Continaed. 

COASTWISE— Oontinned. 


Bestinatioa. 

.5 

9 

i 

9 

1 
1 

86 

8 

•s 

1 
g 

Bundles  of  paper- 
stock. 

Packages  of  mer- 
c&udise. 

1 

a 

•g 

1 

1 

O 
703 

«  «  •  • 

36 

I 

o 

15 
210 

i 

o 
'776 

• 

i 
s 

n 

28 
54 
16 

3' 

■ 

M 

so 
"3 

New  York 

16,937 

20,083 

4,118 

'"'"ie 

1.321 

7,426 

4 

825 
914 
102 

1,122 
426 
171 

25 
907 
328 

920 
812 
252 

42 

Baltimore 

2 

Philadelphia 

Boston - 

Bath 

Kichmond 

Thomaston 

Bocksport 

ProvideDce - 

Barlington 

739 
127 

225 
376 

770 
717 

98 
13« 

■  •  •  " 

Total  coastwise,  1875 

46,138 
33,562 

1,340 

7.430 

1,841 
332 

1,719 
2,353 

1,260 

1,095 

497 

48 

1,984 
2,375 
2,356 
1,218 

44 

Total  coastwisei  1874 

825'  4.714 

285 

Total  coastwise,  1873 

Total  coastwise.  1872 

FOREIGN— Continued. 


Lii  verpool 

London  

Amsterdam 

Rotterdam 

Bristol 

Gran  ton 

United  Kinsdom 

Antwerp 

I>ordrecnt 

Hamburg 

Greenock 

Stettin 

Santiain)  deCnba 

Hull 

Cape  Havtien 

Cardenas 

Aux  Caves 

^ 

Cork  or  f*almouth 

Ponce 

Havti 

...... 

Belfast 

.... 

Jacmel 

-. 

Martinique 

St  Pierre 

Demerara 

Ge'M'setown.  Yucatan 

Surinam - 

Cronstadt 

T«ainiavra 

Porto  Rico - 

...... 

' ' 

Barcelona 

Port  an  Prince 

5,006 

Havana 

Newcastle.  - 

Bremen ... 

1... 

1 

Total  foreisn.  1875 

Total  foreini.  1874 

33,565 

26 

3 

Total  foreifm.  1873 

Total  foreiin.  1873 

GRAND  TOTALS— Continued. 


Total  coastwise  and  foreiipi,  1875 , 
Total  coastwise  and  foreign,  1874 
Total  coastwise  and  foreign,  1873 
Total  coastwise  and  foreign,  1872 


41,138 
43,563 


1,340 
825 


7,430 
2,714 


1,841 
332 


1,719 
2,353 


1,266 
1,121 


1.984 
2,378 
497!  2,356 
48   1,258 


739 
127 


225 
376 


770 
717 


98 
138 


44 

285 
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Statement  of  the  principal  articles  of  produce  and  manufacture  exported  from  the  port  of 
Wilmingtonf  N,  C.^for  the  year  ending  December  31, 1875,  ^o.— Continaed. 

COASTWISE— Continued. 


Destination. 

• 
00 
9* 

c 
s 
pq 

• 

o 

oe 
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97 

Tons  of  iron  and  ', 
ores. 

■ 

to 

Of 

t 

oe 
o 

1 

o 

00 

1 

48 

1 

16 

Wg 

Casks  of  rice. 

Bricks. 

of 

1 

34 

27 

a 

S 

164 
60 

Hogsheads  of  pipe- 
stems. 

New  York 

54 

210 

6 

508 

45 

111 

62 

151 

Baltimore - 

434 

854 

6 

24 

Philadelphia 

a 

Boston 

Bath 

Richmond 

t 

Thomaston 

Backsport 

Provioenoe 

Burlinflrton 

246 
399 

65 
120 

63 

224 

Total  coastwise,  1875 

270 
3,570 

664 
8,741 

...... 

1,350 
3,111 

157 

298 

34 

Total  coastwise.  1874 

Total  coastwise.  1873 



Total  coastwise,  1872 

1 
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—Continued. 

lii vemool . 

LiOndon ......... 

Amsterdam  ................................ 

Rotterdam 

Bristol  

Granton 

United  Kingdom 

...... 

A^ltWerp ..rrr........r. 

Dordrecht 

Hambur&r 

Greenock 

m        ■   ■  ■ 

Stettin 

Glasifo  w 

Santiago  de  Cuba 

....•• 

Hull... '.'■'.. I. '..'.'.;!"".";";^".'. 

Gape  Havtien 

Cardenas • 

511 

Aux  Caves 

Cork  or  Falmouth 

Ponce ............................... .... 

...... 

Hayti 

Belfast 

Jacmel 

Martiniane...... 

St  Pierre 

Bahamas 

Demorara .................................. 

Georeetown.  Yucatan 

Surinam 

Cronstadt 

Laf^uayra 

Poi*to  Rico -. 

Mat'ftnzas .^s . ... 

2.650 

Barcelona 

Port  au  Prince : 

8,090 

Havana 

9,463 

Ne  woastlo' 

Bremen... 

12, 113 
22,  898 

Total  foreiirn.  1875 

511 

150 

8,090 

Total  foreiirn.  1874 

Total  foreiirn.  1873 

.... 

Total  foreiffu  1872 

...... 

...... 

GRAND  TOTALS 

—Continued. 

Total  coastwise  and  foreign,  1875 

Total  coastwise  and  foreign,  1874 

Tntjkl  nonstwlse  and  fon>i<m.  1H73. . .... 

970 
3,570 

246 
399 

664 
8,741 

12,113 

22,898 

65 
175 

1,861 
3,261 

157 
298 

8,090 

63 

324 

94 

Total  coastwise  and  foreisn.  1872 

, 
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JStaiement  of  the  principal  artiolea  of  produce  and  mant^acture  exported  from  the  port  of 
WilmingUmj  N,  C,  for  the  year  ending  December  31, 1875,  |f*c. — Continued. 

an  A  ST"TOTSF nAnHnnAil 


COASTWISE— Continued. 


Destination. 


New  York... 
Baltimore  ... 
Philadelphia. 
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o 
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1 
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CD 
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It 
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20 
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ii 
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3961    12 
42 


3 

I 
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Total  coastwise,  1875 
Total  coastwise,  1874 
Total  coastwise,  1873 
Total  coastwise,  1872 


12 


186 
617 


49 
145 


39 
683 


156 
133 


172'        31 
568   1,609 


40 
714 


438 


12 


FOREIGN— Continued. 

Liverpool 

1 

liondon 

A  m  sterdam 

Kotterdam 

Bristol 

Oranton 

United  Kingdom 

Antwerp 

Dordrecnt 

Hamburg 

Greenock _ 

* 

Stettin 

Glasgow 

Sanfeiaeo  de  Cuba 

... 

Hull... 

... 

Cape  Haytien 

. . .  • 

Cardenas 

•*«•«• 

Aux  Cayes ,.... 

Cork  or  Falmouth 

Ponce 

Havti    

Beffast 

«Tacmel 

Martinique 

St.  Pierre ^ 

Bahamas 

Demerara 

Georgetown,  Yucatan 

Surinam 

Cronstadt 

Ijaguayra 

Porto  Rico 

Matanzas 

Banselona - 

Port  au  Prince 

Havana 

Newcastle 

Bremen 

Total  foreign,  1875 

ToUl  foreign,  1874 

Total  foreign,  1873 

Total  foreign,  187S 

* — 

1 

1 

GRAND  TOTALS— Continued. 

Total  coastwise  and  foreign,  1875 

Total  coastwise  and  foreign,  1874 

12 

186        49 
617.      145 

39 
683 

156 
133 

172 

568 

31 
1,609 

40 
714 

438 

12 

400 

Total  coastwise  and  foreign,  1873 

Total  coastwise  and  foreign,  1872 

Note.— Below  we  give  the  exports  ftx)m  this  city,  via  Wilmington  and  Weldon  Railroad,  which  have 
sot  been  noted  in  our  columns,  and  which  should  be  added  to  the  totals  "coastwise,"  as  also  to  the  "  grand 
totals  "  for  1875 :  Bales  of  cotton,  3,969 ;  Basks  of  spirits  of  turpentine,  183 ;  barrels  of  rosin,  1,094 :  bar- 
rels  of  tar,  490 ;  barrels  of  crude  turpentine,  100 ;  barrels  of  pitch,  50 ;  bushels  of  pea-nuts,  4,954  ;  bales 
of  cotton  goods,  461 ;  bales  of  yam,  58 ;  packages  of  paper-stock,  101. 
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Abstract  of  bids  for  building  an  apron  at  the  New  Inlet,  Cape  Fear  River,  North  Carolina 

opened  August  6,  1875,  at  12.f>  p.m. 


o 
}Z5 


4 

5 


Name. 


Bangs  &  Dolby 


M.  A.  Bryson  . 

BoBB&Drane. 

C.  J.Degraw.. 
F.H.  Smith... 


Nature  of  work  and  price. 


For  apron,  first  920  feet  from  Federal  Point,  $33  per 
linear  foot;  next  1,550  feet,  $18.28  per  linear  foot ;  next 
1,715  feet,  |84  per  linear  foot ;  first  rise  on  section  1, 
$6.90  per  linear  foot ;  first  rise  on  section  2,  $4.95  i>er 
linear  foot ;  first  rise  on  section  3,  $7.20  per  linear  foot. 
All  additional  rise  pro  rata.  Will  construct  an  apron 
and  maintain  it  while  constructing  for  $120,000. 

WiU  close  New  Inlet  to  low-water  mark,  and  guarantee 
the  same  for  one  year,  for  $188,000. 

For  apron,  $20.90  per  linear  foot 

For  apron,  maintained  to  4  feet  above  present  bottom, 
$34  per  linear  foot. 

Will  close  New  Inlet  for  $205,000 

Will  close  New  Inlet,  for  first  plan,  $346,000 

for  second  plan,  $250,000 

for  third  plan,  $250,000 

For  apron,  $20  per  linear  foot 

Foreaoh  additional  foot  in  height,  $4 

Will  close  New  Inlet  for  $164,000 

For  apron,  $37  per  linear  foot 

First  foot  in  height  above  4  teet,  $9  per  linear  foot 

Second  foot  in  height  above  4  feet,  $8  per  linear  foot 


Remarks. 


Work  guaranteed  for 
one  year.  Drawings 
accompany  bid. 


Work  not  guaranteed. 
Work  guaranteed. 

Work  not  guaranteed. 
Work  not  guaranteed. 
No  guarantee  to  bid. 
Drawings    accompany 

bid. 
Work  not  guaranteed. 
No  Drawings. 

Work  not  guaranteed. 
Drawings    accompany 
bid. 


Contract  with  Messrs.  Bangs  &,  Dolby. 


report  of  mr.  henrt  bacon.  assistant  engineer. 

Improvement  of  Cape  Fear  River,  N.  C, 

United  States  Engineer  Office, 

Smithville,  N,  C,  July  1, 1876. 

Major  :  I  have  the  honor  to  sabmit  the  following  report  of  operations  in  the  im- 
provement of  Cape  Fear  River  during  the  year  ending  June  30, 1876: 

The  work  was  auder  the  immediate  supervision  of  Capt.  C.  B.  Phillips,  Corps  of  En- 
gineers, till  January  18, 1876,  when  he  was  relieved  for  other  duty,  and  its  superintend- 
ence assigned  to  nie. 

The  work  done  has  embraced  the  initial  step  for  closing  the  New  Inlet,  consisting  of 
an  a'pron  of  timber,  brush,  and  stone,  4  feet  in  thickness  and  from  40  to  70  feet  wide, 
extending  entirely  across  the  opening  from  the  Federal  Point  jetty  to  Zeke's  Island. 

The  deepening  and  widening  the  cut  behind  the  Horseshoe  Channel,  near  Snow's 
Marsh,  to  12  feet  deep  at  mean  low- water,  and  190  feet  width. 

The  working  of  the  suction-dredge  Woodbury  on  the  sand  shoal  near  the  upper  end 
of  the  Horseshoe  cut  from  July  1  to  August  9,  1875,  and  on  the  Bald  Head  channel 
from  August  11,  1875,  to  February  1,  1876. 

The  removal  of  the  confederate  obstructions  below  Wilmington,  near  Brunswick 
River.    The  two  lines  removed  aggregate  about  1,500  feet  length.    After  completion 
of  the  dredging  at  the  Horseshoe  cut,  one  machine,  with  tow-boat  and  scows,  was  em- 
ployed 12  days  (120  hours)  dredging  a  channel  across  the  shoal  near  Campbell's  Isl- 
and, and  clearing  the  channel  near  the  east  jetty  next  below  Brunswick  River. 

Surveys  of  the  river  begun  last  year  have  been  continued,  embracing  the  vicinity 
of  Snow's  Marsh  and  the  new  Horseshoe  cut,  and  from  Campbell's  Island  to  some  dis- 
tance above  Brunswick  River«  The  maps  from  these  surveys  have  been  finished.  A 
general  map  irom  Federal  Point  to  Bald  Head  Channel  is  nearly  finished.  It  will  show 
the  various  changes  of  the  shore  lines,  &c.,  which  have  occurred  during  the  last  24 
years,  especially  at  Bald  Head,  Zeke's  Island,  and  Federal  Point. 

Results  of  the  work  during  the  ^ear :  The  apron  at  the  Hew  inlet,  consisting 
of  a  layer  of  round  timber  1  foot  m  thickness,  closely  rafted,  and  from  8  inches 
to  1  foot  in  thickness  of  brush  on  the  same,  and  stone  to  make  the  whole  thickness  4 
feet,  has  been  successfully  laid,  beginning  at  the  end  of  FederiJ  Point  jetty  and  termi- 
nating at  Zeke's  Island,  at  the  site  of  the  Woodbury  wharf,  a  distance  of  4,352  feet. 

The  work  has  been  done  by  Messrs.  Bangs  &  Dolby  under  the  contract  dated  Sep- 
tember 6, 1875. 

They  have  exhibited  energy  and  skill  in  the  prosecution  of  the  work.  The  first  mat- 
tress was  placed  October  7, 1875,  and  the  last  June  2, 1876.  The  stone  filling  was  com- 
'^'^^ted  June  17. 
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The  mattresses,  of  which  the  foandatiou  of  the  apron  was  composed,  were  mostly 
about  36  feet  in  width,  with  length  corresponding  to  the  breadth  of  the  apron — the 
timber  always  lying  transversely  with  the  apron. 

They  were  held  by  anchors,  and  sunk  in  position  by  being  weighted  with  stone.  After 
being  snnk,  the  required  amount  of  stone  was  placed  on  the  work. 

During  the  progress  of  the  work  there  has  been  a  tendency  to  scour  the  foundation 
just  ahead  of  the  apron  as  laid,  so  that  the  bottom  of  the  foundation  averages  fully  S 
feet  below  the  original  site.  Tliis  is  advantageous  for  permanent  security.  Scouring 
has  occurred  on  both  sides  of  the  apron  since  placed  to  a  distance  of  100  to  150  feet  or 
more,  so  that  there  is  now  an  irregularly  defined  channel  on  each  side,  parallel  to  the 
apron,  the  deepest  portions  being  usually  from  30  to  60  feet  from  it  and  averaging  3^ 
feet  below  the  bottom. 

The  scouring  is  not  adjacent  to  the  aprons,  excepting  in  a  few  instances.  In  many 
cases,  sand  has  accumulated  partly  over  the  apron.  There  has  been  a  remarkable 
accumulation  of  sand  over  the  apron  at  its  junction  with  Zeke's  Island  since  it  wa» 
laid.  The  sand  has  followed  it  and  closed  over  it  for  a  distance  of  175  feet,  thus  ex- 
tending the  beach  and  island  toward  Federal  Point. 

On  the  whole,  the  result  shows  the  superiority  of  the  method  of  mattresses  for  the 
foundation  of  the  dike.  There  is  a  good  prospect  of  permanence  of  the  foundation 
as  now  laid.  As  the  work  proceeds,  it  will  probably  be  found  advisable  to  increase 
the  width  of  foundation  in  many  places  and  perhaps  to  construct  jetties  of  timber,, 
brush,  and  stone,  perpendicular  to  the  dike,  especially  on  the  river-side. 

The  apron  has  been  laid  in  three  lines,  or  sections — the  outer  angles  to  the  river- 
side. The  first  section  is  920  feet  in  length  and  averages  53  feet  in  width.  The  second 
is  1,588  feet  long  and  has  an  average  width  of  42i  feet;  the  third  section,  extending  to 
Zeke's  Island,  is  1,844  feet  long  and  60  feet  wide. 

The  condition  of  the  old  works  along  Zeke's  Island,  and  connecting  it  with  Smith's 
Island,  is  favorable. 

There  has  been  a  very  large  accretion  of  sand  nearly  the  whole  length,  and  especially 
at  the  northerly  portion  of  Zeke's  Island. 

The  old  works,  near  their  juncture  with  Smith's  Island,  have  apparently  been  more 
exposed  by  abrasion  on  the  sea-side,  where  abrasion  and  accretion  have  alternatively 
occurred. 

At  the  present  time  the  work  is  safer  than  ever  before,  because  the  action  of  the  sea 
has  transferred  a  large  amount  of  sand  over  the  works  to  the  bay-side,  where  there 
was  before  a  considerable  depth  of  water,  and  now  a  wide  bank  of  sand  is  fast  coming 
up  to  and  above  ordinary  high-water. 

The  sand  on  the  sea-side  has  covered  the  w(»rks  safely  from  the  ravages  of  the 
worms. 

The  swashes  across  the  low,  narrow  part  of  Smith's  Island,  about  3  miles  below  the 
head,  are  entirely  closed  by  the  natural  action  of  the  sea,  as  should  be  expected,  from 
their  coming  into  very  shoal  water  on  the  river-side  at  3  miles  distance  from  the  chan- 
nel, from  a  wide  sandy  beach  on  the  sea-side. 

The  cut  behind  the  Horseshoe  channel  is  a  great  improvement.  It  is  now  in  general 
use.  The  old  channel  is  neglected.  The  new  channel  gives  nearly  or  quite  2  feet 
greater  depth  of  water,  and  has  the  very  obvious  advantage  of  straightness.  The  ten- 
dency to  shoal  at  the  upper  end,  where  the  ebb-tide  sets  across  it  toward  the  New  Inlet, 
has  decreased  since  the  completion  of  the  cut.  It  will  not  be  wholly  cured  till  the 
New  Inlet  is  closed.  The  flood-tide  sets  directly  through  the  channel  from  end  to  end. 
The  work  has  been  done  by  Messrs.  Curtis  &  Fobes,  under  the  contract  dated  June 
21, 1875.     It  was  beeun  August  9,  1875,  and  completed  May  13, 1876. 

The  mat/orials  dredged  and  removed  from  the  cut  during  the  year  amount  to  283,530 
cubic  yards,  being  mostly  mud,  with  slight  intermixture  of  sand,  compact  sand  pre- 
dominating for  about  i  mile  at  the  upper  end.  The  cut  is  about  li  miles  in  length. 
There  are  no  other  symptoms  of  deterioration. 

There  seems  to  be  no  material  deterioration  of  the  Bald  Head  channel  since  July  1, 
1875. 

No  work  has  been  done  on  it  since  February  1, 1876,  yrheu  the  suction-dredge  ceased 
operations.     There  still  remains  a  good  channel  of  11  or  11^  feet  depth  at  mean  low- 
water.    It  has  moved  slightly  to  the  westward  since  February  1,  as  it  was  inclined  to 
do  before. 
The  depth  is  somewhat  variable,  as  the  bar  is  composed  of  shifting  sand. 
It  is  not  probable  that  a  reliable  and  permanent  cliannel  will  be  obtained  till  the 
full  effect  of  the  tidal  current  is  secured  by  closing  the  New  Inlet.    The  efficiency  of 
the  work  already  done  at  Smith's  and  Zeke's  Islands  and  the  New  Inlet,  in  improving 
the  natural  channel,  seems  already  demonstrated. 

The  suction-dredge  Woodbury  has  been  laid  up  since  February  1.  The  boiler  is  old 
and  in  bad  condition,  and  not  worth  repairing.  The  hull  is  badly  worm-eaten,  and, 
although  she  has  been  temporarily  repaired  with  l^inch  plank  sheathing  during  the 
post  year,  it  is  not  advisable  to  put  in  a  new  boiler  without  thorough  repairs. 
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The  engines,  pamps,  and  other  machinery  are  in  reasonably  good  order. 

With  thorough  repairs  and  a  large  new  boiler  there  would  i>e  no  doabt  of  her  effi* 
<;iency.    This  method  of  dredging  is  no  longer  an  experiment. 

The  beaoh  at  Bald  Head  has  daring  the  year  gradually  worn  away  from  100  to  150 
feet  width  on  the  west  side  of  the  point. 

There  has  been  a  large  accretion  of  sand  at  the  north  point,  which  is  extended  north- 
ward about  200  feet,  with  the  usual  hook-shape.  There  has  been  no  notable  change  at 
the  Oak  Island  shore  at  the  entrance. 

The  completion  of  the  new  Horseshoe  Channel  and  the  few  days'  work  near  Camp- 
bell's Island  secure  a  present  depth  of  12  feet  at  mean  low-water  from  Wilmington  to 
Bald  Head  Channel,  with  a  fair  prospect  of  permanence,  or  small  requirement  for  re- 
pairs. Closing  the  New  Inle%  will  assure  a  permanent  channel  at  the  entrance,  and 
the  preservation  of  the  new  Horseshoe  Channel. 

PROBABLE  OPERATIONS  FOR  THE  COMING  FISCAL  YEAR. 

It  is  assumed  that  the  objective  result  desired  is  the  closing  of  New  Inlet. 

True  economy  requires  that  the  full  amount  of  funds  required  for  the  completion  of 
the  work  to  low-water  mark  should  be  made  available  during  the  year. 

If  $100,000  or  more  be  appropriated,  I  would  recommend  its  expenditure  mostly  at 
New  Inlet,  in  widening  and  raising  the  foundation  already  laid,  and  extending  the 
dike  gradually  from  Zeke's  Island  and  Federal  Point  as  fast  as  the  accretions  of  sand 
will  follow,  and  cover  the  work  to  the  mean  high- water  mark,  and  deep  scouring  at 
the  end  of  the  completed  work  be  thus  avoided.  From  past  experience,  it  is  probable 
that  scouring  will  occur,  which  will  endanger  the  foundations  nnless  they  are  thor- 
oughly secured  and  widened.  It  will,  therefore,  be  best  to  widen  the  foundations 
when  needed,  and  gradually  raise  the  dike  to  low-water  mark,  keeping  careful  watch 
and  record  of  effects,  so  as  to  demonstrate  the  proper  method  of  procedure. 

On  account  of  the  great  destructibility  of  wood  and  brush  by  worms,  it  is  considered 
best  to  form  the  dike  of  stone  (riprap)  above  the  foundation  mattresses,  giving  its 
sides  the  necessary  slopes. 

The  present  design  is  to  make  the  slope  on  the  sea-side  2  horizontal  to  1  vertical, 
and  1  to  1  on  the  river-side,  and  the  top  width  16  feet  at  low-water.  It  is  estimated 
that  62,000  cubic  yards  of  stone  will  be  required  in  widening  and  securing  the  founda- 
tion and  raising  the  dike  to  low-water  mark. 

At  least  16,000  cubic  yards  of  stone  will  be  required  to  raise  the  dike  to  3  feet  above 
high-water  mark,  the  amount  depending  on  the  accretion  of  sand,  which  may  be  ex- 
X)ected  to  give  security  to  the  work  as  its  completion  proceeds. 

The  prospect  of  accretion  is  much  better  on  the  sea-side  than  on  the  other  side, 
which  will  be  exposed  to  tidal  currents  not  likely  to  leave  deposits,  excepting  for  a  ehort 
•distance  at  each  end.    Deposits  may  be  encouraged  by  inexpensive  perpendicular  jet- 
ties, as  before  suggested.    While  the  new  inlet  is  being  closed  the  operations  of  nature 
should  be  assisted  in  closing  the  channel  at  the  mouth  of  the  river. 

I  would  recommend  putting  the  suction-dredge  Woodbury  in  thorough  repair,  and  in 
operation  on  the  Bald  Head  Channel. 

Careful  surveys  and  examinations  of  the  New  Inlet  work  and  vicinity,  and  also  of  the 
new  Horseshoe  Channel  and  the  bars  at  the  mouth  of  the  river,  will  be  continued. 

A  series  of  shnultaneous  tidal  observations  at  several  points  in  the  river,  including 
Bald  Head,  Smithville,  Snow's  Marsh,  Zeke's  Island,  Federal  Point,  Orton  Creek,  and 
-Campbell  Island,  already  begun,  will  be  continued. 

The  results  are  not  fully  developed.  One  purpose  is  to  make  a  record  of  present  tidal 
movements  to  compare  with  tidal  observations  which  may  be  taken  after  tne  New  Inlet 
is  closed. 

A  study  of  the  few  observations  thus  far  made  proves  the  disturbing  action  of  the 
New  Inlet. 

There  is  no  regularity  as  to  the  comparative  time  of  high  and  low  water  at  Bald  Head 
and  New  Inlet.  It  varies  at  times  nearly  an  hour  each  way,  with  no  apparently  ade- 
•quate  cause  from  force  of  winds.    The  time  is  most  apt  to  be  simultaneous. 

The  range  of  the  tide  is  always  less  at  the  New  Inlet  than  at  the  mouth  at  Bald 
Head.  The  average  difiference  so  far  observed  is  about  9  inches.  This  is  complicated 
with  the  variations  in  time,  and  the  results  are  curious  and  beyond  definite  solution 
and  computation. 

The  en  trance- tides  are  much  the  greatest  in  bulk  and  ultimate  force,  bat  meet  with 
great  disturbance  from  the  inlet. 

The  first  flood  of  the  inlet  joins  the  main  ebb  and  runs  with  great  force  around 
"Zeke's  Island  toward  the  mouth,  till  met  by  the  main  flood,  which  forces  it  back  gnid- 
ually  till  toward  the  close  of  the  main  flood,  when  that  in  turn  runs  with  great  force 
out  of  the  inlet  with  the  first  of  the  inlet  ebb,  while  the  main  flood  is  still  flowing  past 
«nd  above.    In  this  case  the  currents  near  the  central  portion  of  the  apron  are  north- 
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ward  and  nearly  parallel  to  it,  sometimes  crossing  it  near  Zeke's  Island,  and  recross- 
ing  toward  Federal  Point. 

When  the  main  current  tarns,  this  state  of  things  is  to  some  extent  reversed,  and 
the  currents  along  the  apron  are  southerly. 

At  nearly  all  stages  of  the  tide  there  is  a  rush  of  water  in  or  out  of  the  inlet  of  vari- 
ons  velocity,  up  to  6  miles  or  more  per  hour. 

In  short,  the  effect  of  the  New  Inlet  is  to  retard  and  then  empty  a  portion  of  tho 
main  flood,  and  thus  prevent  its  filling  the  reservoir,  and  also  in  a  similar  manner  to 
retard  the  main  ebb  and  add  to  its  volume  at  the  critical  time  of  meeting  the  main 
flood  from  the  mouth. 

These  effects  more  than  counterbalance  the  aid  of  the  inward  and  outward  flow  at 
the  inlet,  in  tilling  and  emptying  the  reservoir. 

From  a  study  of  the  observations  thus  far  made  and  recorded,  and  very  frequent 
personal  observation  of  the  tidal  motions  at  the  inlet,  and  from  past  experience,  ob- 
servation, and  study  of  tidal  movement,  I  believe  that  afCer  the  New  Inlet  is  closed, 
the  range  of  the  tides  will  be  as  great  at  Federal  Point  and  for  some  distance  above  as  at 
Bald  Head.  Thus  the!tidal  reservoir  will  be  greatly  increased  bjr  the  increase  of  range,, 
and  this,  together  with  the  large  amount  of  water  now  flowing  in  and  out  at  the 
inlet,  will  be  added  to  the  scouring  power  at  the  mouth. 

I  will  annex  a  diagram  exhibiting  graphically  the  results  of  simultaneous  observa* 
tions  made  June  21, 1876.  The  effect  of  the  New  Inlet,  which  is  directly  opposite 
Snow's  Marsh,  is  apparent  from  the  diagrams.  I  will  also  annex  a  table  of  simultaneoua 
observations,  extending  over  portions  of  several  days. 

The  zero  of  the  several  gauges  is  placed  approximately  at  one  level  by  a  study  of 
tidal  movement. 

The  following  are  estimates  for  the  expenditure  of  appropriations  of  $100,000,. 
$150,000,  and  $200,000.    It  is  hoped  that  the  larger  appropriation  will  be  granted. 

Estimate  for  expenditure  of  |100,000. 

Repairs  on  suction-dredge  Woodbury $12,000' 

Operation  of  same  8  months 8,000 

Widening  foundations  with  mattresses  at  New  Inlet 6,  OOO 

24,000  cubic  yards  stone  for  filling  mattresses,  $2.75 66, 000- 

Snrveys,  superintendence,  and  contingencies 1 6,000 

Total 100,000- 

Estimate  for  expenditure  of  $150,000. 

Repairs  of  suction-dredge  Woodbury 12, 000> 

Operation  of  same  8  months 8,000 

Widening  foundations  with  mattresses  at  New  Inlet « 6, 000 

42,000  cubic  yards  stone  filling  mattresses  $2.75 115,500 

Surveys,  superintendence,  and  contingencies 8,500 

Total - 150,000 

Estimate  for  expenditure  of  $200,000. 

Repairs  of  suction-dredge  Woodbury 12,000 

Operation  of  same  8  months 8,000^ 

Widening  foundations  with  mattresses  at  New  Inlet 6, 000 

60,000  cubic  yards  stone  filling  mattresses,  $2.75 165, 000 

Surveys,  superintendence,  and  contingencies 9,000 

Total 200,000 

Respectfully  submitted. 

Henry  Bacon, 

Aseistant. 
Maj.  Wm.  p.  Craighill, 

Corps  of  Engineers,  U,  8,  A, 
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Simultaneous  tidal  ohservationsj  June  20, 1876,  Cape  Fear  Biver,  North  Carolina, 
The  zero  of  each  of  the  gauges  is  approximately  at  the  same  level. 


Time. 

• 

S 

6 

1 

• 

1 

■s 

i 

1.00 
0.85 
0.70 
0.45 
0.40 
0.30 
0.20 
0.12 
0.12 
0.30 
0.45 
0.60 
0.75 
0.95 
1.10 
1.40 
1.70 
2.00 
2.20 

• 

• 

s 

Orton  Creek. 

1 

1 

10.00  a.m 

0.25 

0.15 

0.00 

-0.20 

-0.30 

-0.35 

-0. 35 

-0.35 

-0.15 

-f0.05 

0.30 

0.65 

0.95 

1.30 

1. 65 

2.00 

2.50 

2.90 

a  40 

3.80 

4.10 

4.50 

4.80 

5.20 

5.50 

5.70 

5.90 

6.10 

6.20 

6,25 

6.30 

6.40 

6.30 

6.10 

0.70 

0.40 

0.30 

0.10 

0.00 

-0.10 

-0.15 

-0.20 

-0. 15 

-0.00 

+0.20 

0.50 

0.70 

1.40 

1.15 
0.95 
0.80 
0.60 
0.50 
0.40 
0.25 
0.20 
0.15 
0.12 
0.10 
0.15 
0.30 
0.55 
0.95 
1.30 
1.60 
2.00 
2.30 
2.70 
3.10 
3.45 
3.80 
4.15 
4.40 
4.70 
4.90 
5.05 
5.30 
5.50 
5.70 
5.80 
5.90 
5.90 
5.85 

15  a.  m    

30  a.  m 1 

1.15 
.      0.90 
0.80 
0.70 
0.60 
0.40 
0.30 
0.20 

45  a. m : .^. ... 

11.00  a.  m 

15  a.m... 

30  a.  m - 

1.00 

45  a.m 

0.80 

12.00  m ..i ...: 

0.70 

15  p.  m 

0.60 

30  p.m... 

0.50 

45  p.  m 

0.45 

1.00  p.m...' 

0.40 

15  p.  m ...■ 

0.  40 

30  p.  m .■ 

1.40 

0. 50 

45p.  m..n 

0.60 
1.00 
1.40 
1.80 
2.40 
3.00 
3.40 
3.80 
4.20 
4.60 
.......... 

0.60 

2.00  p.  ra - 

2.20 

0.80 

15  p.  m , 

1.00 

30  p.  m 

2.90 

1.20 

45  D.  m «. 

1.40 

3.00  p.  m 

3.60 

2.90 
3.10 
3.50 
3.80 
4.10 
4.40 
4.70 
4.90 
5.10 
5.40 
5.62 
5.78 
5.86 
5.86 
5.70 
5.66 
5.56 

1.70 

15  p.  m 

2.10 

30  D.  m '. i. 

4.30 

2.50 

45  p. m  ............................... 

2.80 

4.06  D.  m    .#.-.» «k.  ^.....  .w «*.-.-. . 

5.10 

3.15 

15  p.  m , 

3.50 

30p,  m 

45plm.^..'.  .^..'. ...° .'.!..'. 

5.40 

5.10 
5.30 
5.60 
5.70 

3.80 
4.10 

5.00 p. m  ..-.•..:.-. 

Iftp.m ^       ^ ,,p^^^ , Tr.-- 

5.90 
6.00 
6.10 
6.20 
«:  20 
6.10 
5.95 

4.40 
4.70 

30  p.  m 

4.95 

45  p.m 

6.00  p.  m . : : .. . . . 

15  p.  m. ........................ ...... 

5.80 

5.20 
5.40 
5.50 

30  p.  m - -. 

5.55 

45  p.m 

5.60 

7.00  p.  m 

5.60 

15  p. m .'...L 

5.50 

30  p.m •. 

45  p.  m  ............................... 

8.00  n.  m 

Rbmabkb.— Weather  dear;  light  southwest  hreeze  all  day. 
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Simultaneous  tidal  obaervatianSf  June  21, 1876,  Cape  Fear  River^  North  Carolina, 
The  zeros  of  each  gauge  are  approximately  at  the  same  level. 


9.00 

a.ni 

15 

a.m 

30 

a.m 

45 

a.m 

10.00 

a.m 

l.*i 

a.m 

30 

a.m 

4f 

a.m 

11.00 

a.m 

15 

a.m 

30  a.  m 

45 

a. 

m 

12.00 

ID 

15 

m 

30 

P- 

m 

45 

P- 

m 

1.00 

P- 

m 

15 

P- 

m 

30 

p. 

m 

45 

P- 

m 

2.0O 

P- 

m 

15 

P- 

m 

30 

P- 

m 

45 

P- 

m 

3.00 

P- 

m 

15 

P- 

m 

30 

P- 

111 

45 

P- 

m 

4.00 

p. 

m 

15 

P- 

ID 

30 

P- 

m 

45 

p. 

m 

5.05 

P- 

m 

15 

p. 

m 

») 

p. 

nx 

45 

P- 

m 

6.00 

P- 

m 

15 

P- 

m 

30 

P- 

m 

45 

P- 

m 

7.00 

P- 

m 

15 

P- 

m 

30 

P- 

m 

45 

P« 

m 

&00 

P- 

m 

Time. 


® 


& 


2.30 

2.05 

1.70 

1.40 

1.15 

0.90 

0.60 

0.30 

0.10 

-0.10 

-0.30 

-0.35 

-0.40 

-0.45 

-0.45 

-0.35 

-0.20 

—0.00 

+0.30 

0.60 

1.00 

1«35 

1.90 

2.30 

2.70 

3.20 

3.50 

a  95 

4.30 

4.70 

5.10 

5.40 

5.65 

5.90 

6.15 

&30 

6.40 

6.45 

6.50 

6.50 


6.30 
6.20 


a 


2.80 

2.50 

2.25 

2.00 

1.70 

1.40 

1.10 

0.90 

0.60 

0.35 

0.15 

-0.10 

-0.20 

—0.30 

-0.35 

-0.40 

-0.30 

—0.10 

+0.05 

0.35 

0.60 

1.00 

1.40 

1.90 

2.30 

2.70 

3.00 

a35 

3.80 

4.20 

4.50 

4.90 

tlO 
40 
5.60 
5.90 
C.00 


6.35 
6.40 


6.40 
6.35 


I 

o 
a 

OQ 


2.90 
2.60 
2.35 
2.15 
1.90 
1.70 
1.45 
1.20 
1.00 
0.80 
0.60 
0.45 
0.30 
0.25 
0.15 
0.10 
0.10 
0.10 
0.10 
0.15 
0.40 
0.90 
1.30 
1.65 
2.00 
2.35 
2.85 
a  15 
3.45 
3.80 
4.15 
4.45 
4.75 
4.90 
5.15 
5.35 
5.65 
5.65 
5.70 
5.75 


.9 

o 

I 


2.90 
2.50 
2.30 
2.00 
1.90 
1.70 
1.40 
1.20 
+0.90 
O.GO 
0.40 
0.30 
0.20 


0.10 
0.00 
0.00 
0.20 
0.20 
a50 
0.60 
0.90 
1.20 
1.50 
1.80 
i.30 
2.50 
2.80 
3.10 
3.00 
3.80 
4.10 
4.40 
4.70 
4.90 
5.10 
5.50 
5.60 
5.80 
5.95 


6.10 
6.00 


u 

o 

a 


3.45 
3.25 
3.00 
2.80 
2.60 
2.35 
2.15 
2.00 
1.P2 
1.62 
1.50 
1.35 
1.20 
1.10 
1.00 
0.85 
0.75 
0.65 
0.58 
0.50 
0.45 
0.40 
0.45 
0.60 
0.80 
1.10 
L40 
1.70 
2.00 
2.35 
2.65 
2.92 
3.32 
3.65 
3.95 
4.35 


®'0 

Sm 

o 


3.40 

ioo 
"ieo 


2.15 


1,85 


1.60 
1.40 


1.25 
0.96 


0.70 
0.65 
0.65 
0.70 
0.70 


0.80 
1.20 
1.50 
1.85 
2.30 
2.75 
3.00 
3.30 
3.60 


4.30 


4.80 
5.25 


5.60 
5.7a 
5.75 
5.70 


Bemabka. — Weather  dear,  light  northwest  wind  a.  m. ;  moderate  soathwest  wind  all  p.  m. 
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Simultaneous  tidal  observations,  Cape  Fear  River,  North  Carolina j  June  22, 1876. 

Zero  at  the  seToral  stations  approximately  at  one  level. 


Time. 

Bald  Head. 

6 

1 

1 

1 

s 

M 

■ 

a 

s 

Orton  Greek. 

Campbeirs  Isl- 
and. 

6. 45a.m - 

4.80 

4.90 

4.80 

4.70 

4.65 

4.55 

4.30 

4.10 

3.80 

a  45 

3.15 

2.80 

2.50 

2.20 

LOO 

L50 

L30 

LIO 

L80 

0.55 

0.30 

0.10 

—0.05 

—0.20 

—0.35 

—a  45 

—0.50 

—0.55 

—0.45 

—0.20 

+0.30 

0.70 

0.90 

lilO 

LOO 

2.00 

2.40 

2.80 

3.20 

3.70 

4.10 

4.40 

4.70 
4.80 
4.60 

7. 00a.m 

4.40 
4.40 
4.40 
4.30 
4.20 
4.10 

aoo 

""a  70* 

""'a  96' 
a  10 

2.70 
2.30 

""lso" 

L70 
L50 
L30 
L20 
LIO 
0.90 
0.80 
0.60 
0.50 
0.40 
0.30 
0.10 
0.00 
0.00 
0.00 
0.10 
0.40 
0.60 
0.80 
LIO 
LOO 
2.20 
2.70 

aao 

4.30 
4.50 
4.50 
4.40 
4.30 
4.80 
4.10 

aoo 
a  70 
a40 
a2o 
aoo 

2.70 
2.35 
2.10 
2.00 
LOO 
L50 
L20 
LOO 
0.70 

"  a'so 

0.12 
0.12 
0.10 
—0.10 
—0.04 
+0.10 
0.20 
0.40 
0.60 
0.70 
L05 
L30 
L55 
1.80 
2.10 
2.40 
2.70 
a  05 

"ilio 
aoo 
a  70 
aso 
a30 
a  10 

2.90 
2.70 
2.50 
2.30 
2.10 
1.90 
L70 
L50 
L35 
L20 
L15 
L05 
a  95 
0.80 
0.70 
0.60 
a50 
0.40 
0.35 
a35 
0.40 
0.60 
0.75 
L20 
LOO 
LOO 
2.20 

a50 

15  a.  m ---.. 

a  75 

30  a.  m 

4.00 

45  a.m 

4.70 
4.60 
4.45 
4.30 

4.45 
4.40 
4.30 
4.20 
4.10 
a87 
a  72 

a  55 
a  37 
a  15 

2.90 
2.70 
2.47 
2.22 
2.00 
L86 
L60 
L35 
L15 
0.97 
0.80 
0.60 
0.47 
0.30 
a22 
0.15 
0.10 
0.07 
0.05 
0.05 
0.05 
0.10 
0.35 
0.75 
L15 
L45 
L75 
2.10 

4.20 

8. 00  a.  m. 

4.35 

15a.m 

4.40 

30  a.  m 

4.45 

45  a. m 

4.45 

9. 00a.m 

3."75 

4.35 

15  a.m  .............................. 

30  a.  m 

a  10 

4.00 

45  a.ni  .............................. 

10. 10a.m 

3.70 

aTO 

15a.m 

30a.m 

2.10 

3.35 

45a.m 

11. 00  a.  m 

LOO 

3.95 

15a.m 

30  a.  m 

LIO 

2.60 

45a.m 

12.00  m 

0.60 

2.90 

15  p. m  .............................. 

30  p.  m 

0.00 

1.90 

45  p.  m 

l.OOp.  m 

-0.30 

1.60 

15  p.  m 

30  p.  m 

—0.50 

L30 

45  p.  m 

S.  00p.m 

—0.40 
-0.20 
+0.10 
0.50 
LOO 
L40 
LOO 

1.10- 

15  p.  m 

30  p.  m 

0.9(V 

45  p. m 

3.  OOp.  m - 

*  0.75 

15  p. m 

30p.m 

b'oi 

45  p. m. 

0.55 

4.00  p. m 

2.30 

0.55 

15  p.  m 

0.70 

30  p.  m 

a  10 

0.90 

45  p.  m 

1.10 

5.00p.  m 

*a6o 

L40 

*  High  water  8  p.  m.,  6.40. 

Hbmarks. — Weather  olear:  liffht  northwest  wind  a.m.  and  lieht  sonthwest  p.  m.  The  station  at 
Snow's  Marsh  is  at  the  nortnerly  slnice.  The  station  at  Zeke's  IsUmd  is  at  the  old  works,  aboat  40(^ 
feet  from  Woodbor}-  wharf. 


jBcth^Sikuii. 


SnwiArTll^  — 


>5^2^>m^cJ/;Sv^ 


^^iT^tjnifCjA 


dtn^JuaiM. 
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Simultaneous  tidal  ohservaiionSy  June  23, 1876,  Cape  Fear  BiveTf  North  Carolina. 


Time. 

1 

Smithville. 

Snow  Marali. 

• 

c 
a 

M 

1 

4i 

a 

1 

• 

1 
6 

7. 45a.in 

185 
190 
5.00 
190 
185 
170 
140 
110 
.3.85 
3.55 
3.20 
2.90 
2.60 
2.25 
1.90 
1.60 
1.35 
1.00 
0.80 
O.GO 
0.40 
0.15 
0.00 
-0.20 
-0.30 
-0.40 
0.55 
-0.40 
-0.20 
-0.10 
+0.10 
0.40 
0.75 
1.10 
1.50 
2.00 
2.40 
2.80 
3.20 
3.70 
110 
165 

170 
175 
180 
190 
190 
170 

"135" 

130 
140 
150 
150 
140 
130 
120 
110 
3.90 
3.65 
3.45 
3.25 

120 
130 
140 
150 
150 
140 
130 
120 
100 
3.80 
3.45 
3.20 
3.00 
2.80 
2.40 
2.10 
1.95 
1.80 

3.35 

&00a.m 

.1.75 

15a.in.... 

100 

30a.m 

125 

45a.m 

152 

150 
135 
125 
110 
3.92 
3.72 
3.55 
3.40 
3.20 
2.92 
2.70 
2.50 
2.30 
2.05 
1.85 
1.62 
1.40 
1.20 
1.00 
0.82 
0.65 
0.50 
0.37 
0.25 
0.20 
0.10 
0.07 
0.05 
0.07 
0.15 
0.40 
0.80 
1.15 
1.47 
L80 
2.10 
2.45 

4.35 

9. 00a.m 

145 

15a.m 

4.45 

30  a.  n 

4.45 

45  a.  IB 

130 

ia00a.m 
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Rbmabks.— Clear  weather ;  calm  moderate  southwest  breeze  p.  m.   Observations  are  recorded  in  feet 
and  hundredths  above  and  below  the  zero  of  the  several  gauges. 


HISTORICAL  SKETCH  OF  THB  IMPROVBMBNT  OF  THE  CAPE  FEAR  RIVER  BELOW  THE  CITY 

OF  WILMINGTON,  N.  C. 

Baltimore,  Md.,  July  1, 1876. 

Sir  :  The  mouth  of  the  Cape  Fear  Kiver  at  one  time  formed  one  of  the  finest  en- 
tranoea  on  the  Soath  Atlantic  Coast.  As  a  harbor  of  refuji^e,  it  was  and  still  is,  for  a 
certain  class  of  vessels,  of  great  importance.  Located,  as  it  is,  on  a  portion  of  the  coast 
which  is  subject  to  severe  gales,  it  is  the  only  harbor  accessible  to  deep-draught  ves- 
sels between  the  ports  of  Beaufort,  N.  C,  and  Charleston,  S.  C. 

The  Cape  Fear  River  and  its  principal  tributaries  fiow  through  a  section  of  country 
abounding  in  iron,  copper,  and  other  metals,  and  lar^e  deposits  of  bituminous  coal  of 
superior  quality  are  found.  The  immense  forests  of  pine  furnish  an  almost  inexhaust- 
ible quantitfr  of  excellent  timber  and  naval  stores ;  the  latter  form  the  principal  arti- 
cles of  export,  and  are  idways  m  demand  from  all  quarters  of  the  world. 

The  advantages  of  the  Cape  Fear  as  a  site  for  a  proposed  naval  coaling-station  have 
often  been  mentioned. 

The  attention  of  settlers  was  drawn  to  this  region  at  an  early  day.  The  first  settle- 
ment was  made  about  the  year  1660,  by  a  band  of  emigrants  from  New  England.  They 
settled  at  a  point  on  the  western  bank  of  the  river,  about  9  miles  below  the  site  of  the 
city  of  Wilmington.  The  country  did  not  realize  their  expectations,  and,  after  sufier- 
ing  great  distress  and  being  harassed  by  Indians,  they  abandoned  the  settlement  and 
returned  to  New  England.  The  next  attempt  at  a  settlement  on  the  Cape  Fear  also 
proved  a  failure,  although  it  was  not  as  short-lived  as  the  first  colony,  and  at  one 
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time,  it  is  said,  nnmbered  800  people.  This  second  band  of  emigrants  came  from  the 
Barbadoes,  and  settled  in  1665  at  the  point  formerly  occupied  by  the  New  Englanders. 
This  colony  gradually  dwindled  away,  many  of  the  colonists  going  farther  south  and 
settling  portions  of  what  is  now  South  Carolina,  until  about  the  year  1690,  when  the 
settlement  was  entirely  abandoned. 

The  date  of  the  third  attempt  at  a  settlement,  and  the  one  which  finally  proved  per- 
manent, is  not  exactly  known.  It  must  have  been  during  the  very  early  part  of  the 
eighteenth  century,  if  Aot  before  the  close  of  the  seventeenth,  for  we  read  in  detail  of 
the  Indian  wars  on  the  Cape  Fear  River  during  the  years  1711-^13. 

The  old  town  of  Brunswick,  on  the  west  side  of  the  river,  about  15  miles  below  the 
site  of  the  city  of  Wilmington,  was  laid  out  in  the  year  1725.  About  five  years  later  a 
settlement  sprang  up  at  the  site  of  the  city  of  Wilmington,  and  was  at  first  called 
New  Liverpool.  In  1735  its  name  was  changed  to  "  Newton ;"  and  in  17.'^9  it  received 
the  name  which  it  bears  to-day. 

Wilmington  soon  became  a  rival  of  the  older  town  of  Brunswick,  and  gaining  su- 
premacy, finally  entirely  absorbed  the  latter.  , 

The  relics  of  Brunswick  are  still  to  be  seen  in  the  shape  of  a  desolate  grave-yard,  and 
the  brick  walls  of  au  old  church. 

While  these  details  have  no  direct  bearing  upon  the  subject  of  the  improvement  of 
the  river,  yet  they  go  to  show  us  that  we  need  not  expect  to  find  on  record  any  very 
definite  information  about  the  condition  of  the  river,  its  depth,  &o.,  during  these  early 
days. 

A  half  century  had  been  spent  in  fruitless  attempts  to  make  a  permanent  settlement 
of  the  country  ;  and  afterward,  when  a  colony  was  finally  established,  the  attention  of 
the  colonists  was  probably  too  much  taken  up  by  Indian  wars  and  other  difficulties  to 
^low  them  to  go  into  particulars  about  a  matter  of  which  they  probably  cared  little, 
BO  long  as  they  had  water  enough  and  to  spare  for  their  primitive  necessities. 

There  seems  to  be  no  doubt,  however,  that  during  these  early  days  vessels  drawing 
as  much  as  19  or  20  feet  of  water  could  readily  pass  into  the  Cape  Fear  River  at  high- 
water. 

From  the  earliest  information  (in  any  way  reliable)  to  be  had  on  the  subject,  there 
was  a  depth  of  14  feet  of  water  at  low-tide  upon  what  is  now  known  as  the  Eastern 
or  Bald  Head  Channel.  This  is  from  the  map  of  a  survey  made  by  Edward  Mosely,  in 
the  year  1733. 

The  same  map  indicates  a  depth  of  9  feet  in  the  present  Western  or  Oak  Island  Chan- 
nel. Five  years  later  Woimble's  chart  of  North  Carolina  was  published.  But  few 
soundings  appear  on  this  map  ;  but  the  printed  sailing  directions  give  3|  fathoms  on 
the  main  bar  at  high-water.  This  would  call  for  16^  feet  at  low-water.  Nino  feet  is 
shown  on  the  rip  or  inner  bar  of  the  Western  Channel,  presumably  at  low-water.  Up 
to  this  time  New  Inlet  had  no  existence.  The  next  map  to  be  found  is  one  by  Captain 
Collet,  colonial  governor  of  Fort  Johnston.  The  date  on  the  map  is  indistinct,  but 
is  believed  to  be  1774.  It  states  that  it  was  made  from  actual  surveys,  and  upon  it 
appears  the  New  Inlet.  No  soundings  are  given  either  at  the  inlet  or  at  the  old  mouth 
of  the  river.  The  inlet  had,  however,  been  in  existence  some  years  prior  to  the  publi- 
cation of  this  map.  The  traditions  of  the  country  give  the  year  1762  as  the  date  of 
the  opening  of  the  inlet.  An  article  published  in  the  London  Magazine,  December,  1761, 
gives  an  account  of  a  violent  equinoctial  storm,  which  commenced  September  20, 1761, 
and  lasted  four  days,  during  which  the  sea  made  a  breach  Id  feet  deep  at  high- water, 
and  nearly  half  a  mile  wide,  through  the  ont«r  beach,  at  a  place  called  the  "  haul-over." 
This  was  no  doubt  at  the  present  site  of  the  inlet.  The  locality  probably  derived  its 
name  from  the  practice  of  the  pilots  and  fishermen  of  hauling  their  boats  o\er  the 
narrow  shingle-beach  separating  the  river  from  the  ocean.  This  practice,  no  doubt, 
denuded  the  beach  of  its  scant  vegetation,  and  perhaps,  under  the  action  of  winds, 
even  lowered  the  level  of  the  beach  at  this  point.  '  Tradition  says  the  famous  storm, 
referred  to  above  was  a  "  dry  blow,"  and  it  is  easy  to  imagine  that  under  such  circum- 
stances a  depression  might  soon  be  made  in  the  dry  sand  sufficient  to  permit  of  the 
trickling  through  of  water  from  the  river  *to  the  sea.  At  the  epoch  of  high  water  on 
the  river-side  of  the  beach,  the  tide  on  the  outside  had  been  falling  for  over  an  hour, 
and,  with  this  difference  of  level,  the  trickling  stream  would  soon  deepen  and  widen, 
until  a  serious  breach  had  been  established. 

It  is  not  probable  that  the  action  of  the  waves  upon  the  outer  beach  had  anything  to 
do  with  making  the  opening;  but,  on  the  contrary,  their  action  would  tend  rather  to 
restore  and  maintain  the  beach.  It  is  proper  to  state  in  this  connection  that  the  tide 
at  the  New  Inlet  is  some  25  minutes  earlier  than  at  the  old  mouth  of  the  river,  it  being 
delayed  at  the  latter  point  b^^  the  Frying  Pan  Shoals,  extending  out  some  20  miles  to 
sea  from  Cape  Fear.  This  state  of  affairs  explains  why  (before  the  breaking  out  of 
the  inlet)  so  great  a  difi'erence  of  level  existed  between  the  water  inside  and  the  water 
outside  toe  beach. 

Since  the  breaking  out  of  the  inlet,  an  equally  anomalous  result  follows  from  the 
same  cause,  in  this,  that  the  water  commences  running  out  of  the  inlet  long  before  the 
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Hood  ceases  to  come  in  at  the  old  moatb.  ConsequeDtly,  during  the  early  stage  of  ebb- 
tide at  the  inlet,  the  water  mnniug  up  the  rivcr^  passes  out  at  the  inlet  for  a  certain 
time,  or  until  the  influence  of  the  later  ebb  at  the  old  mouth  can  be  felt  above.  This 
subject  will  be  touched  upon  again  in  connection  with  remarks  upon  the  formation  of 
the  **  Horseshoe  Shoal ;"  it  is  sufficient  for  our  purpose  at  present  to  merely  state  that 
this  condition  of  the  tides  adds  greatly  to  the  quantity  of  water  passing  out  of  the 
inlet,  and  to  the  resulting  scour  ;  and  is  no  doubt  the  principal  reason  why  the  New 
Inlet  has  proved  more  stable  and  unshifting  in  its  character  than  most  of  the  other 
numerous  inlets  on  the  North  Carolina  coast.  In  the  statement  quoted  above  from  the 
London  Magazine,  (December,  1761,)  which  says  that  the  breach  at  the  ^^hanlover" 
was  18  feet  in  depth  at  high- water,  there  seems  certainly  to  be  an  exaggeration.  At 
all  events,  there  seems  to  be  good  authority  for  saying  that  for  some  years  th^  inlet 
was  fordable.  A  road  passed  over  the  site  of  the  inlet,  communicating  with  the  set- 
tlement at  or  near  Bald  Head,  and  there  are  reliable  people  now  living  who  have 
heard  ^'old  folks"  say  that  they  had  crossed  the  inlet  in  buggies.  The  next  oldest 
maps  of  the  Cape  Fear  River  were  published  in  1794.  Of  these  there  are  2 :  1  by 
Capt.  H.  Holland,  the  other  by  Henry  Mouzen  ^'  and  others."  At  this  time  the  New 
Inlet  had  been  in  existence  over  30  years,  and  its  effects  upon  the  main  bar  were  verv 
manifest.  Upon  both  these  maps  are  printed  the  words  "  10  feet  bar  at  low-water.^' 
At  the  rip  (Oak  Island  channel)  6  feet  are  given  at  low- water.  The  New  Inlet  ap- 
pears, but  no  soundings  are  given.  Next  we  have  a  "  Sketch  of  Cape  Fear  River  and 
entrance,  as  surveyed  in  17d7  by  Joshua  Potts."  This  map  shows  soundings  at  low- 
water  as  follows :  Main  bar,  15  feet ;  rip  of  western  channel,  3  feet;  New  Inlet  Bar,  6 
feet.  Upon  this  map  appears  for  the  first  time  printed  sailing-directions  for  entering 
the  New  Inlet.  This  depth  on  the  inlet  bar  is  nearly  as  much  (within  18  inches)  as  is 
to  be  fonnd  at  the  present  day.  If  the  maps  of  1794  and  1797  are  t.o  be  relied  upon,  we 
see  that  during  the  3  years  the  main  bar  deepened  5  feet,  and,  as  if  to  partially  compen- 
sate for  this,  the  rip  of  the  Oak  Island  channel  shoaled  3  feet. 

In  1820,  according  to  Miyor  Kearney.  Topographical  Engineers,  U.  S.  A.,  there  was  at 
main  bar  only  9  feet  of  water,  at  rip  o  feet,  at  New  Inlet  no  soundings  given.  Three 
years  later,  Mr.  Hamilton  Fulton,  State  engineer  of  North  Carolina,  reports  that  "  a 
probable  change  has  taken  place  on  the  main  bar,"  and  that  '^  in  the  course  of  18 
months  the  depth  of  water  has  increased  2  feet,"  also  that  ^'  no  alteration  has  taken 
place  in  the  depth  of  water  at  New  Inlet." 

In  1839,  Lieutenant-Commander  Glynn,  U.  S.  N.,  made  a  survey  of  the  entrances  to 
the  Cape  Fear  River  and  gives  the  following  depths :  Eastern  bar,  8  feet ;  rip  of  western 
channel,  9  feet;  New  Inlet,  10  feet. 

In  1851,  Lieutenant  Maffit,  U.  S.  N.,  eives  the  following  depths :  Eastern  bar,  8  feet ; 
rip  of  western  channel,  7  feet ;  New  Inlet,  8  feet. 

Although  the  map  of  1851  shows  the  same  depth  on  the  main  bar  as  is  shown  on  the 
map  of  lS)9,  yet  a  comparison  of  the  2  map^  shows  that  seiious  changes  took  place 
daring  this  interval  of  12  years  between  the  publication  of  the  2  maps  in  question — 
the  eastern  bar  had  more  than  doubled  it-s  width,  and,  in  addition,  had  become  more 
tortuous.    We  also  find  that  Bald  Head  Point  had  worn  away  considerably. 

Previous  to  the  year  1853,  no  work  for  the  improvement  of  the  entrances  to  the  Cape 
Fear  River  had  been  attempted.  A  large  amount  had  been  expended  upon  the  im- 
provement of  the  upper  river  near  Campbell's  Island,  and  between  that  point  and  the 
city  of  Wilmington.  This  work  was  commenced  by  the  State  government  in  1823,  and 
was  continued  nntil  1829,  when  it  was  taken  up  by  the  United  States  Government  and 
continued  nntil  the  year  1838.  This  work  will  be  referred  to  again  in  connection  with 
more  recent  operations  by  the  Greneral  Government  in  the  same  vicinity. 

In  1853  a  commission,  consisting  of  Prof.  A.  D.  Bache,  Superintendent  United  States 
Coast  Survey ;  Lieut.  C.  A.  Davis,  United  States  Navy ;  Capt.  D.  P.  Woodbury,  United 
States  Engineers ;  and  M^j.  I.  I.  Stephens,  United  States  Engineers,  was  appointed  to 
report  upon  the  improvement  of  the  Cape  Fear  River  at  and  below  Wilmington.  This 
report  was  submitted  on  March  30,  1853.  The  conclusions  to  which  the  commission 
arrived,  and  the  recommendations  made  by  them,  as  well  as  the  report  thereon  of  the 
Board  of  River  and  Harbor  Improvements,  will  bo  fonnd  in  a  paper  prepared  by  the 
late  Lieut.  Col.  J.  G.  Foster,  Corps  of  Engineers,  and  printed  in  the  report  of  the  Chief 
of  Engineers  for  the  year  1873,  pages  804-815.  In  brief,  it  was  proposed  to  protect 
Bald  Head  Point  from  further  abrasion  b^  the  construction  oi  jetties  to  close  2 
small  openings  through  the  narrow  beach  ot  Smith's  Island,  near  and  below  the  New 
Inleti  and  to  construct  a  Jetty  at  the  northern  extremity  of  Zeke's  Island,  the  latter 
to  prevent  the  New  Inlet  from  extending  farther  south.  These  plans  having  met  with 
the  approval  of  the  Chief  Engineer  of  the  Arm^  and  the  Secretary  of  War,  Capt.  D.  P. 
Woodbury,  Corps  of  Engineers,  was  charged  with  the  execution  of  the  work.  During 
the  following  summer  Q853)  Captain  Woodbury  commenced  operations  at  Bald  Head 
Point.  The  main  work  consisted  of  2  stone  jetties,  the  one  300  feet  in  length  and 
I>eTpendicnl0r  to  the  outer  beach  ;  the  other  100  feet  in  length,  running  also  from  the 
outer  shore,  but  starting  from  nearer  the  point.    A  pile  wharf  was  al^  constructed ; 
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grillages  of  palmetto,  loaded  with  stoDe,  were  snnk  between  the  piles.  The  beach  on 
one  side  of  the  railroad  from  the  wharf  to  the  jetties  was  also  strengthened  by  means 
of  a  row  of  large  stones.  A  line  of  brush  fence,  abont  500  yards  long,  was  also  built 
parallel  to  the  outer  shores.  The  next  season  (spring  of  1854)  Captain  Woodbury 
commenced  the  construction  of  a  line  of  railroad  running  from  the  northern  extremity 
of  Zeke's  Island  to  connect  with  the  proposed  dikes  for  closing  the  small  inlets  through 
Smith's  Island  beach.  One  branch  of  the  road  also  ran  along  the  New  Inlet  shore  of 
Zeke's  Island  to  supply  stone  for  the  construction  of  the  proposed  jetties  along  that 
shore;  at  the  northern  terminus  of  this  railroad  a  wharf  was  built  for  the  landing  of 
stone. 

During  the  summer  of  1854,  the  more  northern  of  the  small  inlets  was  partially 
closed ;  but  a  storm  in  September  of  that  year  enlarged  it  to  about  double  its  previ- 
ous width,  besides  increasing  its  depth  considerably.  Later  in  the  fall  the  sand 
between  the  2  inlets  was  washed  away,  and  the  2  became  1  inlet  2,300  feet  in 
width,  and  in  places,  it  is  said,  12  feet  in  depth.  During  the  next  season,  however, 
(1855,)  the  railroad  was  extended,  and  a  fpriUage  loaded  with  stone  was  sunk  entirely 
across  this  enlarged  opening.  The  opening  was  thus  contracted  to  about  700  feet  in 
'Vidth  at  low-water.  The  short  jetties  from  the  shore  of  Zeke's  Island  were  built,  and 
the  jetties  at  Bald  Head  were  extended.  These  Bald  Head  jetties  had  been  commenced 
(as  stated  above)  2  years  previously.  As  they  were  extended,  the  sand  accumulat- 
ed around  them  with  rapidity,  and  it  was  also  observed  that  as  they  were  extended, 
the  water  on  the  rip  of  the  western,  or  Oak  Island  channel,  commenced  to  improve.  In 
1855  the  water  on  the  rip  had  deepened  to  9  feet  at  low-water,  which  was  more  by  from 
1  to  2  feet  than  was  to  be  found  on  the  eastern  bar,  and  the  latter  was  abandoned  ex- 
cept by  very  light-draught  vessels.  In  1856,  the  Bald  Head  jetties  were  still  further 
extended  by  Lieutenant  Whiting,  Corps  of  Engineers,  who  was  then  in  charge,  since 
which  date  nothing  more  has  been  done  at  that  point.  It  is  understood,  however,  that 
the  additions  to  the  jetties  in  1855  and  1856  only  carried  them  to  the  length  proposed 
by  the  board  of  1853. 

The  work  at  the  small  inlet  through  Smith's  Island,  which,  as  stated  above,  was  in 
the  summer  of  1855  reduced  to  a  width  of  700  feet  at  low-water,  was  in  November  of 
that  year  almost  entirely  destroyed  by  a  storm.  The  work  was  replaced  by  Lieutenant 
Whiting  during  the  following  year,  1856;  sheet-piling,  brush,  sand-bags,  &c.,  being 
used  in  the  construction  of  the  work.  In  October  the  opening  is  reported  as  entirely 
closed.  During  the  same  year  the  jetties  at  Zeke's  Island  were  strengthened  by  the  use 
of  additional  stone. 

On  September  1, 1857,  Col.  William  Tnmbull,  Topographical  Engineers,  reports  that 
the  beach  has  made  entirely  across  the  inlet  closed  by  Lieutenant  Whiting ;  but  later 
he  reports  that  the  gale  of  September  11-13,1857,  l)as  almost  entirely  destroyed  the 
work  ;  that  the  breach  is  again  open  to  a  width  of  over  2,400  feet,  and  that  2  other 
breaches  have  opened  farther  south. 

In  1858  a  commission,  consisting  of  Prof.  A.  D.  Bache,  Superintendent  United  States 
Coast  Survey,  Hon.  I.  I.  Stephens,  M.  C,  Lieut.  J.  N.  Maffit;  U.  S.  N.,  Capt.  A.  A. 
Humphreys,  Topographical  Engineers, Capt.  William  B.Franklin,  Topographical  Engi- 
neers, and  Lieut.  W.  H.  C.  Whiting,  (3orp8  of  Engineers,  was  appointed  "to examine 
into  the  condition  of  the  entrances  of  tne  Cape  Fear  River,''  ^c.  Their  report  was 
submitted  on  December  30, 1858,  and  the  substance  of  it  will  be  found  in  the  paper  of 
the  late  Coloael  Foster,  before  referred  to.  In  brief,  they  conclude  that  the  jetties  at 
Bald  Head  have  been  successful,  and  that  ''  the  works  on  Zeke's  Island  fulfilled  their 
object  until  the  occnrrence  of  the  extraordinary  storm  of  September,  1^7."  They  also 
believed  that  the  deepening  of  Oak  Island  channel  was  due  to  the  work.  They  there- 
fore recommended  that  the  old  works  and  jetties  at  Zeke's  Island  be  restored,  that  the 
narrow  beach  of  Smith's  Island  be  protected  by  jetties  perpendicular  to  the  shore ;  and 
finally,  if  in  the  course  of  3  years  the  main  entrance  should  not  increase  in  depth 
so  as  to  admit  vessels  of  as  great  draught  as  can  pass  up  the  river,  that  the  closing  of 
the  New  Inlet  be  undertaken.  The  commission  requested  that  the  Coast  Survey  might 
make  a  new  survey  of  the  main  entrance.  The  result  of  the  survey  shows  the  follow- 
ing depths:  Eastern  channel,  S  feet;  rip  of  western  channel,  7  feet;  New  Inlet,  8  feet. 
On  the  chart,  2  inlets  are  shown  south  oi  Zeke's  Island. 

From  this  time  on  through  the  years  of  the  late  civil  war,  and  until  5  years  after 
its  close,  nothing  more  was  done  for  the  improvement  of  the  Cape  Fear  River.  During 
this  interval,  the  bars  at  the  main  entrance  continued  to  deteriorate.  The  eastern 
channel  shoaled  up  to  less  than  7  feet,  and  the  rip  of  the  western  channel  remained  less 
than  8  feet,  although  this  channel  was  used  exclusively.  The  small  inlets  through 
Smith's  Island  gradually  enlarged,  until  they  united  in  one  common  passage  over  1,400 
yards  in  width,  or  equal  to  that  of  the  New  Inlet  itself.  At  low-water  over  this  space 
there  were  to  be  seen  a  few  sand  shoals,  which  marked  the  sites  of  the  old  dividing 
ridges  between  the  pmall  inlets ;  and  a  few  piles  of  rock  could  be  seen,  which  were 
portions  of  the  ruins  of  the  old  works  and  the  old  ietties  which  were  once  on  the 
shores  of  Zeke's  Island.    The  depth  over  this  space  at  low-water  varied  from  0  to  over 
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20  feet.  At  the  New  Inleti  no  great  changes  had  taken  place,  the  same  depth  of  water 
remained  on  the  bar,  abont  7^^  feet,  but  the  bar  had  moved  considerably'  to  the  north, 
and  it  is  supposed  that  this  change  was  due  to  the  influence  of  the  increased  volume  of 
water  coming  from  the  south  through  the  new  breaks. 

Zeke's  Island  had  worn  almost  entirely  away,  and  at  extreme  high- water  appeared  aa 
a  small  sand-spit,  just  showiiig  above  the  surface  of  the  water. 

It  was  while  this  state  of  affairs  existed  that  Congress,  in  1870,  appropriated  $100,000 
for  the  "improving  the  Cape  Fear  River  below  Wilmington,  N.  C,"  and  Col.  J.  H. 
Simpson,  Corps  of  Engineers,  was  charged  with  the  execution  of  the  work.  Colonel 
Simpson,  after  an  examination  of  the  river,  coincided  with  ihe  opinion  of  the  Board  of 
1858  as  to  the  necessity  of  closing  the  spaces  between  Smith's  and  Zeke's  Islands  as  the 
first  and  most  important  step  of  any  further  plan  of  improvement,  and  accordingly  rec- 
ommended that  a  lino  of  crib-work,  with  superstructure  brought  to  above  high-water 
mark,  be  constructed  across  the  space,  beginning  at  Smith's  Island  and  following  such 
a  line  as  would  take  most  advantage  of  the  remnants  of  the  old  works.  This  recom- 
mendation having  been  approved,  work  was  commenced  in  1870.  Colonel  Simpson 
remained  in  charge  of  the  work  but  a  short  time,  as  on  November  7,  1870,  he  was  re- 
lieved by  Maj.  W.  P.  Craighill,  Corps  of  Engineers,  who  has  remained  in  charge  of  the 
work  up  to  the  i)reseut  date. 

During  the  fiscal  year  ending  June  30,  1871,  the  crib-work,  with  superstructure  com- 
pleted, was  extended  a  distance  of  607  feet  from  Zoke's  Island.  This  distance  extended 
over  the  deepest  portion  of  the  space  between  the  islands,  and  much  difficulty  was  ex- 
perienced in  sinking  some  of  the  cribs,  owing  to  the  great  velocity  of  the  water,  which 
increased  as  the  line  of  cribs  advanced. 

The  increased  velocity  of  the  water  added  so  much  to  the  scour  that  several  of  the 
cribs  put  in  position  this  year  were  over  30  feet  in  depth. 

Dnring  the  latter  part  of  this  fiscal  year  (May,  1871)  a  Coast  Survey  party,  in  charge  of 
Mr.  Charles  J  unkin,  made  a  survey  of  the  old  entrance  to  the  river,  and  reported  7  feet  on 
the  bar  of  the  eastern  channel  and  9^  feet  on  the  rip  of  the  western  channel.  This  in- 
crease of  depth  on  the  rip  was  very  remarkable;  the  incresise  being  2  feet  since  the  work 
commenced,  an  interval  of  only  8  months.  There  seems  to  be  no  doubt  but  that 
this  increase  was  due,  partly  at  least,  to  the  influence  of  the  work  already  constructed. 

During  the  fiscal  year  ending  June  30, 1872,  the  construction  of  the  breakwater  was 
continued,  an  appropriation  of  $75,000  having  been  made  in  March,  1871.  Thirteen 
hundred  and  eight  linear  feet  of  crib-work  and  completed  superstructure  were  built 
during  the  year,  making  the  total  length  of  work  1,915  feet,  or  nearly  one-half  way 
across  to  Zeke's  Island.  All  the  deepest  water  had  now  been  crossed,  and  in  no  place 
in  advance  of  the  work  were  over  7  feet  of  water  to  be  found  at  low-tide.  During  the 
summer  of  1871  a  considerable  abrasion  was  noticed  at  Bald  Head  Point,  and  in  Septem- 
ber of  that  year  the  shore  ends  of  the  jetties  at  that  point  were  completely  turned. 
This  indicated  that  the  volume  of  water  passing  out  the  old  mouth  had  increased  ma- 
terially. A  Coast  Survey  party,  in  charge  of  Mr.  W.  I.  Vinal,  was,  under  the  direction  of 
Major  Craighill,  engaged  during  the  following  winter  and  spring  (1872)  in  making  a 
survey  of  the  main  entrances  to  the  river.  This  survey  demonstrated  the  fact  that  a 
new  and  well-dcdoed  cliannel  was  forming  at  the  eastern  entrance,  almost  in  the  exact 
position  formerly  occupied  by  the  old  Bald  Head  channel. 

The  soundings  indicated  a  depth  of  9  feet  at  low- water,  entirely  across  the  bar, 
although  there  were  several  lumps  found  on  which  there  were  but  7  and  8  feet.    At 
this  time  the  jetties  at  Bald  Head  were  separated  from  the  shore  by  a  breach  140  yards 
n  width. 

In  December,  1871,  Major  Craighill  requested  that  a  Board  of  Engineers  might  be  or- 
dered to  consider  the  various  matters  connected  with  the  Cape  Fear  improvement. 
Accordingly,  a  Board  was  appointed,  consisting  of  Lieut.  Cols.  Z.  B.  Tower,  H.  G.  Wright, 
and  J.  G.  Foster,  and  Majs.  Q.  A.  Gillmore  and  W.  P.  Craighill,  all  of  the  Corps  of 
Engineers. 

The  Board  met  at  Wilmington,  N-  C,  on  January  24,  1872,  and,  after  an  examination 
of  the  river  and  works,  made  a  preliminary  report.  The  Board  met  again  at  New  York 
City  on  December  6, 1872. 

A  full  report  of  the  proceedings  of  the  Board  is  printed  in  the  Annual  Report  of  the 
Chief  of  Engineers  for  the  year  1873,  pages  797-803. 

As  nothing  in  the  recommendation  of  this  Board  aftected  the  continuation  of  the 
breakwater  between  Smith's  and  Zeke's  Islands,  we  will  go  on  with  the  operations  for  the 
fiscal  year  ending  June  30,  1873.  At  the  beginning  of  this  year  1,915  linear  feet  of  the 
work  had  been  completed,  and  the  space  remaining  to  Zoke's  Island  was  2,488  feet. 
This  entire  space  was  cribbed,  and  the  superstructure  completed  during  the  year,  the 
last  spike  having  been  driven  on  the  30th  of  June.  Total  length  of  the  entire  work, 
4,403  feet. 

From  the  very  commencement  of  the  work  at  Smith's  Island,  a  sand-spit  somewhat 
above  high-water  mark  followed  along  on  the  outer  or  sea  side  of  the  work,  its  extreme 
point,  however,  always  keeping  a  little  behind  the  advanced  superstructure.    Nor 


326         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

'would  this  sand-spit  join  the  work  at  any  point,  but  followed  along  in  a  direction  gen- 
erally parallel  to  the  work,  and  at  a  distance  from  it  varying  from  40  to  200  feet 
This  left  a  water-way  along  the  work,  in  which  the  tide  rose  and  fell  with  the  tide 
'Of  the  inlet.  It  was.partly  supplied,  however,  hy  water  which  at  certain  points  (par- 
ticularly at  the  deep  holes)  leaked  through  the  cnb-work.  To  avert  any  disaster  which 
might  result  from  this,  and  to  encourage  the  accumulation  of  sand  on  the  outer  side 
to  protect  tbe  timber  from  worms,  several  useless  and  worn-out  flats  were  sunk  at  the 
narrow  points  of  this  water-way,  connecting  the  work  with  the  sand-spit.    About 

■  30,000  sand-bags  were  also  filled  and  deposited  along  both  sides  of  the  work.  The 
result  was  that  several  ponds  were  formed  along  the  outer  side,  which  began  rapidly 
to  fill  up  with  sand. 

As  the  superstructure  approached  completion,  the  accumulation  of  sand  became  very 
Yapid,  not  only  in  the  ponds,  but  along  the  entire  work.  Numerous  shoals,  far  beyond 
this  sand-spit,  also  began  to  show  themselves  at  low-water. 

During  the  first  year  of  the  work  an  attempt  was  made  to  strengthen  the  narrow- 
beach  of  Smith's  Island,  to  the  south  of  the  works,  by  the  construction  of  catch-sand 
fences  filled  in  with  brush,  and  by  the  planting  and  sowing  of  the  native  beach-grass. 
These  efforts  were  continued  from  time  to  time  while  the  work  was  in  course  of  con- 
etniction,  and  with  tolerable  success,  many  of  the  low  places  having  been  elevated 
several  feet  above  their  original  level. 

At  the  Bald  Head  Channel,  at  the  old  mouth  of  the  river,  there  was  a  marked  change 
-and  a  manifest  improvement  during  this  year.  In  May  of  this  year  (1873)  a  Coast- 
Survey  party  made  a  resurvey  of  the  channel,  and  found  fully  9  feet  of  water  entirely 
through  the  channel,  the  lumps  which  were  found  the  year  before  having  disappearetf. 
Between  the  9  foot  curves  at  this  time  there  was  a  distance  of  100  yards  at  the  nar- 
rowest part. 

Before  reviewing  the  operations  of  the  fiscal  year  ending  June  30, 1874,  we  will  refer 
to  two  of  the  recommendations  of  the  Board  of  1872,  at  their  final  meeting  in  Decem- 
ber, 1872,  as  they  touch  upon  the  year's  work  in  question.  The  two  recommendations 
referred  to  are  as  follows : 

*^  2.  That  dredging  be  undertaken  in  the  Bald  Head  Channel  (which  eeems  to  be 
opening)  as  soon  as  funds  are  available  for  that  purpose,  the  mode  and  amount  of 
dredging  to  be  left  to  the  discretion  of  the  superintending  engineer;"  and, 

*•  5.  liiat  the  closing  of  New  Inlet  is  very  desirable,  and  should  be  attempted  as  soon 
as  funds  are  available ;  that,  with  this  object,  a  jetty  should  be  commenced  from  Fed- 
eral Point,  and  follow  the  shoals  in  a  general  southwesterly  direction,  as  indicated  on 
the  latest  map."    *    *    * 

In  accordance  with  the  above  recommendations,  a  project  was  submitted  to  and 
approved  by  the  Chief  of  Engineers,  which  contemplated  the  construction  of  a  jetty  at 
Federal  Point,  on  the  northern  side  of  the  New  Inlet.  It  had  been  proposed  to  attempt 
some  form  of  structure  more  simple  than  crib-work,  as,  for  instance,  pile-work  filled 
with  brush  ;  but,  in  view  of  the  success  of  the  cribs  at  the  old  work,  and  in  order  to 
secure  a  good  landing  and  to  make  a  shelter  for  the  flats  and  boats  in  use  on  the  work, 
it  was  decided  to  construct  the  first  500  feet  of  the  jetty  of  criLffi  similar  to  those  at 

■  the  old  work. " 

In  anticipation  of  this  work,  quarters  had  been  built  for  the  laborers,  and  a  consid- 
erable quantity  of  timber  stored  at  Federal  Point,  and  work  upon  the  jetty  commenced 
during  the  very  early  part  of  July,  (1873.)  As  the  work  progressed,  a  very  serious 
deepening  occurred  in  advance  of  the  line  of  cribs.  JBy  the  time  200  linear  feet  had 
been  placed.in  position,  cribs  12  feet  in  depth  were  required  where  originally  there  were 
only  6  feet  of  water;  and  when,  in  the  November  following,  the  last  crib  (completing 
the\500  feet)  was  placed  in  position,  it  was  sunk  in  19  feet  of  water;  the  original 
depth  having  been  only  6  feet.  Many  of  the  cribs  settled  rapidly  after  having  been 
put  in  position,  and  it  Was  only  by  great  exertions  that  the  cribs  could  be  built  upon 
fast  enough  to  keep  them  above  low-water  mark. 

It  was  now  determined  to  go  no  further  at  present  with  the  jetty,  either  in  its  pres- 
ent or  any  modified  form  of  structure,  but  to  wait  until  the  efiects  of  the  work  should 
develop  themselves.  Meanwhile  a  project  for  continuing  the  work  at  other  points  was 
submitted  to  the  Chief  of  Engineers,  and  by  him  approved,  (December  10.)  The  project 
contemplated  an  attempt  to  remove  the  so-called  *'Log8,"  or  obstructions  above  Camp- 
bell's or  "Big  Island,"  about  11  miles  above  the  New  Inlet,  and  8  miles  below  the  city 
of  Wilmington.  Reference  has  already  been  made  to  certain  work  done  by  the  State 
government  of  North  Carolina  between  the  years  1823  and  1829.  Much  of  this  work 
was  at  the  site  of  tbe  shoal  known  as  the  "  Logs,"  or  in  its  immediate  vicinity.  The 
main  channel  formerly  passed  to  the  west  of  Campbell's  Island.  It  seems  to  have 
been  the  idea  of  the  State  engineer  (Mr.  Fulton)  to  shut  ofi'this  channel  and  cause 
all  the  water  to  pass  to  the  east  of  the  island.  This  he  succeeded  in  doing  by  means 
of  a  dike  from  the  island  to  the  western  shore  of  the  river,  assisted  by  a  jetty  or  de- 
flector located  a  short  distance  above.  The  result  of  this  movement  was  to  cause  the 
river  to  seek  a  new  channel  directly  across  the  *'  Logs."    It  never  succeeded  in  finding 
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or  makioj;  over  9  feet  of  water  at  low-tide.  Capt.  Hartman  Bache,  Topographical 
Engineers,  who  was  in  charge  of  a  snrvey  of  the  Cape  Fear  River,  (directed  by  Con- 
gress in  May,  1826,)  in  a  report  dated  November,  1827,  disapproves  of  the  plan  of  shut- 
ting off  the  channel  to  the  westward  of  Campbell's  Island,  nnt  states  that  as  the  dike 
constructed  has  already  caused  the  formation  of  shoals  above  and  below  it,  he  deems 
it  inexpedient  to  re-open  the  channel. 

The  commission  of  1853  also  state  in  their  report  that  "the  closing  of  the  channel  west 
of  Campbell's  Island  by  the  State  of  North  Carolina,  in  accordance  with  the  plan  of 
Mr.  Fulton,  was  a  mistake,  as  it  was  the  best  channel  at  that  time,  and  as  good  as  the 
present  channel  has  been  made  by  the  expenditure  of  over  $200,000." 

If,  in  1827,  the  channel  to  the  west  of  the  island  had  so  shoaled  as  to  make  it  inex- 
pedient to  re-open  it,  it  is  easy  to  imagine  its  condition  in  1874,  or  47  years  later.  For 
a  distance  of  about  3  miles  the  site  of  the  old  channel  was  occupied  by  an  immense  flat, 
with  here  and  there  a  small  pocket  to  indicate  its  old  locality. 

There  seemed  then  to  be  but  one  practicable  way  of  improving  this  portion  of  the 
ri  ver*  and  that  by  simply  cutting  a  channel- way  through  these  obstructions.  Deep  water 
(from  15  to  18  feet)  was  to  be  found  for  miles  both  above  and  below  the  shoal ;  and 
there  was  every  indication  that,  by  removing  the  obstructions,  not  only  would  the 
channel  maintain  itself  but  deepen  under  the  action  of  the  river-currents.  A  large 
dredge-boat  was  chartered,  fitted  out  with  grappling  apparatus,  and,  proceeding  to  the 
Cape  Fear,  was  engaged  at  the  "  Logs"  from  the  25th  of  March  to  the  11th  oi  April, 
1874.  The  state  of  funds  available  for  the  work  prevented  a  longer  charter  of  the 
dredge ;  but  the  time  was  ample  to  demonstrate  the  feasibility  of  cutting  a  channel 
across  these  obstructions  to  any  desired  width  at  a  very  moderate  cost.  The  result  was 
one  cut  entirely  across  the  upper  portion  of  the  shoal,  or  what  was  known  as  the 
"Logs,"  (a  shoal  existed  immediately  below,  and  will  be  referred  to  hereafter,)  and,  in 
addition,  a  second  cut  about  one-third  of  the  way  across,  over  the  worst  portion.  The 
locality,  it  seems  beyond  doubt,  must  have  been  at  some  time  the  site  of  a  cypress- 
swamp.  Many  cypress-stumps  were  removed,  ranging  in  diameter  from  4  to  7  feet,  to- 
gether with  thousands  of  smaller  stumps,  cypress  knees  and  roots.  But  few  logs  were 
found,  and  those  evidently  had  floated  there  from  some  other  locality.  The  stumps 
that  were  found  projecting  above  the  bed  of  the  river  were  as  sound  as  the  day  they 
grew,  and  were  battered  by  the  keels  of  vessels  which  had  been  passing  over  them  for 
the  last  50  years.  Perhaps  the  most  singular  feature  about  these  stumps  was  the  evi- 
dence that  they  had  been  eaten  off  by  the  teredo,  which,  as  is  well  known,  works  only 
in  the  salt  water.  This,  in  connection  with  the  fact  that  the  water  above  Campbell's 
Island  has  been  perfectly  fresh  since  the  early  settlement  of  America,  goes  to  show  the 
great  age  of  these  stumps.  To  go  back  one  step  further,  and  remark  tnat  the  cypress 
can  grow  only  in  or  in  the  vicinity  of  fresh  water,  and  we  only  add  one  more  period 
o  unknown  duration  to  the  age  of  these  remarkable  stumps. 

The  project  approved  December  10, 1873,  also  contemplated  the  fitting  out  of  an  or- 
dinary steamer  as  a  suction-dredge  to  work  at  the  mouth  of  the  river,  at  the  eastern  or 
Bald  Head  entrance. 

A  propeller  of  145  tons  burden  was  purchased  for  this  purpose.  Her  dredging  ap- 
paratus consisted  of  a  9-inch  centrifugal  pump,  driven  by  a  double  oscillating  engine, 
(10-inch  cylinders,)  the  steam  for  the  same  being  supplied  by  the  boiler  of  the  steamer. 
The  suction-dredge  was  fitted  out  and  prepared  for  work  during  the  early  part  of 
April,  (1874.)  Before  she  had  made  a  fair  trial  of  her  capabilities,  she  was  called  off 
to  assist  in  towing  the  grapple-dredge  to  the  North,  and  did  not  return  to  her  proper 
station  until  after  the  close  of  the  fiscal  year. 

While  the  Federal  Point  jetty  wasjn  progress,  and  during  the  remainder  of  the  fiscal 
year,  manifest  changes  were  taking  place  below.  At  the  old  works,  between  Smith's 
and  Zeke's  Islands,  the  sand  continued  to  accumulate  in  immense  quantities,  until  at 
the  close  of  the  year  the  islands  were  nearly  united  by  an  almost  continuous  beach. 
The  shoals  beyond  this  beach  continued  to  grow  higher,  and  Zeke's  Island  began  to 
resume  its  former  shore-line  as  indicated  by  old  maps.  During  this  year  Zeke's  Island 
commenced  fi;rowing  toward  the  north  and  west,  thus  somewhat  contracting  the  width 
of  the  New  Inlet,  though  abrasion  rather  than  accretion  had  been  looked  for  at  this 
point  as  the  result  of  the  Federal  Point  work.  Going  further  down  the  river,  we  find 
a  threatened  break  at  a  point  of  the  Smith's  Island  beach  about  3  miles  below  the 
old  works,  known  as  the  "  weak  point "  of  the  beach.  Attempts  have  been  made  to 
strengthen  the  narrow  beach  at  this  point,  by  means  of  catch-sand  fences ;  but,  in  spite 
of  this  precaution,  two  swashes  or  small  inlets  occurred  here  during  this  year,  (1874,) 
through  which  quite  a  volume  of  water  passed  at  and  near  high-tide.  The  distance  of 
these  points  from  the  channel  of  the  river,  (over  3  miles,)  and  the  character  of  the  flats 
between,  being  full  of  oyster-rocks,  prevented  any  great  apprehension  being  felt  concern- 
ing them.  No  attempts  were  made  to  close  these  swashes,  although  they  were  care- 
fully watched  for  any  indications  of  serious  danger.  These  need  not  be  referred  to 
again,  as  the  swashes  gradually  filled  up  under  tue  action  of  the  sea,  and  the  beach 
became  apparently  stronger  than  before  the  breaks  occurred. 
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The  gradnal  weariog  away  of  Bald  Head  beaoh  continued,  bat  the  loosened  sand 
brongbt  in  by  the  flood-tides  built  itself  up  in  the  form  of  a  hook  on  the  inner  side  of 
the  beach,  and  the  distance  across  to  Oak  Island,  on  the  other  side  of  the  mouth,  be- 
came no  greater. 

A  Coast-Survey  party  made  a  resurvey  of  Bald  Head  Channel  during  the  months  of 
May  and  June.    Ten  feet  of  water  was  found  entirely  over  the  bar,  a  clear  gain  of  I 
foot  during  the  year.   The  channel  was  buoyed  out  during  the  year,  and  an  occasional 
vessel  passed  safely  through.    The  depth  of  water  on  the  rip  of  the  western  channel 
remained  at  about  9  feet. 

The  most  interesting  feature  in  the  operations  for  the  fiscal  year  ending  June  30^ 
1875,  was  the  cutting  of  a  channel  behind,  or  to  the  west  of,  the  "  Horseshoe"  Shoal, 
located  on  the  western  side  of  the  river,  and  opposite  and  below  the  New  Inlet. 

The  older  maps,  executed  before  the  breaking  out  of  the  New  Inlet,  are  so  meager  in 
details  that  it  is  impossible  to  tell  by  them  whether  the  channel  formerly  passed  to  110 
east  or  the  west  of  the  present  site  of  the  shoal.  The  concave  form  of  the  western 
shore  at  this  point,  the  bluffs  along  the  bank,  and  the  existence  of  deep  pockets  near 
this  shore,  lead  the  observer  to  conclude  beyond  a  doubt  that  at  some  time  the  main 
channel  was  here.  The  inference  is  that  the  channel  was  drawn  toward  the  eastward, 
due  to  the  influence  of  the  inlet-current,  that  the  old  channel  became  fi.lled  up,  and 
that  the  water,  seeking  a  more  eastern  route,  cut  out  the  present  shallow  and  tortuou» 
channel  around  the  *^  Shoe."  Less  than  9  feet  of  water  can  be  carried  around  the 
"Horseshoe"  at  low-tide.  It  is  very  easy  to  perceive  how  this  whole  shoal  might 
have  been  formed  under  the  influence  of  the  tides  at  the  inlet.  The  flood-tide  coming 
in  at  the  inlet  runs  d^um  the  river  for  a  full  hour  before  it  meets  the  flood-tide  coming 
nj)  from  the  old  mouth.  The  point  at  which  these  distinct  tides  meet  varies  each  day 
with  the  prevailing  wind,  state  of  the  river  as  to  freshets,  &o.,  but  is  always  located 
within  the  limits  occupied  by  this  shoal.  The  same  may  be  said  of  the  point  of  sepa- 
ration of  the  two  ebb-tides,  one  starting  up  river  to  go  out  at  the  inlet,  the  other 
going  doton  to  pass  out  at  the  old  mouth. 

This  constant  meeting  and  separating  of  contrary  currents  is  sufficient  to  account 
for  the  deposition  of  this  material. 

The  dredging  behind  the  Horseshoe,  although  acknowledged  to  be  to  a  certain 
extent  experimental,  had  in  its  favor  these  advantages :  the  new  channel  would  natu- 
rally assist  and  be  assisted  by  any  future  work  for  the  construction  of  New  Inlet ;  the 
water  drawn  away  from  the  inlet  would  necessarily  have  to  pass  out  at  the  old  mouth; 
and,  if  the  channel  should  remain  permanent,  it  would  be  of  great  service  to  shipping, 
both  as  regards  distance  and  depth  of  water. 

The  project  for  the  cutting  of  this  channel  having  been  duly  approved  by  the  Chief 
of  Engineers,  a  contract  for  the  requisite  amount  of  dredging  was  awarded  to  Messrs. 
Curtis  &  Fobes.  Work  was  commenced  during  the  early  part  of  September,  1874,  and 
continued  until  the  latter  part  of  the  May  following,  when  the  contract  was  completed, 
a  channel  100  feet  in  width  at  bottom  and  9  feet  in  depth  at  ordinary  low-tide  having 
been  secured.     A.bout  95,000  cubic  yards  of  material  were  removed  to  accomplish  this. 

During  thd  remainder  of  this  fiscal  year,  and,  in  fact,  until  dredging  was  resumed  at 
the  Horseshoe  the  following  August,  the  suction-dredge  was  engaged  in  dredging 
in  this  new  channel,  particularly  at  the  upper  end  of  the  cut,  where  there  was  a  slight 
tendency  to  bhoal. 

The  suction-dredge  not  only  maintained  the  full  depth  of  9  feet,  but  slightly 
increased  it. 

The  next  most  interesting  portion  of  this  year's  operations  was  the  resumption  of 
work  at  the  "  Logs,"  above  Campbell's  Island.  As  stated  before,  one  cut  and  about  one- 
third  of  another  had  been  made  across  the  "Logs"  (proper) during  the  previous  fiscal 
year.  Work  was  resumed  here  on  December  17  (1874)  with  one  large  dredge,  fitted 
up  with  grappling  apparatus,  and  continued  until  the  last  week  of  the  June  following. 

During  the  last  four  weeks  of  this  time  an  additional  dredge  was  employed.  The 
result  of  this  work  was  the  completion  of  6  cuts  across  the  "Logs,"  the  cuts  aggre- 
gating 245  feet  in  width ;  and,  at  the  shoal  below  the  "  Logs,"  3  cuts  entirely  across, 
aggregating  125  feet  in  width.  The  character  of  the  bottom  at  the  "  Logs  "  has  already 
been  described.  At  the  shoal  below  the  bottom  was  found  to  be  somewhat  different. 
The  stumps  met  with  were  not  as  numerous  as  at  the  "  Logs ; "  but  those  encountered 
were  mostly  larger  and  much  more  difficult  to  be  removed.  Much  of  the  material 
was  taken  ujp  by  the  ordinary  bucket  without  the  aid  of  the  grapple,  and  was  dumped 
through  ordinary  scow.8.  The  stumps  and  larger  roots  were  loaaed  and  removed  on 
decked  scows.  Twelve  feet  of  water  at  ordinary  low-tide  was  thus  secured  entirely 
across  the  "Logs"  and  the  shoal  below,  which  is  an  increase  of  3  feet  over  the  original 
depth. 

During  this  year  (1874-75)  the  suction-dredge  worked  continuously  from  August  13 
at  the  Bald  Head  Channel,  except  during  the  time  mentioned  above,  when  she  was 
engaged  at  tlie  Horseshoe  cut.  The  dredge  is  not  well  adapted  to  working  in  rou^h 
water,  and  much  time  was  lost  by  her  on  that  account.    Under  the  most  favorable  oir- 
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cnmstances,  she  was  able  to  remove,  carry  well  over  the  bar,  and  dump  160  cubic  yards 
of  sand  per  day.  This  would  be  at  a  cost  of  just  about  25  cents  per  yard,  provided  no 
lost  time  came  in  to  increase  the  average  cost. 

The  probability  is  that  the  sand  stirred  up  by  her  shoes  and  carried  away  by  the 
current  amounted  to  many  times  as  much  as  that  absolutely  removed  by  the  pump. 

At  the  close  of  the  fiscal  year  there  were  to  be  found  IH  feet  of  water  on  the  Bald 
Head  Bar  at  ordinary  low-water ;  an  increase  of  18  inches  during  the  year.  At  the 
jetty  at  Federal  Point  nothing  was  done  during  the  year,  except  to  replace  8  top 
cribs  which  had  floated  away,  the  worms  having  destroyed  the  bottom  planking. 

At  the  old  works,  between  Smith's  and  Zeke's  Islands,  the  accumulation  of  sand  was 
immense,  and  at  last  the  2  islands  became  connected  by  a  continuous  beach.  About 
one-half  of  the  work  became  covered  with  sand,  and  a  regular  sand-beach  formed  on 
the  inner  or  river  side  of  the  work,  thus  effectually  protecting  this  portion  of  the  work 
from  further  damage  by  worms.  An  abrasion  x>f  the  point  of  Smith's  Island,  below 
the  old  works,  led  to  the  construction  of  about  1,300  feet  of  narrow  crib- work  for  its 
protectioB.    This  work  was  done  during  May  and  June,  1875. 

During  the  fall  of  1874,  the  water  on  the  Bald  Head  Bar  having  become  manifestly 
better  than  that  on  the  rip  of  the  western  channel,  the  latter  was  abandoned  by  ship- 
ping and  the  former  came  into  general  use.  The  result  was  that  the  lightening  of 
vessels,  which  was  formerly  carried  on  in  an  exposed  position,  between  the  rip  and  the 
bar  of  the  western  channel,  was  now  carried  on  in  the  river,  in  front  of  the  village  of 
Smithville,  at  a  greatly-reduced  cost. 

During  the  fiscal  year  just  ended  (June  30, 1876)  an  important  step  was  taken  at  the 
New  Inlet. 

At  the  beginning  of  the  year,  the  500  feet  of  jetty  at  Federal  Point  had  been  stand- 
ing for  a  period  of  18  months.  Its  effect  upon  the  inlet,  and  upon  the  river  below,  had 
been  carefully  watched,  and  no  new  developments  were  anticipated.  The  new  cut 
behind  the  Horseshoe  was  standing  well,  and  drawing  a  large  quantity  of  water 
toward  the  western  side  of  the  river.  The  improvement  at  the  "  Logs"  had  provided 
as  much  water  in  the  upper  river  as  could  be  carried  over  the  bar,  and  the  time  seemed 
ripe  for  attempting  a  further  contraction  of  the  inlet. 

Proposals  were  accordingly  invited  for  continuing  work  at  the  inlet,  either  by  un- 
dertaKing  the  closure  of  the  inlet  as  a  lump  job,  by  extending  the  old  jetty  to  a  specie 
fied  length,  or  by  constructing  an  apron  entirely  across  the  inlet. 

In  case  bids  were  to  be  made  for  the  latter,  bidders  were  to  be  governed  by  drawings, 
(made  under  the  direction  of  the  officer  in  charge  of  the  work,)  showing  plan  and  sec- 
tions of  such  an  apron  as  seemed  to  the  Government  to  be  desirable,  referring  to 
dimensions  only,  and  not  specifying  the  class  of  material  to  be  used,  and  the  method 
as  well  as  the  extent  of  work  they  were  willing  to  undertake. 

After  some  delay,  caused  by  the  rejection  ot  one  entire  set  of  proposals,  a  contract 
was,  on  the  second  opening  of  bids,  awarded  to  Bangs  &  Dolby,  of  New  York  State^ 
for  the  construction  of  an  apron  entirely  across  the  inlet.  The  apron  was  (in  accord- 
ance with  the  Government  drawings)  to  vary  in  width  with  the  depth  of  water  at  the 
various  points  on  the  proposed  line  of  work.  This  gave,  at  the  deepest  water,  a  width 
of  70  feet ;  at  the  shoalest,  a  width  of  40  feet ;  average  width,  53  feet.  This  width  was 
such  that  if  the  structure  were  brought  up  with  a  slope  of  1  on  2  on  the  sea-side, 
and  1  on  1  on  the  river-side,  it  would  have  a  width  of  16  feet  at  ordinary  low-water 
mark.  The  apron  was  to  be  4  feet  in  thickness,  and  was  to  consist  of  1  layer  of  round 
timber  1  foot  in  thickness,  1  layer  of  brush  1  foot  in  thickness ;  the  remaining  2  feet 
to  consist  of  stone. 

The  apron  was  to  follow  the  line  laid  down  by  the  officer  in  charge  of  the  work,  and 
the  contractors  were  to  guarantee  the  permanence  of  the  structure  for  the  period  of 
1  year. 

The  line  laid  down  for  the  apron  was  broken,  and  consisted  of  3  sections.  The 
first,  920  feet  in  length,  was  on  the  prolongation  of  the  line  of  the  Federal  Point  jetty ; 
the  second,  1,588  feet  in  length,  ran  along  the  crest  of  the  6-foot  shoal,  in  a  direction 
nearly  tangential  (a  little  outside)  to  Zeke's  Island ;  the  third,  1,844  feet  in  length, 
crossed  the  inlet  channel  and  rested  on  the  shore  of  the  island  at  the  site  of  Wood- 
bury's old  wharf. 

Total  length  of  apron,  4,352  feet. 

The  contract  for  the  execution  of  the  above  work  was  dated  August  25,  1875.  Work 
was  commenced  early  in  October, -1875,  and  the  entire  work  was  satisfactorily  com- 
pleted about  the  middle  of  June,  1876.  The  apron  consists  of  successive  rafts  or  mat- 
tresses of  timber  and  brush,  sunk  in  juxtaposition  on  the  line  of  work.  The  raattressea 
average  about  40  feet  in  length,  measured  on  the  line  of  work,  and  in  width  corre- 
spond with  the  required  width  of  apron.  The  timbers  are  placed  lengthwise  with  tho 
current,  or  across  the  line  of  the  work. 

But  little  if  any  settlement  occurred  after  a  mattress  was  once  in  position.  There 
was,  however,  a  tendency  to  scour  in  advance  of  the  line  of  work,  so  that  the  indi- 
vidual mattresses  were  sunk  (on  an  average)  in  nearly  3  feet  more  water  than  the 
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original  sonndings  called  for.    In  calculating  the  required  width  of  the  apron,  before 
the  work  was  commenced,  an  allowance  of  2  feet  was  made  for  the  anticipated  sconr. 

There  has  also  been  a  tendency  to  scour  along  both  sides  of  the  apron,  particularly 
on  the  river-side  of  the  second  section.  This  has  been  so  slight  as  not  to  jeopardize  the 
work,  and  shows  that  the  first  section  of  the  apron,  in  conjunction  with  the  Federal 
Point  jetty,  is  doing  good  service  as  a  deflector  of  the  ebb-currents. 

While  the  New  Inlet  apron  was  in  course  of  construction  the  new  channel  behind 
the  Horseshoe  Shoal  was  bein|^  widened  and  deepened.  A  contract  for  this  dredging 
was  awarded  to  Messrs.  Curtis  &  Fobes.  Work  was  commenced  on  August  9, 1875, 
and  completed  on  May  13,  1876.  The  result  of  this  dredging  was  the  enlargement 
of  the  channel  to  190  feet  in  width  at  bottom,  and  to  12  feet  in  depth  at  ordinary  low- 
water.  A  Utile  over  280,000  cubic  yards  of  material  were  removed  to  accomplish  this. 
The  channel  stands  well,  except  at  the  upper  end  of  the  cut,  where  there  is  a  tendency 
to  shoal^  as^  was  the  case  with  the  9-foot  channel.  It  is  reported,  however,  by  the  as- 
sistant in  immediate  charge  of  the  work  (M.  H.  Bacon)  that,  since  the  completion  of 
the  apron  at  the  inlet,  this  tendency  to  shoal  has  diminished.  The  new  channel  has 
also  come  into  general  use ;  and  it  is  believed  that  the  frequent  passing  of  propellers 
will  keep  the  channel  open  at  this  point,  as  did  the  suction-dredge  during  the  interval 
between  the  completion  of  the  9-foot  channel  and  the  commencement  of  dredging  to 
12  feet  in  depth.  At  all  events,  the  channel  should  be  "kept  open  as  long  as  further 
operations  at  New  Inlet  are  contemplated,  even  if  a  considerable  annual  expenditure  is 
thereby  involved. 

The  construction  of  the  apron  at  New  Inlet  and  the  enlargement  of  the  Horseshoe 
Channel  constituted  the  principal  work  of  the  late  fiscal  year. 

Of  the  minor  operations,  the  removal  of  the  confederate  obstructions  before  the  city 
of  Wilmington  was  the  most  important  and  interesting. 

These  obstructions  were  located  about  3  miles  below  the  cit^  of  Wilmington,  N. 
C.  They  consisted  of  rows  of  grillages,  loaded  with  stone  sufficient  to  keep  them  in 
position,  with  timbers  10  by  10  inches  inclined  down  stream  at  an  angle  of  45^.  These 
timbers  came  nearly  up  to  low- water  mark ;  were  provided  with  iron  points,  and 
were  placed  at  intervals  of  5  feet.  They  were  mortised  into  the  up-stream  side  of  the 
grillages,  but  were  so  slightly  held  that  it  was  expected  they  would  turn,  as  on  a  hinge, 
as  a  vessel  advanced  upon  them,  until,  as  they  approached  a  vertical  position,  their  pen- 
etrating power  would  be  increased. 

Off  these  grillages,  2  rows  existed  on  the  eastern  side  of  the  channel,  and  1  upon  the 
western  side,  aggregating  about  500  yards  in  length.  In  addition  to  these,  a  quan- 
tity of  railroad-iron  had  been  pointed  and  arranged  in  the  form  of  chevaux-de-frlse, 
and  put  in  (without  much  regard  to  order)  about  the  ends  of  the  rows  of  grillages 
toward  the  cnannel,  leaving  a  very  narrow  passage. 

These  obstructions  were  removed  during  the  months  of  July  and  August,  1875.  The 
pointed  timbers  were  broken  from  their  mortises  by  means  of  a  tug  pulling  up  stream 
with  a  hawser  attached,  and  the  iron  chevaux-de-frise  were  removed  by  means  of 
tackling  attached  to  the  temporary  yard-arm  of  a  schooner,chartered  and  rigged  for  the 
purpose. 

The  grillages  could  not*  be  upset  with  the  appliances  at  hand,  and  were  left  at  the 
bottom ;  but  they  in  no  way  impede  navigation,  there  being  14  feet  of  water  over 
them  in  the  channel  at  low- water. 

The  suction-dredge  continued  her  operations  on  the  Bald  Head  Channel  until  the  Ist 
of  Februarv,  1876,  when  she  was  laid  up,  her  boiler  having  become  too  old  for  service 
and  her  bull  being  badly  worm-eaten. 

On  the  completion  of  dredging  at  the  Horseshoe  Channel,  1  of  the  dredges  was 
employed  for  about  10  days  in  trimming  up  at  the  lower  end  of  the  cuts  across  the 
shoal  below  the  "  Logs,"  and  in  cutting  through  a  short  sboal  which  had  formed  imme- 
diately above  the  upper  eastern  jetty,  and  just  below  the  site  of  the  confederate  ob- 
structions referred  to  above.  The  formation  of  this  shoal  has  been  attributed  to  the 
presence  of  the  obstructions  above.  If  this  theory  be  correct,  as  seems  likely,  there 
will  be  no  recurrence  of  the  shoal. 

During  the  year  the  depth  of  11^  feet  at  ordinary  low- water  has  been  maintained  on 
the  Bald  Head  Bar.  While  this  is  no  increase  upon  the  depth  reported  a  year  ago, 
there  has  nevertheless  been  a  marked  improvement  of  the  bar.  Since  the  re-opening 
of  channel  there  have  been  on  the  bar  what  are  known  as  the  inner  and  outer 
"  lumps."  The  latter  has  deepened  to  fully  12  feet,  and  the  inner  lump  has  become  so 
narrow  that  rarely    more  than  1  sounding,  as  small  as  11|  feet,  is  obtained  while 

gassing  over  the  bar  with  a  tug-boat  at  half  speed,  which  goes  to  prove  that  the  bar 
as  not  yet  reaped  the  foil  benefits  of  the  works  above. 

This  historical  sketch  of  the  Cape  Fear  River  improvement  is  now  brought  up  to 
the  present  date. 

It  may  not  be  uninteresting,  in  conclusion,  to  briefly  recapitulate  the  improvements 
to  navigation  which  this  most  interesting  work  has  already  secured.  From  the  bar 
of  the  river  to  the  city  of  Wilmington  12  feet  of  w&ter  can  be  carried  at  ordinary 
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low-tide.  This  is  an  id  crease  of  over  3  feet  since  operations  were  commenced  in  the 
fall  of  1870.  The  principal  merit  of  this  part  of  the  improvement  is  that  it  has  every 
appearance  of  permanence,  excepting,  possibly,  at  the  cut  behind  the  Horseshoe. 

This  channel  may  depend  for  its  security  apon  a  farther  contraction,  or  the  entire 
closure  of  New  Inlet. 

There  is  no  record  to  show  positively  that  this  depth  of  water  to  the  city  of  Wil- 
mington ever  existed  before.    It  certainly  has  not  during  the  last  54  years. 

The  restoration  of  the  old  Bald  Head  Channel  secares  a  better  entrance  to  the  river 
than  it  has  had  since  the  report  of  Mr.  Fulton  in  1823,  when  he  says  that  "ves- 
sels drawing  from  15  to  16  feet  of  water  may  pass  over  the  bar  at  high  water  in  per- 
fect safety.'"  This  class  of  vessels  can  and  are  doing  so  now.  The  permanence  of  this 
improvement  depends,  no  doubt,  upon  the  security  of  the  work  already  completed  in 
the  vicinity  of  New  Inlet.  At  the  old  works  nature  is  every  day  adding  to  their  seen- 
ritv,  by  the  immense  quantities  of  sand  which  is  accumulating  there. 

At  the  inlet  we  have  a  structure  entirely  across  it,  with  its  permanence  guaranteed 
for  the  period  of  1  year  from  date ;  and,  although  it  is  true  the  water-way  of  the 
inlet  is  contracted  but  little  by  it,  yet,  looking  to  the  future,  we  may  regard  it  (as  it 
was  intended  to  be)  as  a  substructure  which  may  hereafter  be  raised  to  any  desired 
height,  even  to  the  entire  closure  of  the  inlet,  if  funds  are  provided  for  the  purpose. 

Respectfully  submitted. 

Chas.  B.  Phillips, 
Captain  of  Engineers,  U.  S,  A. 

Miy.  Wm.  p.  Craighill, 

Corps  of  Engineers,  U.S.A. 


F  14. 

aqueduct  bridge  over  the  potomac  river- 

United  States  Engineer  Office, 

Baltimore^  Md.^  March  8,  1876. 

Oeneral  :  On  the  9th  of  February  I  was  notified  that  I  had  been 
detailed  by  the  Secretary  of  War  to  make  an  examination  of  and  report 
upon  the  condition  of  the  Aqueduct  bridge  over  the  Potomac  River,  in 
pursuance  of  a  resolution  of  the  Senate  in  the  words  following,  viz : 

In  the  Senate  of  the  United  States, 

Febriiary  3,  187G. 

Besolvedy  That  the  Secretary  of  War  be  directed  to  detail,  as  early  as  possible,  an 
officer  of  Engineers  to  make  an  examination  of  and  report  upon  the  present  condition, 
as  respects  safety  and  permanency,  of  the  Aqueduct  bridge  over  the  Potomac  River,  at 
Georgetown,  D.  C. 

Attest:  Geo.  C.  Gorham, 

Secretary. 

I  inspected  the  bridge  in  person  February  14,  and  then  arranged  for 
a  thorough  critical  examination  of  all  its  parts  as  to  which  there  was 
any  apprehension  of  weakness.  This  examination  was  made  by  my 
direction,  in  a  very  careful  manner,  by  Lieutenant  Turtle,  of  the  Corps 
of  Engineers,  whose  report  and  drawings  are  herewith  forwarded. 

I  trust  to  be  excused  for  remarking  here  that  the  duty  imposed  by 
the  resolution  of  the  Senate  has  been  deemed  one  of  delicacy  and  respon- 
sibility, which  I  should  much  prefer  had  been  committed  to  some  other 
person.  There  are  conflicting  interests,  the  one  desiring  the  positive 
condemnation  and  removal  of  this  bridge,  and  the  other  insisting  upon 
its  retention,  or  upon  payment  of  damages  for  its  removal.  Disregard- 
ing this  cause  of  probable  dissatisfaction  with  any  judgment  given  by 
me  on  this  subject,  I  cannot  lose  sight  of  the  importance  of  reaching  a 
correct  conclusion  with  reference  to  a  structure  upon  which  human 
lives  are  daily  put  in  jeopardy  if  it  be  not  entirely  safe. 
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The  act  of  Congress  approved  July  27, 1868,  (Statutes  at  Large,  voL 
15,  page  231,)  specified  the  condition  on  which  certain  tolls  could  be 
collected  by  the  persons  controlling  this  bridge.  The  condition  was  the 
certificate  of  the  Chief  of  Engineers  of  the  Army  that  the  bridge  was 
so  far  completed  as  to  be  ready,  fit,  and  convenient  for  the  passage*  of 
persons,  animals,  and  vehicles.  This  certificate  was  given  January  9, 
1869.  (See  attached  copies  as  follows,  viz :  Two  letters  of  Maj.  N. 
Michler,  Corps  of  Engineers,  dated  January  2,  1869,  and  January  8, 
1869,  and  letter  of  Chief  of  Engineers,  dated  January  9, 1869.) 

The  bridge  has  been  in  almost  daily  use  since,  and  has  borne,  without 
accident  to  life  or  limb,  as  far  as  I  can  ascertain,  the  strain?  brought 
upon  it  by  ordinary  travel ;  but  it  has  also  been  subjected  to  severe 
tests  on  occasions  which  have  caused  crowds  of  people,  on  foot  and  in 
vehicles,  to  cross  it,  going  to  and  returning  from  the  national  cemetery 
at  Arlington.  No  accident  has  happened  on  any  of  these  occasions,  as 
far  as  I  can  learn. 

The  material  of  which  the  bridge  is  built  is  subject  to  decay,  and 
has  decayed,  as  Lieutenant  Turtle's  report  shows.  Watchfulness  and 
prompt  replacement  of  decayed  parts  would  go  far  to  maintain  the 
original  strength  of  the  structure.  Without  these  there  is  constant 
danger.  Extensive  repairs  are  now  in  progress,  and  are  intended  to  be 
thorough,  1  am  informed.  Summarily,  the  bridge  in  its  present  condition 
cannot,  in  my  judgment,  be  considered  safe.  If  thoroughly  repaired 
and  adjusted  according  to  the  present  plan,  it  will  be  as  safe  as  the  cer- 
tificate of  the  Chief  of  Engineers  stated  it  to  be  in  1869,  and  as  severe 
trial  and  use  have  since  shown  it  to  be. 

The  present  plan  and  arrangements  of  the  bridge  are  not  the  best^ 
and  are  barely  admissible  for  such  a  structure  with  the  relations  it  has 
to  the  capital  city  of  the  nation,  or  to  any  important  city,  where  not 
only  strength  but  sightliness  should  be  considered. 

The  "  permanency,"  or,  in  other  words,  the  continued  safety  of  the  struc- 
ture, can  only  be  assured  by  unremitting  attention  to  keeping  all  its 
parts  in  thorough  repair  and  adjustment,  and  the  enforcement  of  proper 
regulations  for  its  use  on  all  occasions,  and  especially  when  the  occa- 
sions are  extraordinary  and  subject  it  to  unusual  strains. 

The  stone  piers  of  the  structure  are  entirely  safe, 

Mr.  Dungan,  representing  the  bridge  company,  courteously  offered 
me,  both  by  letter  and  in  person,  every  facility  for  a  thorough  examina- 
tion of  the  bridge. 

Very  respectfully,  your  obedient  servant, 

W.  P.  Craighill, 

Major  of  Engineers^ 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  TT,  8.  A. 


report  of  libdtknant  thomas  turtle,  corps  of  engineers. 

United  States  Engineer  Office, 

Baltimore^  ifrf.,  March  8,  1876. 

Major  :  I  have  the  honor  to  sabmit  the  foUowing  report  of  an  examination  made  of 
the  Aqnednct  bridge  at  Georgetown,  D.  C,  in  pursuance  of  a  resolution  of  the  Senate 
reqniring  a  report  "  upon  the  present  condition,  as  respects  safety  and  permanency,"  of 
this  bridge. 

With  respect  to  the  permanency  of  the  bridge,  it  can  only  be  said  that,  being  of  wood, 
it  is  subject  to  the  decay  and  deterioration  of  bridges  of  its  class,  and  that  to  be  kept 
in  order  it  must  receive  constant  repairs.    The  necessary  repairs,  however,  being  made. 
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mrill  insure  its  permanency  indefinitely;  provided,  of  conrse,  that  it  be origiilally  of  stiffl- 
«ient  strength  for  its  uses. 

The  present  lessees  were  authorized  by  act  of  Congress,  approved  July  27, 1868,  to 
collect  in  advance  certain  tolls  '^as  soon  as  the  Chief  Engineer  of  the  Army  shall  cer- 
tify to  the  Secretary  of  War  that  the  said  bridge  is  so  far  completed  as  to  be  ready,  fit, 
.-and  convenient  for  the  passage  of  persons,  animals,  and  vehicles/'  The  Chief  of  Engi- 
neers certified  to  that  eiiSect  on  January  9, 1869,  since  which  time  the  bridge  has  been 
•<$outinnonsly  opefrated  for  the  passage  of  persons,  animals,  and  vehicles. 

I  have  learned  of  no  accident  since  its  opening,  and  the  bridge  must  receive  the 
•credit  for  the  service  performed ;  which  shows  that  for  a  perioa  of  seven  years  its 
safety  has  been  proven  by  its  success.    Repairs  were  in  progress  during  my  inspection, 
and  upon  the  thoroughness  of  those  repairs  depends  the  future  safety  of  the  bridge. 

From  the  Greorgetown  to  the  Virginia  shore  the  bridge  consists  of  various  parts,  viz : 

1st.  An  abutment  and  two  lengths  of  12  by  5  inch  longitudinal  floor-joists,  with  cross- 
planking  supported  upon  trestles. 

2d.  A  single  length  of  truss  spanning  the  canal  and  connecting  with — 

3d.  A  series  of  trestles  extending  across  the  approach  to  the  aqueduct,  supporting 
the  roadway  above. 

4th.  The  nine  spans  of  trusses  over  the  river  to  the  Virginia  shore,  and — 

5th.  A  series  of  trestles  connecting  with  an  abutment  on  that  shore. 

The  various  parts  will  be  considered  in  turn. 

1st.  The  abutment  is  in  very  poor  condition.  How  much  of  this  condition  is  due  to 
late  street  improvement  I  cannot  say.  The  longitudinal  floor-joists  which  support  the 
planking  are  in  poor  condition,  so  much  so  as  to  be  unsafe,  and  should  be  overhauled 
at  once.    Borne  of  these  are  broken.    The  planking  is  very  poor. 

2d.  The  joints  of  the  bottom  chord  of  the  up-stream  truss  are  all  parted,  showing 
that  the  truss  requires  screwing  up.  The  timbers  of  this  chord  are  generally  sound. 
I  found  two  places  showing  rot,  but  not  seriously  damaged.  The  upper  chord  of  this 
truss  is  rather  worse ;  four  or  five  of  its  timbers  should  soon  be  renewed.  Two  of  the 
•counter-struts  are  poor,  and  one  is  displaced  from  its  bearing.  The  screwing  up  of  the 
truss  would  remedy  this  latter.  One  strut  is  somewhat  crushed  at  its  upper  end,  and 
•one  is  shaky ;  the  latter  was  probably  made  from  a  bad  piece  of  timber. 

The  bottom  chord  of  the  down-stream  truss  is  generally  in  good  condition  as  regards 
soundness,  but  its  shore-end  is  crushed  and  shaky,  and  insecure  on  its  support.  The 
upper  chord  of  this  truss  has  one  very  bad  timber  and  some  shakes.  Others  of  its 
timbers  are  more  or  less  decayed.  Debris  collected  near  the  river-end  of  the  lower 
■chord  has  somewhat  rotted  it.  One  post  at  the  shore-end  is  partially  rotten  and  cut 
away.  One  post  at  the  river-end  is  poor.  One  strut  is  rotten  and  two  counter-struts 
are  shaky.  The  truss  should  be  screwed  up,  two  of  the  counter- struts  being  loose 
from  their  bearings.  A  large  hewn  timber  under  the  river-ends  of  these  trusses  is 
''' sagged 'Mn  the  middle,  causing  the  supporting-posts  of  this  timber  to  incline  in- 
wara  at  the  top. 

With  proper  care  and  watchfulness,  I  should  anticipate  no  present  danger  to  this 
section  under  the  strain  of  ordinary  traffic,  if  the  shore-end  of  the  lower  chord  of  the 
•down-stream  truss  be  secured,  the  trusses  screwed  up  to  proper  bearings,  and  the 
rotten  strut  renewed.    The  other  defects  should  be  remedied  in  the  near  future. 

3d.  The  trestles  of  this  section  which  support  the  roadway  are  constrmcted  as  shown 
by  the  accompanying  sketch.  The  sketch  is  an  elevation  looking  toward  the  river 
from  the  Georgetown  shore.  All  these  trestles  are  more  or  less  ''  sageed.''  The  iron 
rods  along  the  struts  on  the  up-stream  side  are  bent  to  a  horizontal  eyelet  at  the  lower 
end,  through  which  passes  an  iron  pin  set  in  the  coping.  The  top  of  the  iron  pin  was 
then  bent  outward  as  shown  in  the  sketch.  All  these  rods  are  of  little  value,  some 
of  them  none  whatever,  for  the  only  purpose  they  can  possibly  fulfill,  that  of  prevent- 
ing the  bending  down  of  the  cap-timbers  of  th(9  trestles  by  holding  the  post  in  a  ver- 
calposition.    This  entire  section  is  unsafe  and  insecure. 

Mt^or  Michler,  in  his  report  to  the  Chief  of  Engineers,  dated  January  2, 1869,  speaks 
thus  of  this  (the  northern)  approach  to  the  bridge : 

"  The  trestle-work  at  the  north  end  is  but  a  temporary  substitute,  and  will  be  re- 
placed, so  the  secretary  and  treasurer  of  the  company  informs  me,  by  iron  posts  and 
girders.'' 

No  steps  have  been  taken  to  carry  this  project  to  a  conclusion,  though  it  is  now  seven 
years  since.  M^jor  Michler  further  states :  *'  The  company  promise  to  render  the 
approaches  safe  and  secure." 

4th.  This  section  sustains  the  roadway,  which  is  supported  on  the  top  chords,  and 
the  aqueduct-trunk^  which  is  supported  directly  by  the  lower  chords  of  the  trusses. 
Both  must  be  considered  in  discussing  the  question  of  safety.  Accompanying  this 
report  is  a  tracing  copied  from  drawings  of  the  company,  showing  the  construction  of 
these  trusses. 

The  bridge  as  first  constructed  was  composed  only  of  those  portions  shown  by  full 
black  lines.    Afterward,  the  arch-ribs,  with  their  adjuncts,  shown  by  the  red  lines 
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were  added.  Still  later,  (I  shoald  judge,  as  the  addition  is  shown  only  in  pencil  ou  the 
drawings  from  which  the  copies  were  taken,)  the  string-piece,  with  strata,  shown  in 
broken  black  lines  on  the  elevation  of  trasses,  was  added  as  supports  to  the  aqnedact- 
trunk.  Studs  were  introduced  between  this  string-piece  and  the  cross-timbers,  upon 
which  the  aqueduct- trunk  rests.  This  string-piece  is  '*  sagged  "  more  or  less  in  all  the 
spans,  and  to  make  up  for  this  sagging  the  studs  in  many  instances  are  supplemented 
by  blocks  to  increase  their  length.  Altogether  this  last  addition  is  too  slight  to  be 
with  safety  considered  in  the  stability  of  the  structure,  especially  as  all  the  cross-tim- 
bers restiog  on  the  lower  chords  and  supporting  the  aqueduct-trunk  are  either  bent  or 
broken.  Tuese  cross-timbers  affect  the  roadway  but  very  remotely,  and  are  to  be  con- 
sidered very  little  in  the  safety  of  the  latter.  The  dotted  black  lines  in  the  cross-sec- 
tion, though  shown  in  the  original  drawings,  do  not  exist.  The  project  for  carrying  a 
railroad  over  has  not  been  carried  out,  and  the  side  railings  are  supported  by  posts 
attached  to  the  end  of  the  cross-timbers  or  joists  supporting  the  roadway.  These  joists 
extend  only  to  the  outer  side  of  the  trusses,  as  shown. 

The  red  lines  show  the  parts  pertaining  to  the  arch-ribs.  The  inner  ribs  are  as 
shown  in  the  drawing.  I  should  judge  that  it  was  the  intention  that  the  outer  ribs 
should  also  be  as  shown,  but  the  rise  was  made  greater  than  anticipated,  and  the  tops 
of  the  ribs  come  nearly  or  quite  up  to  the  top  of  the  upper  chords  of  the  trusses.  As  a 
consequence,  it  has  been  necessary  to  partially  cut  away  the  upper  stick  of  the  outer 
ribs  to  admit  the  washer,  nut,  and  end  of  the  two  cross-rods  connecting  the  upper 
chords  at  the  middle  of  the  span,  thus  to  some  extent  injuring  the  strength  of  the  ribs. 

The  upper  sticks  of  the  arch-ribs  have  also  been  cut  into,  to  provide  horizontal  seats 
for  the  blocks  upon  which  the  washers  rest.  It  will  be  observed  that  the  assistance 
rendered  by  the  arch -ribs  to  support  the  weight  of  the  structure  and  its  load  depends 
entirely  upon  the  relative  degree  to  which  the  vertical  rods  pertaining  to  the  arch 
ribs  and  trusses  are  screwed  up.  This  assistance  may  be  nothing,  or  the  entire  strain 
may  be  thrown  upon  the  ribs,  or  the  entire  strain  may  be  thrown  upon  two  ribs,  one 
at  each  truss. 

In  an  imperfect  combination  of  this  kind  the  entire  structure  may  fail  through  the 
successive  failure  of  its  parts  from  imperfect  adjustment,  even  though  the  structure, 
taken  as  a  whole,  may  be  amply  capable  of  sustaining  the  strain  to  which  it  is  sab> 
jected. 

The  proper  adjustment  depends  entirely  upon  the  care  and  watchfulness  of  the 
bridge  company,  and  cannot  be  predicated  in  advance.  The  attention  which  the 
matter  deserves  is  scarcely  to  be  expected  if  we  take  the  care  evinced  in  the  past  as 
a  criterion  by  which  to  judge  of  the  future.  Most  of  the  rot  found  at  the  lower  ex- 
tremities of  the  struts  and  counter-struts  of  the  down-stream  trusses,  and  in  the  lower 
chords,  near  these  extremities,  as  well  as  over  the  piers,  is  due  to  the  accumulation  of 
debris  permitted  at  these  places.  In  at  least  one  instance  grass  was  found  growing  in 
the  soil  formed  by  the  dust  and  droppings  from  the  tow-path  there  collected. 

The  conditions  of  the  various  parts  as  found  by  the  examination  will  now  be  given  ; 
the  spans  being  taken  in  order  from  the  Georgetown  end.  The  elevations  and  plans 
in  the  drawing  are  taken  looking  down-stream,  and  the  tow-path  in  the  cross-section 
is  on  the  down-stream  side.  The  references  are  made  to  the  drawings  by  the  figures 
corresponding  to  the  points. 

FIRST  SPAN. 

Downstream  truss. 

At  1,  counter-strut  loose. 

At  2,  everything  is  very  rotten  from  the  accumulation  of  debris;  lower  timber  of 
outer  arch-ribs  slightly  decayed  where  it  abuts  on  pier. 

At  3,  outer  strut  rotten  and  poor. 

3  to  5,  one  timber  of  chord  rotted  where  abutting  against  another. 

At  4,  counter-strut  rotten  on  the  end;  outer  strut  shaky  at  the  end;  inner  stmt 
better ;  outer  end  of  timber  for  arch-rod  pretty  bad,  shaky  and  rotten. 

At  5,  plate  broken ;  outer  strut  crushed. 

At  6,  chord  is  decayed  from  ddbria  to  perhaps  an  inch  in  depth.  Outer  end  of  tim- 
ber for  arch-rod  pretty  bad,  shaky  and  rotten. 

7  to  11,  some  sap-rot  in  one  timber  of  chord. 

At  8,  outer  strut  rotten  at  foot. 

At  10,  chord  somewhat  decayed. 

At  14,  outer  strut  rotted. 

At  13,  plate  broken. 

14  to  16,  lower  chord  bad;  one  timber  is  badly  shaken  at  end;  chord  seems,' as  seen 
from  river  below,  to  have  considerable  rot  near  abutment.  There  is  a  poor  place  near 
middle  of  lower  chord ;  evidently  too  much  cross-strain  ou  the  chord.  There  is  a  bad 
skake  in  the  second  timber  (from  top)  of  outer  arch-rib. 

At  16,  counter-strut  rotted. 

At  17,  plate  broken.    The  upper  chord  has  an  open  joint  between  1  and  3. 


KEPORT    OF   THE   CHIEF   OF   ENGINEERS.  335 

17  to  19,  some  sap-rot  in  one  timber  of  chord. 

At  18,  timber  tor  arch-rod  shaky  at  end.  Washer-seat  of  upper  end  of  arch-rod 
crashed  into  aroh-timber,  very  bad;  upper  timber  of  outer  arch  of  Virginia  end  is  a 
poor  stick,  shaky  over  18.    This  rib  is  generally  poor  on  top. 

At  20,  all  rotted  badly. 

Up-stream  truss. 

At  2,  one  stmt  pretty  rotten ;  the  two  others  somewhat.    8ome  decay  in  post. 

3  to  5,  chord  slightly  decayed. 

At  4,  struts  crushed,  and  supporting-beam  of  arch-rod  bent.  Timber  for  arch-rods 
is  very  bad. 

At  5,  middle  strut  bad.    Plate  crushed  into  chord. 

At  6,  one  strut  decayed  about  an  inch  deep.  A  timber  of  the  chord,  extending  from 
4  to  10,  is  decayed  somewhat.  Washer  at  upper  end  of  outer  arch-rod  is  crushed  into 
the  rib.  The  timber  of  the  rib  below  this  is  shaky.  Lower  chord  shows  badly  through- 
out as  seen  from  river;  shaky  and  rotten  near  the  under  plates,  and  plates  crushed 
into  chord. 

7  to  9,  one  timber  of  chord  slightly  decayed. 

9  to  11,  one  timber  of  chord  ^lightly  decayed. 
At  10,  counter-strut  rather  poor. 

At  14,  one  strut  quite  shaky  and  slightly  decayed  in  one  corner. 

At  15,  upper  side  of  top  chord  is  bad  near  here ;  one  timber  much  rotted. 

At  16,  timber  for  arch-rods  has  a  shake. 

At  17,  plate  broken. 

17  to  19,  some  decay  in  one  timber  of  chord. 

At  18,  struts  somewhat  shaky,  but  sound.    Timber  for  arch-rods  is  a  bad  stick. 

At  20,  struts  and  posts  very  slightly  decayed. 

SECONl>  SPAN. 

Doion-siream  truss. 

1  to  3,  some  sap-rot  in  chord  near  3. 

At  2,  all  timbers  rotted ;  chord  in  very  bad  condition.  . 

At  4y  counter-strut  slightly  rotted ;  struts  crushed  and  shaky,  outer  one  slightly 
decayed. 

At  6,  chord  slightly  decayed. 

At  8,  one  strut  slightly  decayed  on  one  comer. 

At  9,  inner  strut  slightly  out  of  place.  The  upper  chord  of  this  span  has  a  joint  open 
between  15  and  17,  and  two  timbers  with  slight  sap-rot. 

At  10,  struts  and  counter-struts  slightly  decayed.  The  entire  end  of  timber  for  arch- 
rods  bad. 

At  12,  bad  shake  in  timber  for  arch-rods. 

At  14,  very  slight  decay. 

15  to  17,  some  sap-rot  in  chord. 

17  to  19,  some  sap-rot  in  chord. 

At  16,  outer  strut  somewhat  rotted  and  very  shaky.  End  of  timber  for  arch-rod  bad. 
Outer  arch-rib  somewhat  warped  from  truss,  and  shaky  in  top  timber. 

At  18,  inner  strut  very  bad,  and  counter-strut  pretty  bad. 

At  20,  all  very  much  rotted ;  chord  very  bad. 

Up-stream  truss. 

Over  pier  a  plate  is  required  on  upper  side  top  chord. 

1  to  3,  considerable  sap-rot  in  one  timber  of  chord. 

2  to  4,  one  timber  of  chord  quite  bad. 

At  2,  one  post  and  inner  strut  slightly'  decayed. 

At  3,  top  chord  is  parting  ou  upper  side ;  the  plate  is  displaced. 

At  4,  chord  is  rather  poor  on  under  side ;  some  rot^  and  shaky. 

4  to  6,  some  decay  in  one  timber  of  chord. 

At  5,  two  timbers  of  top  chord  rotted  ;  plate  broken ;  inner  strut  pretty  shaky. 

3  to  5,  one  timber  of  top  chord  rotted  some  on  upper  side. 

5  to  7,  some  rot  on  upper  side  top  chord. 

7  to  9,  bacl  shakes  in  upper  side  top  chord. 

At  6,  strut  slightly  decayed.    Timber  for  arch-rods  slightly  shaky,  but  free  from  rot. 

10  to  12,  some  decay  round  irons. 
12  to  14,  some  decay  in  chord. 

14  to  16,  one  timber  of  chord  has  a  bad  place. 

At  8,  lower  plate  crushed  into  the  chord  and  one  timber  splintered.  This  mnst  have 
been  a  poor  timber  when  put  in  place. 
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At  12,  timber  for  aroh-rods  quite  shaky  on  top,  bat  free  from  rot. 

16  to  18,  lower  chord  is  very  poor  oa  the  ander  side.    Some  rot  and  shakes  in  thrise  o/ 
the  chord-timbers. 

17  to  19,  very  sli|;ht  sap-rot  in  chord. 
At  18,  one  strut  decayed  somewhat. 

At  20,  poet  quite  rotten ;  also  two  of  the  struts.    Plate  crushed  into  the  chord. 

THIRD  SPAN. 

Doum-siream  truss. 

At  2,  very  rotten. 

At  4,  counter-strut  quite  rotten.  Under  plate,  lower  chord,  crushed  into  the  wood  ; 
some  rot  here ;  a  bad  place. 

At  8,  the  timber  for  arch-rods  is  pretty  shaky,  but  free  from  rot. 

At  10,  slight  decay.  Timber  for  arch-rods  is  bent  downward  in  the  middle,  and  is 
split  by  the  bending. 

At  12,  chord  slightly  decajfed.  The  timber  for  arch-rods  is  shaky  and  bent  at  the 
outer  rod. 

At  14,  counter-strut  and  inner  strut  decayed. 

At  16,  counter-strut  shows  some  decay. 

At  18,  chord  rotted  to  about  an  inch  in  depth.  A  bad  shake  runs  through  the  tim- 
ber for  arch-rods. 

At  20,  struts  pretty  bad.  Chord  over  pier  pretty  bad.  The  upper  chord  of  this  span 
has  one  broken  timber,  and  one  joint  open  between  1  and  3. 

17  to  19,  one  timber  of  chord  broken  across  the  grain ;  joint  parted  about  f  inch. 
Outer  arch-rib  badly  sprung  from  truss  at  Virginia  end. 

Up-stream  truss. 

Upper  side  of  top  chord  over  pier  shaky. 

1  to  3,  upper  side  top  chord  shaky. 

At  2,  the  plate  is  crashed  into  the  chord  about  2  inches.  One  post  quite  rotten  ; 
struts  slightly  so. 

At  4,  one  strut  somewhat  shaky.    Timber  for  arch-rods  slightly  shaky. 

4  to  6,  two  timbers  of  chord  are  poor. 

At  6,  one  strut  has  considerable  sap-rot  on  one  comer.  9  to  15.  Up-stream  timber  of 
chord  somewhat  decayed ;  between  11  and  13  it  is  pretty  bad.  Some  sap-rot  in  chord 
.all  along  to  19. 

At  14,  one  strut  slightly  shaky.    Timber  for  arch-rods  slightly  shaky. 

At  18,  one  strut  pretty  bad.    Timber  for  arch  badly  shaken,  but  free  from  rot. 

At  20,  the  chord  is  a  good  deal  decayed ;  struts  and  one  post  slightly  so. 

,At  15,  rotten  place  on  upper  side  top  chord,  near  here;  one  timber  bad. 

FOURTH  SPAN. 

Downstream  truss, 
/At  2,  very  bad. 

At  4,  outer  strut  pretty  bad. 
.  At  6,  outer  strut  somewhat  decayed ;  counter-strut  pretty  bad. 

At  8,  pretty  bad ;  outer  strut  very  shaky  and  much  rotted. 
.  At  9,  inner  strut  misplaced.    9  to  11.  Slight  shake  in  end  of  one  timber  of  chord. 

At  10,  struts  rotted  quite  badly.    The  timber  for  arch-rods  is  broken  inside  truss. 

At  12,  counter-struts  poor  at  lower  corners. 

At  15,  outer  struts  slightly  crushed. 

At  16,  iron  plate  crushed.    End  of  timber  for  arch-rods  is  badly  shaken,  rotted,  and 
.  crushed,  and  the  timber  is  broken  in  two. 

At  18,  very  bad ;  struts  crushed,  counter-struts  rotted.    Cross-brace  is  loose. 

At  20,  chord  quite  bad ;  struts  and  counter-struts  rotted. 

Top  timber  of  outer  arch-rib  quite  shaky  on  Virginia  side  of  arch.  Outer  arch-rib 
somewhat  warped  from  truss  at  Georgetown  end. 

Up-stream  truss. 

The  washers  on  top  chord  over  the  pin  are  drawn  down  into  the  timber,  the  wood 
i  being  rotten  under  them. 

At  2,  struts  slightly  decayed ;  one  post  considerably  rotted. 
.  7  to  9,  some  sap-rot  in  chord. 
At  9,  considerable  rot  shows  on  upper  side  top  chord. 
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6  to  10,  two  timbers  of  chord  decayed  some. 
9  to  11,  considerable  sap-rot  in  chord. 

At  10,  a  shake  about  half  throagh,  at  end  of  timber  for  aroh-rods ;  timber  for  arch- 
rods  broken  in  two  in  middle. 

At  12,  chord  is  poor;  cross- timber  under  trunk  of  aqueduct  broken  nearly  in  two; 
timber  for  arch-rods  is  bent  downward  in  the  middle. 

At  14,  two  timbers  of  chord  poor ;  plate  broken. 

At  15,  plate  broken. 

13  to  15,  chord  very  little  decayed. 

At  16,  timber  for  arch-rods  is  very  bad.  The  strut,  from  pier  to  lower  chord,  is  a 
bad  timber,  rotten  and  shaky.    Outer-arch  rib  is  shaky  on  upper  side  of  top  timber. 

16  to  18,  one  timber  of  chord  poor. 

At  17,  rotted,  and  shaky  on  upper  side  top  chord;  a  bad  place.  Inner  strut  badly 
shaken. 

17  to  19,  some  rot  where  two  timbers  of  chord  abut.  Washer  at  upper  end  of  arch- 
rod  crushed  into  the  timber ;  below,  the  rib  is  shaky  at  joint. 

At  16,  under-plate  of  lower  chord  is  badly  crushed  into  the  chord ;  the  chord  is  rot- 
ted ;  a  very  bad  place.    The  chord  is  very  bad  along  to  16. 
At  20,  struts  and  posts  slightly  decayed. 

FIFTH  SPAN. 

•Down-stream  tnias. 

At  1,  upper  chord  pretty  bad  with  sap-rot. 

I  to  3,  joist  separated  about  f  inch. 

At  2,  much  rotted ;  one  chord  timber,  2  to  4,  rotted.  One  timber  of  upper  chord 
drawn  apart  three-fourths  of  an  inch.  The  outer  arch-rib  has  some  decay  on  the 
inside. 

At  4,  bad.  Counter-strut  rotted.  Struts  crushed  and  rotted.  There  is  a  bad  split 
in  the  timber  for  the  arch-rods.  , 

At  5,  the  chord  seems  to  have  been  crushed,  and  the  crushed  portion  was  cut  out,  and 
new  wooden  plate  (f-inch)  put  in  to  fill  up  under  iron  plate. 

At  6,  pretty  bad;  all  rotted ;  plate  cracked. 

At  8,  counter-strut  somewhat  decayed. 

chord  between  8  to  10  has  some  sap-rot. 

At  9,  counter-strut  of  little  use  from  deficiency  of  bearing. 

At  10,  somewhat  decayed. 

At  14,  counter-strut  pretty  bad ;  all  somewhat  decayed. 

II  to  15,  inside  timber  of  chord  with  some  sap-rot. 
At  13,  plate  broken. 

At  15,  plate  broken. 

15  to  19,  outside  timber  very  bad  with  sap-rot. 

At  16,  outer  strut  quite  poor.  The  timber  for  arch-rods  is  bad  throughout.  Timber 
for  arch-rods  rotted  and  shaky  on  under  side.    This  is  a  bad  end. 

At  17,  struts  splintered  slightly. 

At  18,  cn)S8-brace  rotten.  Timber  for  arch-rods  rotted  and  shaky  on  under  side. 
Timber  for  arch-rods  very  bad  on  under  side,  crushed,  broken,  and  rotten  at  the  end. 
Outer  strut  quite  poor. 

At  20,  all  bad ;  chord  is  poor  in  three  of  its  timbers. 

Up-stream  truss. 

At  2,  struts  and  posts  slightly  decayed. 

At  3,  one  timber  of  chord  crushed  somewhat. 

At  4,  timber  for  arch-rods  badly  splintered  and  shaky  at  one  end. 

3  to  5,  some  decay  in  one  timber  of  chord. 

5  to  7,  one  timber  of  chord  decayed  some,  where  it  abuts  against  another. 

7  to  9,  some  sap-rot  in  one  timber  of  chord. 

9  to  1,  chord  very  bad ;  three  of  its  timbers  are  crushed  and  broken. 
At  8,  one  strut  considerably  decayed ;  one  slightly ;  chord  slightly  decayed. 
At  10,  struts  somewhat  decayed.    Chord  under  plate  quite  poor. 
At  12,  counter-struts  pretty  bad.    Timber  for  arch-rods  is  oad.    The  under  plate  is 
crushed  into  the  stick,  and  timber  appears  bent. 

13  to  15,  top  chord  shows  very  bad  on  upper  side ;  the  timbers  are  crushing  up ;  one 
18  almost  useless,  and  one  is  very  shaky.  The  chord  looks  badly  on  upper  side  from  9 
to  15. 

At  14,  counter-strut  bad.    Strut  somewhat  shaky. 

14  to  16,  chord  poor. 

22  £ 
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16  to  18,  three  adjacent  timbers  of  the  chord  pretty  poor. 

15  to  17,  two  timbers  of  the  chord  slipped  by  each  other.    Bepairs  apparently  in 
progress. 
At  17,  one  stick  shows  rot ;  top  chord  on  npper  side  parting  near  here. 

17  to  19,  one  timber  badly  rotted  on  upper  side  top  chord. 

18  to  20,  one  timber  of  chord  decayed  some. 
At  20,  middle  stmt  somewhat  decayed. 

SIXTH  SPAN. 

J)owii-9iream  truss. 

At  2,  pretty  bad ;  all  the  timbers  are  rotted.  The  outer  arch-rib  is  somewhat 
decayed. 

At  3,  a  piece  has  been  taken  out  of  inner  timber  of  chord  li  inch  in  depth  to  three- 
fourths  of  its  width. 

At  4,  counter-strut  pretty  bad.    Outer  stmt,  slight  sap-rot  on  one  corner. 

At  6,  counter-strut  pretty  bad. 

At  8,  other  strut  very  bad. 

At  10,  all  timbers  pretty  bad. 

At  12,  counter-struts  pretty  bad.  The  timber  for  arch-rods  is  badly  shaken  at  the 
end,  and  is  bent  downward  in  the  middle;  washer  at  uppers  end  of  arch-rod  crushed 
into  timber  of  rib. 

At  14,  outer  strut  pretty  bad  ;  rotted  and  shaky. 

At  18,  inner  strut  slightly  rotted ;  plate  broken. 

At  15,  plate  broken.  The  upper  chord  of  this  span  has  one  timber  with  sap-rot,  one 
splintered  somewhat,  and  one  with  a  bad  knot. 

At  16,  the  timber  for  the  arch-rods  is  badly  split,  a  bad  timber;  outer  arch-rib 
somewhat  warped  from  truss  at  Virginia  end. 

At  20,  one  post  good,  rest  of  timbers  rotted ;  chord  over  pier  decayed. 

'     Up-stream  truss, 

A  shake  shows  near  13,  on  upper  side  top  chord. 
1  to  3,  chord  rotted  badly  where  two  timbers  abut. 
At  3,  a  slight  parting  shows  on  upper  side  top  chord ;  plate  broken. 
At  4,  one  strut  crushed  some ;  counter-strut  lacking. 
At  6,  one  strut  and  counter-strut  slightly  decayed. 

4  to  6,  two  adjacent  timbers  of  chora  decayed  some ;  one  of  them  is  shaky. 
9  to  11,  some  decay  in  chord. 

At  12,  one  of  the  counter-struts  slightly  shaky ;  three  timbers  of  the  chord  show 
decay ;  one  is  poor;  timber  for  arch-rods  slightly  shaky. 
At  14,  one  strut  is  somewhat  shaky. 

15  to  19,  one  timber  of  chord  decayed ;  should  be  remored. 

At  16,  plate  broken ;  chord  shows  some  decay ;  timber  for  arch-rods  shaky  through- 
out this  end. 

16  to  18,  chord  shows  some  decay. 

At  18,  the  lower  chord  as  seen  iix)m  the  water  is  very  bad,  crushed  and  splintered. 
Apparently  about  3  inches  of  chord  has  been  cut  away  on  under  dide  and  a  plank  let 
into  the  space,  against  which  the  under  plate  rests.  Some  sap-rot  on  under  side  of  this 
chord.  The  upper  side  is  also  cut  away  to  let  in  new  wood  to  support  plate  at  18.  This 
is  a  very  bad  place.  Timber  for  arch-rods  has  a  split  on  upj^r  side  to  heart ;  the  stick 
is  sound,  however.    Outer  arch-rib  has  a  slight  parting  of  timbers  at  Virginia  end. 

At  20,  struts  somewhat  rotted.    One  post  decayed  some. 

6EVSNTH  SPAN. 

Diwn-^^eam  truss, 

I  to  5,  outside  timber  of  chord  very  badly  rotted,  (sap;)  should  be  renewed. 
At  2,  all  timbers  rotted. 

At  4,  counter-strut  and  outer  strut  decayed,  the  latter  badly ;  cross-brace  gone. 
At  8,  there  is  a  bad  split  half  through  the  end  of  the  timber  for  arch-rods. 
At  16,  outer  strut  pretty  bad. 

II  to  19.  outside  timber  of  chord  somewhat  rotted,  (sap.) 
At  12,  plate  apparently  crushed  down  in  the  middle. 

At  14,  counter-strut  sughtly  decayed. 

At  16,  outer  strut  pretty  bad.  Timber  for  arch-rods  somewhat  shaky  on  inside  of 
truss. 
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At  17,  counter-stint  omshed  and  sprung. 

At  18,  timber  for  arch-rod  badly  split.  The  rod  (outer)  is  bent.  Lower  timbers  of 
arch-rib  show  some  decay  on  the  inside.  The  under  side  of  chord  between  4  and  6 
appears  from  the  water  to  have  a  good  deal  of  sap-rot. 

At  19,  connter-strut  loose  and  plate  loose.  Throughout  the  bridge  the  bearing-plates 
of  the  counter-struts  at  1  and  19  are  of  wood.  The  upper  chord  of  this  span  has  one 
timber  with  some  sap-rot  and  one  with  a  good  deal  of  sap-wood. 

Up-ftream  truss. 

1  to  3,  some  decay  in  one  timber  of  chord.    This  timber  should  be  renewed. 
At  2,  one  stmt  somewhat  decayed. 

At  3,  a  joint  badly  started  in  top  chord  near.  Chord  pretty  bad  around  bolts  ;  looks 
as  if  it  might  soon  pull  apart. 

Between  1  and  3  some  sap-rot  shows  on  upper  side,  top  chord.  Frozen  d^Ms  over 
pier  prevents  the  examination  of  the  chord.  The  lower  chord  of  this  span  should  be 
thoroughly  overhauled. 

At  4,  one  strut  is  very  bad,  a  ^ood  deal  splintered ;  counter-strut  is  rather  poor. 

3  to  5,  joint  open  where  two  timbers  abut.  Some  decay  in  chord.  The  decay  to  9  is 
in  one  timber. 

5  to  7,  some  decay  in  one  timber  of  chord. 
7  to  9,  some  decay  in  o^e  timber  of  chord. 
At  6,  one  strut  shaky ;  chord  is  poor. 

At  7,  a  shaky  timber  shows  on  upper  side  of  top  chord. 

At  8,  one  stmt  bad ;  one  decayed  some ;  chord  all  along  here  is  in  a  poor  condition. 
10  to  12,  chord  shows  some  decay. 
At  12,  chord  shows  some  decay. 
At  14,  chord  shows  some  decay ;  counter-strut  also. 
13  to  15,  some  decay  in  chord  ;  one  timber  shaky. 

At  16,  counter-strut  shaky  and  crushed  some.    Timber  for  arch-rods  rotted  away  at 
end.    The  plate  under  the  truss  is  crushed  into  the  chord.    This  is  a  bad  place. 
At  18,  stmts  very  bad:  splintered,  crushed,  and  shaky. 
18  to  20,  chord  somewhat  decayed. 
At  20,  posts  quite  poor ;  outer  arch-rib  appears  sprung  from  truss. 

BIGHTH  SPAN. 

Downstream  truss. 
At  2,  very  bad. 

3  to  5,  outside  timber  has  some  sap-rot. 
At  4,  counter-strut  slightly  decayed. 
At  6,  plate  broken. 

At  8,  rather  poor. 

At  12,  chord  decayed ;  outer  stmt  slightly ;  inner  strut  shaky. 

At  14,  the  timber  for  arch-rods  is  broken  in  the  middle.  The  stmt  firom  the  pier  to 
this  end  of  truss  is  crushed  at  the  pier,  and  loose  from  bearing  under  truss. 

At  17,  stmts  twisted  out  of  bearing.  The  upper  chord  of  this  span  has  one  timber 
rather  bad  with  sap-rot. 

At  18,  stmts  crushed  and  shaky.  The  outer  timber  of  chord  has  considerable  sap- 
rot.  The  timber  for  arch-rods  slightly  shaky.  The  washer  at  upper  end  of  rod  is 
orujshed  into  the  arch-timber. 

At  20,  one  post  pretty  good ;  the  outer  timbers  rotted. 

Up-siream  truss. 

Upper  chord  has  one  pretty  bad  timber  at  17  and  to  19 ;  one  bad  timber  about  mid- 
dle of  span. 
At  1,  a  shake  in  upper  side  of  top  chord. 
Between  I  and  3,  some  rot  upper  side  top  chord. 
At  2,  one  post  rotted  some. 

2  to  4,  chord  poor  in  several  places. 

At  3,  upper  chord  shows  crushing  in  upper  side. 

At  4,  one  strut  pretty  bad.    Timber  for  rods  of  arch-ribs  shaky,  but  fi^e  from  rot. 

4  to  6,  chord  shows  some  decay  near  a  washer. 

At  6,  one  strut  very  bad;  rotted  and  shaky  and  crushed.  The  crushing  is  due  to  the 
shake. 

6  to  8,  one  of  the  timbers  of  the  chord  is  slipping  by  the  next,  owing  to  rot  around 
iron.    Nearer  6,  one  timber  is  considerably  decayed. 

At  7,  bad  place  on  top  of  upper  chord  around  bolts. 
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At  6,  one  strat  in  bad  in  one  corner. 

At  10,  some  decay  in  the  chord  to  12;  timber  for  rods  of  arch-ribs  pretty  shaky  at 
the  end. 

At  12,  connter-strnt  decayed  some. 

11  to  13,  chord  decayed  and  splintered  where  two  timbers  abut. 

13  to  15,  some  decay  in  chord. 

At  14,  one  strut  is  bad,  rotted,  and  shaky;  counter-strut  has  some  sap-rot.  The 
chord  near  the  plate  is  bad ;  timber  for  arch-rods  bad  at  end. 

At  15,  plate  broken. 

At  16,  struts  somewhat  crushed,  and  one  of  them  is  very  shaky ;  counter-strut  de- 
cayed seme.  A  poor  place.  Timber  for  rods  of  arch-ribs  bad  at  end ;  shaky  and  slightly 
rotted. 

At  19,  one  timber  of  chord  slightly  decayed. 

At  20,  struts  and  counter-struts  slightly  decayed  ;  outer  arch-rib  somewhat  warped 
from  truss;  lower  chord  at  Virginia  end  looks  badly  from  the  water.  It  should  be 
overhauled. 

NINTH  SPAN. 

Down-stream  iru98. 

1  to  3,  an  iron  is  pulling  out ;  bolts  probably  require  to  be  screwed  up. 

At  2,  one  post  good,  the  other  timbers  rotted.    The  chord  is  bad. 

At  4,  outer  strut  is  rotted,  shaky,  and  badly  sprung ;  must  soon  break  unless 
replaced. 

At  8,  considerable  sap-rot  in  one  timber  of  chord. 

At  10,  chord  prettv  bad ;  one  counter-strut  bad. 

At  12,  the  chord  along  here  is  very  poor. 

At  12,  timber  for  arch-rods  pretty  shaky. 

At  13,  plate  broken.  The  upper  chord  of  this  span  has  one  timber  with  some  sap- 
rot  and  one  slightly  splintered  at  the  end. 

At  14,  there  is  a  bad  shake  at  the  end  of  the  timber  for  arch-rods. 

At  16,  the  end  of  the  timber  for  arch-rodsns  bad,  (rotted ;)  chord  has  crushed  into 
this  timber.  This  is  a  very  poor  timber  throughout.  The  lower  chord  down-stream 
truss  appears  badly  from  the  wat«r.  The  strut  from  the  eighth  pier  to  the  Georgetown 
end  of  down-stream  truss  of  ninth  span  is  lacking. 

At  18,  counter-strut  lacking. 

At  20,  the  chord  at  the  foot  of  those  struts  is  in  very  poor  condition^  rotted  and 
crushed  by  plat«. 

Up-stream  truss. 

Chord  over  pier  cannot  be  seen  on  account  of  frozen  debris. 

At  1,  post«  loose. 

At  2,  one  strut  shows  some  decay. 

At  3,  one  strut  shaky ;  one  timber  of  chord  shows  some  decay.  ^ 

At  4,  one  timber  of  chord  has  some  sap-rot  on  one  comer. 

At  6,  one  strut  with  some  rot  on  one  corner ;  counter-strut  pretty  bad  on  under  side. 

At  8,  inner  timber  of  chord  is  very  poor ;  8  to  10,  two  inner  timbers  of  chord  decayed, 
poor ;  9  to  11,  some  decay  in  chord,  one  timber  bad. 

At  7,  counter-strut  shaky;  one  timber  of  chord  some  decay:  11  to  13,  two  timbers  of 
choid  have  some  sap-rot;  supporting- timber  of  arch-rod  crusned. 

At  12,  counter-strut  bad ;  inner  strut  shaky. 

At  14,  counter-strut,  some  sap-rot. 

At  15,  plate  broken ;  some  decay  in  one  timber  of  chord ;  16  to  18,  where  two  tim- 
bers of  chord  about  the  ends,  are  very  bad. 

At  16,  timber  for  arch-rods  split  from  upper  side  half  through.  The  outer  arch-rib 
hfw  its  second  timber  from  top  crushed  somewhat  on  the  Virginia  side  of  the  crown. 
Outer  arch-rib  is  somewhat  warped  from  truss. 

At  18,  timber  for  arch-rod  rotted  on  under  side. 

At  20,  one  post  slightly  rotted.  Prozen  d^his  prevent-s  an  examination  of  the  chord. 
It  is  seen  that  those  struts  showing  that  they  have  been  subjected  to  a  strain  nearly 
to  their  limit  of  strength  are  in  the  second  sets  from  the  piers.  These  sets  are  of  two 
timbers  throughout  the  bridge.  The  greatest  strain  is  on  the  first  set,  but  the  precau- 
tion has  been  taken  to  introduce  in  the  first  sets  a  third  timber,  as  an  additional  strut, 
consisting  of  two  parts,  the  upper  part  extending  from  the  plate  at  upper  chord  (at  3 
or  at  17)  to  the  counter-strut,  (1 1  o4  or  19  to  18 ;)  the  second  part  supplements  the  first, 
extending  from  the  counter-strut  to  the  plate  on  the  lower  chord,  (at  2  or  at  20.)  I 
estimate  the  weight  of  the  structure,  exclusive  of  the  arch-ribs  and  the  parts  pertain- 
ing thereto,  to  l^  104,000  pounds  per  panel.  This  includes  the  water  in  aqueduct. 
The  aqueduct  trunk  being  nearer  the  up-stream  side,  most  of  this  weight  will  be 
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borne  by  the  np-stream  truss.  The  weight  borne  by  this  trass,  exclading  the  arch-ribs^ 
would  be  53,164  pounds  per  panel.  This  would  produce  a  compression  upon  the  sec- 
ond sets  of  struts  (from  rormula  given  by  Rankine,  page  480)  of  182,884  pounds.  The 
area  of  the  cross-section  of  each  strut  is  132  square  inches ;  total,  264  square  inches 
per  set.  The  constant  compression,  then,  due  to  the  weight  of  the  structure  and  to  the 
weight  of  tlie  water  in  the  aqueduct,  would  be  693  pounds  per  square  inch  of  the  sec- 
ond sets  of  struts.  The  Ordnance  Manual  gites  5,017  pounds  per  square  inch  as  the 
crushing  force  for  the  white  pine  of  the -Allegheny  River,  Pennsylvania.  This  bridge 
is  built  of  Pennsylvania  pine.  This  compression  of  693  pounds  per  square  inch  was 
that  borne  by  these  struts  before  the  introduction  of  the  arch-ribs.  The  wave  preced- 
ing the  canal-boat  acted  as  a  moving  load,  but  the  effect  of  this  cannot  be  estimated 
from  any  data  we  possess.  Since  the  introduction  of  the  arch-ribs  the  roadway  was 
opened,  and  we  have  no  data  for  the  maximum  load,  stationary  or  moving,  to  which 
the  bridge  has  latterly  been  subjected.  Even  if  we  knew  this,  the  relative  portion 
borne  by  the  arch-ribs  and  the  original  trusses  could  not  be  known ;  but,  as  has  been 
seen,  most  of  it  might  have  been  borne  by  the  latter. 

That  the  trusses  have  been  permitted  to  sag  in  the  middle,  is  seen  by  those  instances 
where  the  top  chord  over  the  piers  shows  indications  of  a  strain  of  extension.  These 
indications,  with  the  crushing  of  struts  in  several  instances,  crashing  of  the  top  chord 
in  one  truss,  (though  probably  due  to  defective  timber,)  and  the  warping  or  springing 
of  the  outer  arch-ribs  from  the  trusses  at  several  places,  show  that  the  structure  should 
be  carefully  overhauled  before  the  filling  of  the  aqueduct  with  water  should  again  be 
permitted. 

The  cross-timbers,  resting  upon  the  upper  chords  and  supporting  the  roadway,  ap- 
pear to  be  in  very  good  order.  The  longitudinal  4  by  4  sticks,  across  which  the  plauK- 
ing  is  laid,  were  very  poor,  and  rotten  in  several  places.  These  rotted  sticks  were  being 
replaced  at  the  time  of  the  inspection.  How  thoroughly  it  has  been  done  I  do  not 
know.  The  planking  of  the  bridge  is  very  much  worn  in  many  places,  but  with  proper 
watchfulness  there  is  no  danger  from  this  cause.  A  number  of  the  planks  I  found  to 
be  too  short  to  reach  the  4  by  4  longitudinal  sticks  on  the  down-stream  side,  next  to 
the  foot-path.  This  should  be  remedied.  The  side-railing  was  poor  in  several  places. 
Repairs  to  it  were  in  progress. 

Fifth.  The  approach  to  the  bridge  on  the  Virginia  shore  is  a  temporary  structure 
snpport'Cd  by  trestles,  consisting  of  a  ground-sill,  three  vertical  posts,  and  the  cap-sill. 
This  trestle-work  is  on  the  up-stream  embankment  of  the  approach,  and  is  connected 
with  the  bridge  proper  by  an  oblique  roadway,  supported  by  longitudinal  stringers, 
those  in  the  middle  of  the  roadway  resting  on  posts ;  a  very  temporary  structure,  but 
strong  enough  for  carriages  and  the  lighter  class  of  farmers'  wagons,  but  is  unfit  for 
heavy  traffic.    The  side-railing  of  this  approach  is  poor  in  several  pi  aces. 

Respectfully  submitted. 

TiiOMAS  Turtle, 
First  Lieutenant  Engineers j  U.S.  A. 

M^j.  Wm.  p.  Craighilt., 

Corps  of  Engineers,  U.  8.  A, 


LETTERS  OF  MAJOR  N.  MICHLER,  CORPS  OP  ENGINEERS. 

1. 

Office  of  Public  Buildings,  Grounds,  and  Works, 

United  States  Capitol,  Jrashingtonj  D,  C.,  January  2,  1869. 

General  :  In  compliance  with  the  directions  contained  in  letter  of  headquarters, 
Corps  of  Engineers,  dated  December  30,  1868,  the  following  report  is  submitted  of  the 
inspection  I  was  requested  to  make  of  the  bridge  being  completed  over  the  Potomac 
River  at  Georgetown,  by  the  Alexandria  Canal,  Railroad  and  Bridge  Company.  A  let- 
ter from  Mr.  William  W.  Dungan,  secretary  and  treasurer  of  the  company,  was  inclosed 
for  my  information,  in  which  he  called  attention  to  an'  act  of  Congress  relating  to  the 
Alexandria  Canal,  and  stated  that  the  bridge  was  ready  for  inspection  in  conformity 
thereto.     Sections  2,  3,  and  4  of  said  act,  approved  July  27,  1868,  are  as  follows  : 

"  Sec.  2.  And  be  it  further  enacted,  That  the  said  lessees,  their  associates,  their  heirs 
and  assigns,  are  hereby  authorized  and  empowered  to  maintain  and  operate  said 
aqaednct,  and  to  erect,  build,  operate,  and  maintain,  across  the  Potomac  Riven,  from 
Georgetown,  in  the  District  of  Columbia,  to  the  Virginia  shore,  upon  and  over  the 
stone  piers  upon  which  the  aqueduct  now  rests  in  conjunction  therewith,  a  bridge  of 
wood,  iron,  or  stone,  with  one  or  more  ways  for  the  passase  of  persons,  animals,  and 
vehicles,  and  also  with  one  or  more  tracks,  or  ways,  for  the  passage  of  engines  and 
cars,  with  such  other  conveniences  as  are  usual  or  necessary  for  a  railroad. 

"  Sbc.  3.  And  he  it  further  enacted,  That  it  shall  be  lawful  for  the  said  lessees,  their 
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assooUtes  and  saooeBSors,  to  la^oat,  constmct,  maiutainy  and  operate  a  railroad  across 
said  bridge,  from  Oeorgeiown,  in  the  District  of  Colambia,  to  the  Virginia  shore,  and 
there  to  connect  with  said  railroad. 

"Sbg.  4.  And  he  it  further  enactedf  That  as  soon  as  the  Chief  Engineer  of  the  Army 
shall  certify  to  the  Secretary  of  War  that  the  said  bridge  is  so  far  completed  as  to  be 
ready,  fit,  and  convenient  for  the  passage  of  persons,  animals,  and  vehicles,  the  said 
lessees,  their  saccessors,  and  their  legal  representatives,  may  demand,  have,  and  receive, 
in  advance,  the  following  tolls,  to  wit,"  ^c 

Agreeably  to  my  instructions,  I  examined  the  bridge  and  its  approaches  on  the  day 
of  the  receipt  of  the  letter,  the  3Ist  of  December,  as  carefully  as  the  state  of  the 
weather  would  permit.  As  the  company  desired  an  early  inspection,  in  order  to  be 
able  to  open  the  bridge  for  tolls  on  or  near  the  Ist  of  January,  1869,  no  exact  measure- 
men  ts  were  made  at  the  time  of  the  different  dimensions  of  the  bridge,  or  drawings 
prepared  of  the  plan  and  sections,  but  it  is  proposed  to  do  so  in  the  future,  that  they 
matv  be  placed  on  file  among  the  archives  of  the  office. 

The  Potomac  Aqueduct  at  Georgetown  was  constructed  to  carry  the  Chesapeake  and 
Ohio  CanaJ  across  the  Potomac  River,  and  was  designed  and  partly  executed  in  stone. 
It  was  built  under  the  superintendence  of  Captain  TumbuU,  of  the  United  States 
Topographical  Engineers.  The  piers,  every  third  one  forming  an  abutment  pier,  are 
most  subBtantially  built  of  heavy  blocks  of  gray  limestone,  laid  in  hydraulic  cement, 
and  upon  them  rests  a  wooden  superstructure,  consisting  or  the  trunk  of  the  aqueduct 
and  tow-path.  Above  that,  on  the  deck  of  the  aqueduct,  the  bridge  proper,  composed 
of  the  roadway,  footway,  and  parapets  for  the  passage  of  persons,  animals,  and 
vehicles,  is  being  completed.  The  bridge  proper  across  the  river  itself  consists  of  two 
trusses  of  the  Howe  combination,  strengthened  by  arches  and  chords.  The  cross-joists 
or  floor-girders  of  the  roadway  are  placed  upon  the  upper  stringers  of  each  truss.  Al- 
though the  wooden  arches  are  made  to  abut  against  each  other,  an  iron  plate  separat- 
ing the  ends,  instead  of  being  imbedded  in  the  stone  piers,  still  the  entire  upper  struct- 
ure is  substantially  constructed,  and  possesses  the  requisite  strength  and  stiffness. 
The  dimensions  of  the  wooden  beams  which  form  the  chords,  strings,  joists,  diagonal 
br^Mses  and  posts,  and  the  iron  bolts  connecting  the  upper  and  lower  strings,  and  the 
arches  and  chords  are  sufficiently  large  for  the  purpose.  At  the  north  end  of  the 
bridge  proper  a  trestle-bridge  carries  the  roadway  over  the  canal  and  connects  it  with 
one  of  the  streets  of  Georgetown.  At  the  south  end  another  trestle-bridge  connects 
with  the  causewav  leading  to  it. 

The  trestle- worK  at  the  north  end  is  but  a  temporary  substitute,  and  will  be  re- 
placed, so  the  secretary  and  treasurer  of  the  company  informs  me,  by  iron  posts  and 
girders.  An  embankment,  sustained  by  a  retaining-wall  on  the  upper  side  of  the 
canal,  is  to  be  substituted  for  the  trestle-work  at  l^e  south  end.  At  present  the  ap- 
proach to  the  bridge  along  the  causeway  is  very  narrow,  but  is  being  ^^adually  wi- 
dened, and  the  rise  from  the  causeeway  to  the  level  of  the  trestle-bridge  is  quite  steep. 
Railings  are  still  needed  along  portions  of  the  latter.  These  defects  are  being  gradu- 
ally remedied,  and  the  company  promise  to  render  the  approaches  to  the  bridge  safe 
and  secure.  As  the  result  of  my  inspection  of  the  bridge  proper,  and  in  view  of  the 
work  on  the  approaches  being  pushed  rapidly  forward,  I  have  the  honor  to  report  that 
**  the  bridge  is  so  far  completed  as  to  be  ready,  fit,  and  convenient  for  the  passage  of 
persons,  animalB.  and  vehicles.^' 

Mr.  Dungan's  letter  is  herewith  returned. 

I  am,  very  respectfully,  your  obedient  servant, 

N.   MiGHLER, 

Major  of  Engineers,  Bvt*  Brig,  Gen,,  U,  S,  A, 
Bvt.  Mi^.  Gen.  A.  A.  Humphreys, 

Chirfaf  Engineer 8. 


2. 

OFriGB  OF  PUBIJG  BUILDINGS,  GROUNDS,  AND  WORKS, 

U,  8,  Capitol,  WaeUngion,  D,  C,  January  8,  1869. 

Generai.:  Iu  addition  to  the  report  which  I  submitted  on  the  2d  instant,  concern- 
ing the  bridge  being  built  over  the  Potomac  at  Georgetown,  having  been  directed  to 
.inspect  it  for  the  reasons  therein  stated,  I  now  beg  leave  to  inform  you  that  I  again 
examined  the  work  this  morning,  and  find  that  the  defects  then  existing  have  been 
entirely  remedied.  The  approacu  to  the  bridge  by  the  causeway,  on  the  south  side, 
has  been  leveled  and  sufficiently  widened,  and  substantial  railings  have  been  constructed 
along  it  in  order  to  guard  against  accidents.  The  entire  bridge  and  its  approaches  are 
now  safe  and  secure. 

In  conformity  to  the  act  of  Congress  relating  to  the  Alexandria  Canal,  approved  July 
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27, 1868,  a  oarefal  inspection  has  been  made,  and  I  beg  leave  to  report  in  the  words  of 
an  extract  from  section  fourth  of  the  act,  that  the  "  said  bridge  is  so  far  completed  as 
to  be  ready,  fit,  and  convenient  for  the  passage  of  persons,  animals,  and  vehicles/' 
I  am,  general,  very  respectf nlly,  yonr  obedient  servant, 

N.  MiCHLER, 

Major  of  Engineers,  Bvt  Brig.  Gen,,  U.  8»  A, 
Bvt.  MaJ.  Oen.  A.  A.  Humphreys, 

Chirf  of  Engineers, 


letter  of  tub  chief  of  engineers. 

Headquarters  Corps  of  Engineers, 
/  Washington,  D.  C,  January  9, 1868. 

General:  In  compliance  with  the  terms  of  section  4  of  an  act  entitled  ''An  act 
relating  to  the  Alexandria  Canal,"  approved  Jnly  28,  [27,1 1868,  expressed  in  the  follow- 
ing words,  viz :  "  That  as  soon  as  the  Chief  Engineer  of  the  Army  shall  certify  to  the 
Secretary  of  War  that  the  said  bridge  is  so  far  completed  as  to  be  ready,  fit,  and  con- 
venient  for  the  passage  of  persons,  animals,  and  vehicles,  the  said  lessees,  their  sac- 
cessors  and  their  legal  representatives,  may  demand,  have,  and  receive,  in  advance,  the 
following  tolls,"  &c.,  I  have  caused  an  inspection  to  be  made  of  the  bridge  over  tha 
aqneduct  across  the  Potomac  River  from  Georgetown  to  the  Virginia  shore,  and  do 
hereby  certify  that ''  the  said  bridge  is  so  far  completed  as  to  be  reMy,  fit,  and  oonven* 
lent  for  the  passage  of  persons,  animals,  and  vehicles." 
Copies  of  the  reports  of  inspection  by  General  Michler  are  inclosed. 
Very  respectfnlly,  your  obedient  servant, 

A.  A.  Humphreys, 
Brigadier-General  of  Engineers,  Commandii^* 
Maj.  Gen.  J.  M.  Schofield, 

Secretary  of  War, 


APPENDIX  G. 


ANNUAL  REPORT  OF  MR.  S.  T.  ABBRT,  UNITED  STATES 
CIVIL  ENGINEER,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30, 1876. 

United  States  Engineer  Office, 

Washington^  D.  0.,  August  11, 1876. 

Genebal  :  I  have  the  honor  to  sabmit  herewith  my  annnal  report 
relating  to  the  works  of  river  and  harbor  improvement  under  my  charge 
for  the  fiscal  year  ending  Jane  30, 1876. 

Very  respectfully,  your  obedient  servant, 

S.  T.  Abbrt, 
United  States  Civil  Engineer. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineer Sy  U,  8.  A. 


G  I. 

WASHINGTON  AND  GEORGETOWN  HARBORS,  DISTRICT  OF  COLUMBIA. 

Id  the  last  annual  report  it  was  stated  that — 

As  the  work  [of  drorlj^inp:']  approached  completion  it  was  found  that  a  balance  would 
remaiu,  which,  by  tliu  ciHiditiousof  the  act  of  appropriation,  might  be  applied  to  the 
removal  of  the  dangerous  rocks  from  the  harbor  of  Georgetown.     The  subject  was 
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bronght  to  yoar  notice,  aod  a  chart  of  the  rock?  and  specifications  for  their  removal 
were  laid  before  you.  With  your  approval,  the  work  was  ordered  to  be  advertised, 
bat  the  period  of  execution  will  fall  in  the  next  fiscal  year. 

After  allowing  for  contingencies,  it  was  found  that  a  balance  of  about 
$10,000  might  be  devoted  to  this  object.  The  work  was  accordingly 
offered  for  contract.  The  following  is  an  abstract  of  the  bids  received, 
which  were  opened  at  noon  of  July  30, 1876 : 


a 

1 

Name  and  address. 

1^ 

1 

$30  00 

Time  of  com- 
mencement. 

Time  of  com- 
pletion. 

Method  of 
working. 

Remarks. 

s 

1 

American  Dredging  Co., 

Sept 

1,1875 

June    30,1876 

Burleigh  drill. 

For  not  less  than 

Philadelphia,  Pa. 

Bias  t  an  d 
dredge. 

300  cubic  yds. 

s 

Francis  H.  Smith,  New 
York. 

29  00 

Sept 

1,1875 

Jnne    30,1876 

Divers  and 
steam-drill. 

Vessel  with 
derrick. 

For600cabicyd8. 

3 

J.  Schnvler  Crosby,  New 
York. 

27  65 

Aug. 

15, 1875 

Deo.     31, 1875 

4 

Edw.  Moore,  Portland, 
Me. 

37  00 

Oct. 

1,1875 

Juno    30,1876 

5 

Thoe.  P.  Morgan,  Wash- 
ington, D.  C. 
Geo.  W .  Townsend,  Bos- 

19 00 

Sept 

1,1875 

April     1, 1876 

• 

6 

26  00 

Sept 

1,1875 

Jane    30,1876 

ton,  Mass. 

An  examination  of  the  machinery  and  methods  employed  for  remov- 
ing rock  in  James  Eiver  indicated  that  the  work  could  be  done  more 
cheaply  by  hired  labor  than  by  contract.  As  the  fands  available  for 
rock-work  in  James  River  did  not  permit  its  coutinaance  beyond  Octo- 
ber, 1875,  Colonel  Graighill  offered  the  use  of  the  drilling-apparatas, 
&c.,  for  the  removal  of  the  rocks  in  Georgetown  Harbor,  The  bids  re- 
ceived were  therefore  all  rejected.  The  transfer  of  the  machinery  was 
made,  with  your  consent,  during  calm  weather  in  December,  1875,  and 
the  derrick,  lighters,  &c.,  laid  up  for  the  winter  behind  Analostan  Isl- 
and. Work  was  commenced  as  soon  as  the  weather  permitted,  (March 
20,)  and  is  still  in  progress. 

The  expenses  for  repairs  were  in  excess  of  the  estimates  of  the  for- 
mer superintendent  on  James  Biver.  The  machines  and  plank  had 
been  in  continuous  use  for  several  years,  and  many  of  the  parts  were  in 
such  a  condition  as  to  render  their  entire  removal  necessary.  The  work 
has,  however,  been  done  at  less  cost  than  the  lowest  bid,  when  offered 
for  contract.  Up  to  this  date  336  cubic  yards  have  been  removed,  at  an 
average  cost  of  $16.28.  This  includes  the  repairs  made  necessary  by 
the  breaking  of  the  derrick.  After  raising  the  rock  and  placing  it  on 
the  stone-barges,  it  is  removed  and  deposited  without  further  expense 
by  the  company  constructing  the  inclined  plane  for  lowering  canal-boats 
from  the  Chesapeake  and  Ohio  Canal  to  the  river. 

On  rock  A,  just  below  the  aqueduct,  there  is  now  17  feet  at  low-water. 
On  B,  just  above  the  prolongation  of  High  street,  there  is  now  from  13 
to  20  feet  at  low-water,  where  originally  there  was  but  6.  At  Q  street 
wharf  there  is  about  9  feet,  where  heretofore  there  has  been  but  3  feet 
at  low- water. 

The  work  on  rock  B  will  be  resumed  as  soon  as  the  sand  and  debris 
left  after  blasting  has  been  removed.  The  practical  details  and  analy- 
ses of  the  cost  of  the  work  will  be  presented  in  my  final  report  on  these 
operations. 
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CONTINUATION  OF  THE  IMPROVEMENT. 

In  my  last  report  I  enamerated  the  chief  features  in  the  plan  of  the 
Board,  which  was  sabmitted  to  Congress  December  17, 1872.  It  was 
evident  that  a  plan  of  sach  magnitude  mnst  be  execated  in  parts,  and 
it  became  necessary  to  consider  the  whole  plan,  in  order  to  determine 
what  parts  shoald  be  first  selected  for  execution.  In  making  this  selec- 
tion, it  was  important  that  the  work  to  be  done  should,  in  itself,  be  an 
actu^  improvement  of  the  navigation.  It  was  also  desirable  that  the 
partial  improvement  should  make  nature  a  co-worker  in  establishing  the 
channel  which  engineers  have  decided  to  be  the  most  suitable  for  navi- 
gation. In  accordance  with  this  criteria,  an  estimate  was  submitted  for 
improving  the  river  between  the  aqueduct  and  Easby's  Point.  An 
examination  of  the  map  showed  that  the  river  had  been  contracted 
between  G  street  and  Easby's  Point  by  the  construction  of  wharves,  so 
that  at  this  point  its  width  was  less  than  at  any  part  of  the  channel 
between  the  point  and  the  aqueduct.  The  effect  of  this  contraction 
has  been  to  increase  the  floods  in  Georgetown  and  to  accelerate  the 
deposit  of  mud  in  the  channel  below  Analostan  Island.  Easby's  Point 
has  the  further  effect  of  deflecting  the  floods  to  the  marsh  at  the  foot  of 
the  island,  from  which  a  part  of  the  current  is  directed  toward  the  north 
end  of  the  bridge.  These  objectionable  effects  would  be  largely  modified 
by  cutting  off  Easby's  Point  and  the  northeast  edge  of  Analostan  Island. 
The  operations  contemplated  were  limited  to  the  part  of  the  river  be- 
tween G  street  and  Easby's  Point.  The  total  amount  of  the  appropria- 
tion asked  for  was  $564,000^  of  this  sum,  $14,000  were  to  be  expended 
in  dredging  the  Washington  Channel  between  the  arsenal  and  the  Long 
Bridge.  This  channel,  affording  the  only  access  for  steamboats  and 
shipping  to  the  city  wharves,  is  becoming  shoaler  each  succeeding  year. 
It  will  be  necessary  to  keep'  it  open  by  dredging  until  the  improvement 
(according  to  the  plan  of  the  Board)  is  so  far  advanced  that  wharves 
can  be  erected  on  the  Virginia  Channel  below  the  bridge.  The  old  chan- 
nel will  then  be  occupied  by  streets  and  squares,  1,023  acres  of  land  will 
have  been  reclaimed,  and  37,000  feet  of  wharf  frontage  (including  East- 
ern Branch)  made  available.  The  reclamation  of  the  land  necessary  to 
effect  these  objects  will  convert  the  pestilential  area  between  Easby's  and 
Arsenal  Point  into  spacious  parks  and  valuable  building  lots.  The 
execution  of  this  part  of  the  plan  will  require  large  and  prompt  appro- 
priations, and  its  effects,  as  well  as  the  details  of  the  practical  opera- 
tions, should  be  well  considered  before  it  is  begun. 

•  •  •  •  *  *  « 

In  explanation  of  the  following  estimate  for  the  work  proposed  at 
Easby's  Point,  I  would  state  that  the  rock -excavation  in  the  harbor  of 
Georgetown,  including  transportation  from  Richmond  and  repairs  of 
machinery,  cost  during  the  first  month  $21  a  cubic  yard ;  the  net  cost 
during  the  mouth  of  May  (excluding  the  above  contingencies)  was  $10 
per  cubic  yard.  The  average  cost  of  250  cubic  yards,  including  ordi- 
nary repairs,  transportation  of  plank  from  Eichmond,  &c.,  was  $15.30 
per  cubic  yard.  As  the  contingent  expenses  are  nearly  the  same  whether 
the  amount  of  work  done  be  small  or  large,  the  average  cost  per  yard 
decreases  as  the  work  advances  within  certain  limits. 

In  the  work  proposed  near  Easby's  Point,  it  will  be  necessary  to  in- 
clude the  cost  of  machinery  as  well  as  ordinary  contingencies  of  repairs 
and  superintendence. 

I  have  estimated  the  average  cost  per  cubic  yard  for  this  work  at  $12. 
A  reduction  in  the  cost  may  be  made  by  a  careful  organization  and  judi- 
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cioas  conduct  of  the  operations.  I  do  not  think  it  safe,  however,  in  con- 
sideration of  nnforeseen  contingencies,  to  estimate  it  at  a  less  rate  per 
cubic  yard. 

APPROXIMATE  SSTIMATB    FOR    THE    IMFROyBMBNT    OF    POTOH AG    RIYER  AT    BAABT'S 
POINT  AKD  FOR  DRBPGING  BETWEEN  THE  POINT  AND  DEEP  WATER  BELOW. 

Earth-exoavation, 2,400  cubic  yards, at  30  cents $7,200 

Dred^Dg,  60,000  cnbio  yards,  at  40  cents 24,000 

Book-excavation,  44,400  cubic  yards,  at  $12 532,800 

Removing  wharves - 7,600 

Contingencies , 114,400 

686,000 

RECAPrrULATION. 

The  amount  asked  for  is  as  follows : 

For  the  work  at  Easby's  Point $550,000 

For  dredging  at  Washington  Channel 14,000 

564,000 

This  amount,  which  would  of  itself  make  an  efficient  improvement, 
is  the  same  as  aaked  for  last  year. 

The  amount  estimated  for  the  work  at  Easby's  Point  and  Analostan 
Island,  in  accordance  with  the  plan  of  the  Board,  is  $1,902,664.  (See 
annual  report  of  Chief  of  Engineers  for  1875,  part  2,  p.  119.) 

Money  statement. 

Amount  available  Jaly  1,1875 $20,755  24 

Amount  expended  during  fifical  year  ending  June  30, 1876 11, 313  37 

Amount  available  July  1,1876 9,441  87 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     14, 000  00 


G  2. 

ACCOTINK  CREEK,  VIRGINIA. 

No  funds  have  been  available  for  this  improvement  during  the  year, 
and  no  work  has  been  done. 

The  amount  required  to  complete  the  work  according  to  the  original 
estimate  is  $14,000.    The  appropriation  made  June  10, 1872,  was  $5,000. 

Accotink  is  in  the  ooUection-diBtriot  of  Alexandria;  which  is  the  nearest  port  of 
entry. 
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G3. 

OCCOQUAN  RIVER,  VIRGINIA. 

An  appropriation  of  $5,000  was  made  by  act  of  March  3, 1875,  and 
the  work  offered  for  contract,  the  following  bids  having  been  received 
and  opened  Jane  30, 1875 : 


i 

a 


1 
S 
3 

4 
5 


Namo  snd  addrefw. 


A.  A.  Dodf^e,  Baltimore,  Md 

G,  H.  Ferris,  Brooklyn,  N.  Y 

Wm.  H.  Beard,  Brooklyo,  N.  Y  .  - . . 
Thoa.  P.  Morgan,  Waahineton,  D.  C 
J.  H.  Teemyerdc  Co.,BalaiDore,Md 


Removed  in 

BCOWB. 


9 


fe'S 


9 
O 


a 


10  27|f  1, 890  10  13||1, 690 
General  bid  of  SOoents. 


Deposited 

ou  sides 

of  channel. 


,0 
a 


P4 


■So 
9.0 
2  s 


24 
S4 


1,680 

18 

1,540 

15 

1.680 

18 

8,340 
1,950 
9,340 


Total. 


93,580 
4,000 

4,oao 

3,490 
4,090 


Timo  of  com- 
mencement. 


Sept    10,1875 
Nov.      1,1875 
Feb.       1, 1876 
Immediately. 
Jaly     15, 1875 


Timeofeom- 
plelion. 


Jan.  10,1876 
June  30, 1876 
June  30, 1876 
Sept  1,1875 
Nov.  30,1875 


Contract  awarded  to  Mr.  Thos.  P.  Morgan,  of  Washington,  D.  C. 

The  contractor,  having  been  nnable  to  complete  other  work  on  which 
he  was  engaged,  was  permitted  to  defer  commencing  until  March  1, 
1876.  A  channel  was  first  excavated  throngh  the  bar,  abont  midway 
between  the  railroad-bridge  and  Occoquan,  over  which  but  4^  feet  coald 
be  carried  at  low-water.  The  material  excavated  was  coarse  sand,  and 
was  deposited  on  the  edge  of  the  upper  mud,  and  below  the  bridge,  in 
from  4  to  5  feet  of  water.  The  channel  was  completed  April  15.  with  a 
•    width  of  80  feet  and  a  depth  of  from  5J  to  6  feet  at  low-water. ' 

As  this  bar  owes  its  formation  to  a  sudden  increase  in  the  width  of 
the  river,  and  the  consequent  deposit  of  material  brought  down  by 
freshets,  the  channel  can  hardly  be  expected  to  maintain  its  depth 
without  the  aid  of  a  dike  to  contract  the  width  of  the  river. 

A  survey  of  the  channel  through  the  haven  mud  at  the  mouth  of  the 
river  was  made  April  8.  It  was  found  that  owing  to  the  accumulation 
of  logs  and  drift-wood,  and  from  other  causes,  the  channel  had  filled  in 
to  such  an  extent  that  but  little  more  than  4  feet  could  be  carried 
through  it  at  low-water.  It  was,  therefore,  found  necessary  to  re- 
dredge  the  larger  part  of  this  channel,  and  to  remove  the  material  in 
scows.  The  work  was  commenced  April  18,  and  continued  until  the 
available  funds  were  exhausted.  May  17 ;  2,000  feet  of  the  channel  were 
completed  to  a  width  of  45  feet,  and'about  700  feet  to  a  width  of  65  feet, 
the  depth  being  from  5^  to  6^  feet  at  low-water.  The  material  excavated 
was  soft  mud,  and  was  deposited  in  Occoquan  Bay.  Six  oak  piles  were 
driven  on  the  easterly  side  of  the  channel  to  mark  its  direction.  This 
channel  would  better  retain  its  depth  if  it  were  located  in  the  direction 
of  the  tidal  currents.  The  original  estimate  was  $18,000.  The  follow- 
ing appropriations  have  been  made:  $5,000  March  3,  1873;  $5^000 
June  23, 1874 ;  $5,000  March  3, 1875. 

Eequired  to  complete  the  work  according  to  original  estimate,  $3,000. 

For  the  dike,  as  proposed  for  the  bar  below  Occoqaan,  $5,000  will  be 
required. 

Ooooqnan  is  in  the  ooUecUon-diBtriot  of  Alexandria. 
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Money  statement. 

AmduDt  available  July  1, 1875 $5,493  92 

Amount  expended  daring  fiscal  year  ending  Jane  30, 1876 5, 071  91 

Amount  available  July  1,1876 422  01 

Amount  (estimated)  required  for  completion  of  existing  project 8, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878  8, 000  00 


G  4. 

AQUIA  CREEK,  VIRGINIA. 

At  the  date  of  the  last  report  $2,000,  appropriated  March  3, 1875, 
were  available  for  this  work.  The  followiag  bids  were  received  and 
opened  at  12  m.,  Jane  30,  1875  : 


DopoHited  on 
Hides  of 

Removed 

channel. 

in  scows . 

0 

s 

.^4 

s 

■ 

Name  and  address. 

ce  per  cub 
yard. 

for  7,5 
yards. 

for  2,5 
yards. 

Total. 

Time  of  com- 
mencement. 

Time  of  com 
pletion. 

1 

nnnt 
ibic 

•* 

s 

a  0 
1? 

a 

•c 

SS 

■c 

as 

^ 

PL4 

10  20 

< 

04 

< 

1 

W.  H.  Beard,  Brooklyn,  N.  T 

Thomas  P.  Morgao,  w  ashineton, 

$1,500 

90  25 

$625 

1 
12, 125    Apr.    1, 1876    Juno  30, 1876 

2 

15 

1,125 

22 

550 

1,675    Sept,   1,1875    Nov.    1,1875 

D.C. 

1 

3 

A.  A.  Dodge.  Baltimore,  Md 

13 

975 

27 

675 

1,650 

July  10, 1875 

Sept  10, 1875 

Contract  awarded  to  A.  A.  Dodge,  Baltimore,  Md. 

Work  was  commenced  August  4, 1875.  The  channel  begun  in  1874 
was  completed  to  the  width  of  40  feet  and  depth  of  4  feet  at  low- 
water,  and  a  portion  further  widened  to  80  feet.  The  work  was  delayed 
by  breakage  of  machinery  and  other  causes,  so  that  it  was  not  com- 
pleted until  September  22, 1875, 

The  amount  of  material  removed  per  day  averaged  327  cubic  yards 
for  actual  time  worked.  These  operations  have  been  conducted  above 
the  railroad  bridge  exclusively,  and  have  been  so  directed  as  to  attain 
the  best  results  with  the  small  appropriations  and  without  deviating  from 
the  original  plan.  The  character  of  the  creek  and  the  discussion  of  the 
improvement  are  fully  given  in  the  report  of  1875.  The  total  amount 
of  appropriations  was  $5,500.  The  original  estimate  was  $18,000.  On 
account  of  delay  in  not  completing  the  work  at  once  this  sum  should  be 
increased  to  $20,000.  Every  new  contract  for  this  work  requires  addi- 
tional expenditure  for  towing  the  dredging-plant  to  and  from  the  work, 
and  a«  the  unfinished  cut  fills  more  rapidly,  much  of  the  work  has  to  be 
redredged.  This  would  have  been  obviated  by  granting  the  amount  of 
the  original  estimate  in  one  appropriation.  The  work  was  so  uncertain 
that  Congress  wisely  concluded  to  order  an  experimental  channel.  The 
original  estimate  was  $18,000.  The  following  appropriations  have  been 
granted:  $1,500  June  10, 1872:  $2,000  March  3,  1873  5  $2,000  March 
3, 1875. 

The  oreek  is  in  the  coUection-district  of  Alexandria. 

Money  statement 

Amountavailable  July  1,1875 82,003  71 

Amount  expended  during  fiscal  year  ending  June  30, 1876 2, 003  71 

Amount  (estimated )  required  for  completion  of  existing  project 14, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 . .  14, 500  00 
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G5. 

NOMINI  CREEK,  VIRGINIA. 

The  work  was  offered  for  contract  under  the  act  of  March  3, 1875,  ap- 
propriating $5,000.  The  following  is  an  abstract  of  bids  received  and 
opened  at  12  m.,  June  30, 1875 : 


Name  and  addreas. 

Dredging. 

Driving  piloB. 

Time  of  corn- 
men  cement. 

B 

0 

§1 

I"" 

Amoant  for 
15,000  cable 
yards. 

n 

B 

Amonnt  for 
1 ,000  linear 
feet. 

Time  of  com- 
pletlon. 

1 

2 
3 
4 
5 

J.  H.  Teemyer  &  Co.,  Balti- 
more, Md. 
W.  H.  B<»ard,  Brooklyn,  N.  Y 
Edgar  M.  Payn,  Albany,  N.Y 
G.  H.  Ferris,  Brooklyn.  N.  Y  . 
Thomas  P.  Morgan,  Waah- 
ington,  D.  C. 

10  30 

36 
49i 
33 
33 

H500  00 

5, 400  00 
7,462  50 
4,950  00 
4. 950  00 

io'ao 
"56" 

No  bid 

No  bid 

1200  00 
No  bid 

$500  00 

Oct.     1, 1875 

April  1, 1875 
Dec.  1,1875 
Nov.  1,1875 
Nov.  1,1875 

Jnae  30,1876 

Jane  30,1876 
June  30, 1876 
Jane  30,1876 
Jane  30, 1876 

Contract  for  dredging  awarded  to  J.  H.  Teemyer  &  Co.,  of  Baltimore,  Md. 

The  work  to  be  done  consisted  in  widening  and  deepening  the  exist- 
ing channel  near  White  Point  and  between  Hickory  and  Ice-House 
Points,  where  the  rapidity  and  flirection  of  the  currents  made  this  process 
necessary  for  safe  navigation,  as  well  as  the  completion  of  the  plan  of 
improvement  according  to  the  original  design. 

Work  was  commenced  October  6. 1875,  but  the  dredging-machine 
used  was  not  suf&ciently  strong,  ana  frequently  broke  down,  causing 
delays  of  from  1  to  6  days.  The  prevailing  high  winds  also  inter- 
fered materially  with  the  progress  of  the  work.  Dredging  was  contin- 
ued until  November  30,  when  the  boiler  began  to  leak  from  the  use  of 
salt-water,  so  that  it  was  found  necessary  to  bring  the  dredge  to  Wash- 
ington for  repairs.  Up  to  this  date,  6,016  cubic  yards  of  material  had 
been  excavated.  This  work  has  not  yet  been  resumed.  Oak  piles  have 
been  driven  to  mark  the  channel. 

The  actual  cost  of  conducting  operations  has  been  greater  than  was 
anticipated,  on  account  of  delays  and  increased  contingent  expenses  due 
to  the  factfthat  the  appropriations  were  granted  in  small  sums.  For 
this  reason,  as  stated  in  my  last  report,  $5,000  will  be  required  to  deepen 
and  widen  the  natural  channel  and  to  build,  if  on  re-examination*  it 
appears  necessary,  a  short  submarine  dam. 

The  original  estimate  was  $20,000.  The  following  appropriations  have 
been  made:  $10,000  March  3, 1873;  $6,000  June  23, 1874;  $5,000  March 
3, 1875. 

Nomini  Creek  is  in  the  coUection-district  of  Alexandria,  whioh  is  also  the  nearest 
port  of  entry. 

Since  the  suspension  of  dredging  operations,  small  steamers  have  been 
regularly  plying  between  the  creek  and  Washington. 

Money  statement. 

Amount  availahle  July  1, 1875 $4,997  67 

Amount  expended  daring  fiscal  year  ending  June  30, 1876 3, 144  44 

Amount  available  July  1, 1876,  including  $180.48  due  on  contracts 1, 853  23 

Amount  (estimated)  required  for  completion  of  existing  project 6, 000  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1878.    6, 000  00 
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G  6. 

RAPPAHANNOCK  RIVER,  VIRGINIA. 

At  the  date  of  the  last  report  Mr.  E.  M.  Payn  was  still  engaged  dredg- 
ing a  channel  along  the  wharf-front  at  Fredericksbarg.  This  work  was 
completed  July  28, 1875,  giving  a  channel  9  feet  deep  and  50  feet  wide. 
The  excavated  material  was  deposited  behind  the  dikes.  The  completed 
channel  is  shown  on  map  Ko.  1. 

The  amoant  offered  for  contract  under  the  act  of  March  3,  1875,  was 
$5,000.  The  following  is  an  abstract  of  bids  for  this  work  opened  Jane 
30, 1875 : 


O 

s 


1 
S 
3 


Name  and  addresa. 


21 


E.M.Payn,Albanv,N.Y 

G.  H.  Ferrie,  Brooklyn,  N.  Y 

Thomas  P.  Morgan,  Washington,  D.  C 


Amount  for 
15,000  cubic 
yards. 


^  49S         $7, 481  25 


34i 
38 


5, 175  00 
5, 700  00 


Time  of  com- 
mencement. 


Time  of  com- 
pletion. 


Dea  31,1875 
Jane  30,1876 
April    1,1876 


Contraot  awarded  to  Mr.  G.  H.  Ferris,  of  Brooklyn,  N.  Y. 

At  the  time  fixed  for  commencing  this  work  Mr.  Ferris  was  engaged 
on  river  improvements  elsewhere,  which  he  had  been  unable  to  complete, 
and  he  was  permitted  to  defer  commencing  nntil  March  14, 1876.  The 
work  proposed  was  a  channel  9  feet  deep  and  50  feet  wide  through  that 
part  of  Fredericksburg  Bar  between  the  lower  wharf  and  Deep  Eun. 
Owing  to  the  lack  of  fnnds  this  was  not  completed.  A  heavy  freshet 
occurred  while  the  work  was  in  progress,  which  filled  in  the  upper  end 
of  the  channel  from  1  to  2  feet.  Work  was  suspended  May  8, 16,044 
cubic  yards  having  been  excavated  and  deposited  behind  the  lower  dike, 
an  average  of  392  yards  per  day  for  actual  time  made.  The  material 
excavated  was  sand.  This  channel  is  shown  on  map  No.  2.  On  May  6, 
187Q,  an  examination  was  made  of  the  channel  excavated  by  Mr.  Payn 
along  the  wharves.  It  was  found  to  have  filled  in  generally  about  2  feet, 
and  at  one  point  as  much  as  5  feet. 

On  May  28  a  survey  of  Castle  Ferry  Bar  was  made.  It  is  9  miles  be- 
low Fredericksburg,  and  is  stated  by  steamboat  captains  to  have  the 
least  water  of  any  bar  below  Fredericksburg.  The  survey  showed  that 
8J  feet  can  easily  be  carried  over  it  at  low-water,  and  its  improvement 
at  the  present  time  seems  unnecessary.  The  bar  at  Fredericksburg 
still  remains  the  chief  obstruction  to  navigation. 

There  has  been  no  improvement  in  the  trade  of  the  river  since  1874. 
(See  report  of  Colonel  Craighill  to  Chief  of  Engineers,  1876.)  According 
to  the  original  estimate,  (Report  of  Chief  of  Engineers,  1875,)  $44,000 
will  be  required  to  improve  the  bars  below  the  city,  so  as  to  give  a 
depth  of  10  feet  at  low-water.  This  depth  is  much  greater  than  that 
which  can  be  maintained  on  the  Fredericksburg  Bar  by  the  annual  ex- 
penditure of  $7,500.  Should  Congress  deem  the  trade  of  sufficient  im- 
portance to  justify  the  outlay,  this  sum  should  be  expended  each  year  to 
maintain  a  depth  of  from  8  to  9  feet  at  Fredericksburg. 

The  amounts  appropriated  for  this  river  have  been  as  follows :  $15,000 
March  3, 1871 ;  $15,000  June  10, 1872  5  $15,000  March  3, 1873 ;  $7,000 
June  23,  1874 ;  $5,000  March  3, 1875 ;  $10,000  August,  1876. 

The  work  is  in  the  collection-district  of  Tappahannook. 
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Money  slatement 

Amount  available  July  1,  1875 $13,4:37  57 

Amount  ezpeuded  daring  fiscal  year  ending  June  30, 1876 13, 036  82 

Amount  available  July  1, 1876 400  75 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 34, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  34, 000  00 


G7. 

ELIZABETH  RIVER,  VIRGINIA. 

The  act  of  March  3, 1875,  appropriated  $5,000  for  this  river,  and  the 
work  was  offered  for  contract,  the  following  bids  having  been  opened 
July  7,  1875: 


>: 

Name  and  address. 

Deposited 
in  Dasin. 

Deposited 
on  marshes. 

Timeofoom- 
menoement. 

Time  of  com* 

a 

Per  cable 
yard. 

Per  oubio 
yard. 

pletion. 

1 

B.  M.  Pavn.  Albany.  N.  Y 

$0  36 
89 

10  441 
35 

Deo.  31,1875 
July  10. 1875 

Jane  30,1876 
Sept  10, 1875 

9 

H.  B.  Calpeoper.  Portsmouth.  Va 

Contract  awarded  to  H.  £.  Culpepper,  Portsmoath,  Va.      / 

The  work  proposed  was  widening  and  deepening  the  river-channel 
between  the  Albemarle  and  Chesapeake  Canal  locks  and  Park's  Gap  to 
a  depth  of  7^  feet  at  low- water  and  a  width  of  60  feet.  The  work  was 
commenced  July  27, 1875,  and  completed  as  far  as  the  fands  would  per- 
mit October  6, 1875.  The  material  excavated  was  hard  sand.  It  was 
deposited  on  the  marshes,  and  in  the  river  at  localities  where  it  would 
not  interfere  with  navigation.  The  amount  required  to  complete  the 
work  according  to  the  estimate  of  last  year  was  $8,500.  The  amount 
grantM  by  Congress  was  $5,000.  Whether  the  incidental  contingent 
and  other  expenses  due  to  delay  in  granting  the  full  amount  will  increase 
the  estimated  cost  of  the  work  cannot  be  determined  until  the  appro- 
priation just  made  available  has  been  exhausted. 

The  estimated  cost  of  the  improvement  was  $25,000.  The  appropria- 
tions by  Congress  have  been:  $15,000  March  3, 1873;  $10,000  June  23, 
1874;  $5,000  March  3,  1875;  $5,000  August,.  1876.  Additional  sum 
asked,  for  reasons  stated  in  last  report,  $3,500. 

Elizabeth  River  is  in  the  collection-district  of  Norfolk,  Va. 

The  statistics  of  trade  and  tonnage  appended  to  previous  reports 
clearly  establish  the  great  importance  of  preserving  the  navigation  of 
this  river. 

Money  statement 

Amount  available  Joly  1, 1875 $4,726  40 

Amoant  expended  dnrinff  fiscal  year  ending  Jane  30, 1B76 4,608  38 

Amount  available  Jnly  1, 1876 118  02 

Amount  appropriated  by  act  approved  Aagast  14, 1876 .' ....  5,000  00 

Amount  (estimated)  required  ror  oompletion  of  existing  project 3, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  3, 500  00 
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G  8. 

NANSEMOND  RIVER,  VIRGINIA. 

The  amount  offered  for  contract  under  the  act  of  March  3,  1875,  was 
$5,000.  The  following  is  an  abstract  of  the  bids  received,  which  were 
opened  at  12  ra.  on  July  7, 1875: 


1 

1 

Name  and  address. 

Deposited  in 
deep  wat«r. 

H 

Per  cub. 
yard. 

Deposited  on 
marshes. 

Deposited  on 
wharves. 

Removal 
of  wreck 

Time  of  com- 
menoement. 

Time  of  com* 
pletion. 

Per  cub. 
yaid. 

Per  cnb. 
yard. 

10  32 

No  bid 

50 

Per  cub. 
yard. 

1 

3 
3 

H.  E.  Colpepper,  Ports- 
month,  Va. 

J.  H.  Teemyer  &,  Co.,  Bal- 
timore, Md.* 

E.  M.  Payn,  Albany,  N.  Y. 

$0  92 

98 
241 

10  26 

No  bid 

43 

10  30 
No  bid 
No  bid 

$400  00 
450  00 
No  bid.. 

Sept  20, 1875 
Oct.  1, 1875 
Sept   1,1875 

Nov.  90,1875 
Jane  30,1876 
Deo.   31,1875 

*  Conditional  on  acceptance  of  bid  for  dredging. 
Contract  awarded  to  H.  E.  Culpepper,  Portsmoath,  Va. 

The  work  proposed  was  a  channel  60  feet  wide  and  7^  feet  deep,  at 
low-water,  through  the  bar  at  Suffolk.  The  work  was  commenced  Octo- 
ber 20,  1875,  the  wreck  being  first  removed  and  placed  on  the  marsh  on 
the  opposite  side  of  the  river.  The  dredging  was  commenced  October 
25.  Some  of  the  material  excavated  was  deposited  on  the  marshes  and 
wharves,  but  the  larger  part  was  dumped  in  a  deep  creek  about  one 
mile  above  Suffolk.  On  December  7,  a  second  dredge  was  placed  on 
the  work,  which  was  completed  January  5,  1876. 

The  original  estimate  for  improving  the  river  was  $30,000.  Appro- 
priations have  been  made  as  follows:  $15,000  March  3, 1873;  $10,000 
June  23, 1874;  $5,000  March  3, 1875;  $5,000  August,  1876. 

To  complete  the  work  according  to  the  estimate  of  last  year,  $2,000 
will  be  required.  This  sum  should  be  expended  in  repairing  the  old 
dike  near  Western  Branch  Bar,  which  is  in  very  bad  condition. 

Nansemond  is  in  the  colleotion-district  of  Norfolk,  Va.,  which  la  also  the  nearest 
port  of  entry. 

Money  statement. 

Amoanfc  available  Jaly  1, 1875 $6,921  52 

Amount  expended  daring  fiscal  year  ending  June  30, 1876 6, 833  93 

Amonnt  available  July  1, 1876    87  59 

Amount  appropriated  by  act  approved  Angnst  14,1876 5,000  00 

Amount  (estimated)  required  u>r  completion  of  existing  project 2, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  2, 000  00 


G  g. 

ROANOKE  RIVEB,  NORTH  CAROLINA. 

At  the  date  of  the  last  report  the  contractor  for  the  dike  at  Indian 
Highland  Bar  was  making  preparations  for  the  work.  Before  it  could 
be  commenced,  however,  the  river  rose,  and  work  was  not  begun  until 
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October  15, 1875.  It  was  continued  with  frequent  suspensions  from 
high-water  and  other  causes  until  February  7, 1876,  when  the  river  again 
rose  to  such  a  height  that  operations  were  entirely  suspended. 

During  the  low- water  of  October  14  and  15,  a  measurement  was  made 
of  the  rocks  partially  removed  at  Weldon  by  Mr.  Foote,  under  the 
direction  of  Colonel  Oraighill.  The  amount  of  rock-excavation  was 
accurately  ascertained,  and  payment  was  accordingly  made  for  63  cubic 
yards. 

In  my  last  report  the  difficulty  of  improving  the  bars  in  the  Boanoke 
Kiver  between  Weldon  and  Plymouth  was  fully  stated.  It  is  reported 
that  the  two  dangerous  bars  above  Norfleet's  Landing,  known  as  Rocky 
Bars,  are  not  navigable  when  the  water  is  below  3  feet,  except  by  the 
Weldon  steamboat,  which  draws  but  IJ  feet  when  half  loaded.  Bridg- 
er's  Ferry  is  the  head  of  navigation  for  all  other  boats  plying  on  the 
lioanoke. 

Inquiry  has  been  made  as  to  the  head  of  navigation  during  the  low- 
water  season  for  several  years.  The  following  replies  have  been  re- 
ceived : 

1870,  river  not  navigable  above  Hamilton  from  Jane  5  to  September  12. 

1871,  river  not  navigable  above  Hamilton  from  July  18  to  October  7. 

1872,  river  not  navigable  above  Hamilton  from  Jnly  7  to  October  30. 

1873,  river  not  navigable  above  Flag  Ran  from  Jnly  27  to  November  7. 

1874,  river  not  navigable  above  Flag  Ran  from  Jaly  2  to  December  4. 

1875,  river  navigable  the  whole  year  to  Norfleet's  Landing. 

Dangerous  snags  now  exist  at  Indian  Greek,  Flag  Bun,  Legget's  Bar, 
and  Norfleet's  Landing,  wh^ch  interfere  seriously  with  the  navigation  of 
the  river,  and  should  be  removed. 

If  Oongress  should  determine  to  continue  this  improvement,' $45,000 
should  be  appropriated  for  the  next  year,  to  be  applied  to  the  improve- 
ment of  the  bars  next  above  Indian  Highland,  as  indicated  in  the  last 
annual  report.  If,  however,  it  is  the  opinion  that  operations  should  be 
suspended,  $3,000  will  still  be  required  for  the  removal  of  the  snags 
above  referred  to. 

The  most  serious  obstacle  to  the  practical  operations  of  the  improve- 
ment of  the  river  (after  the  uncertain  mutations  of  the  sand-bars)  is 
found  in  the  unceasing  oscillations  of  the  water-surface.  To  determine 
the  period  and  height  of  these  movements,  I  have  caused  gauge-observ- 
ations to  be  taken  at  Weldon,  at  Hamilton,  68  miles  below,  and  at 
Plymouth,  122  miles  below.  I  found  great  difficulty  in  securing  accurate 
observers,  but  after  carefully  sifting  the  records  I  have  concluded  that 
the  following  table  might  be  of  value  in  case  an  improvement  of  the 
river  is  again  ordered  by  Congress.  It  gives  the  height  of  the  surface 
at  Weldon  and  Hamilton  for  nearly  every  day  from  February  1, 1875, 
to  June  30, 1876.  It  was  found  that  the  changes  of  the  water-level  at 
Plymouth  were  but  little  affected  by  the  freshets  in  the  river;  the  ob- 
servations at  this  point  were  therefore  discontinued,  and  none  have 
been  included  in  the  table. 
23  E 
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The  dates  and  amoants  of  appropriations  for  the  river  below  Weldon 
have  been  as  follows :  March  3, 1871,  $20,000 ;  June  10, 1872,  $10,000 ; 
March  3, 1873,  $10,000;  June  23, 1874,  $5,000;  total,  $45,000. 

The  nearest  collection-diBtrict  is  EdentoD,  N.  C. 

Amount  of  dike  now  completed,  986  linear  feet. 

Money  statement 

Amount  available  July  1, 1875 $10,586  12 

Amount  expended  during  fiscal  year  ending  June  30, 1876 5, 303  49 

Amount  available  July  1,  1876,  including  ^^36.88  due  on  contracts 5, 282  63 

Amount  (estimated)  required  for  completion  of  existing  project 222, 000  00 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1878.     45, 000  00 


TABULAR  STATEMENT  OF  DELAYS  FROM  BREAKAOB  AND  OTHER  CAUSES  ON  SIX  DIFFER- 
ENT IMPROVEMENTS. 


1 

1 
1 

<D 

s 
1 

'el 
1 

< 

Delays. 

t 

1 
o 

1 

Average    am't 
of  excavation 
per  day. 

Improvement. 

1 

1 

i 
5Z5 

1 

1 

For  actual 
time. 

Causes  of  delay. 

Anaia  Creek 

43 

48 
66 

47 
63 
61 

25* 

27 
58 

40  5.6 
53i 

17* 

91 

14 

61-6 

41 
44 
31 

13 
14 
32 

4 

9 

H 

9 
74 

7* 

194 
123 
276 

341 

*231 

188 

327 
233 
351 

392 

*257 

241 

14)  davs  for  repairs. 
Largely  for  repairs. 
Freshet,  low  water,  and 

repairs. 
Freshets,  &o. 
Repairs. 

Komini  Creek 

Ocooqoan  Eiver 

Bappahannook  River .. 

Kaneemond  Ki  ver 

Elizabeth  River 

*  Two  dredges  employed  for  a  part  of  the  time.    The  amount  is  the  average  per  dredge. 

According  to  the  above  table,  the  delays  in  the  dredging  operations 
and  the  conseqaent  loss  of  the  contractor  ranges  from  13  to  44  per  cent. 
The  greatest  delay  occars  at  points  which  are  distant  from  shops  where 
repairs  can  be  promptly  execated,  or  at  localities  exposed  to  the  winds. 
The  greatest  are  foand  necessary  when  the  machinery  is  old.  Another 
class  of  delays  occur  from  want  of  foresight  or  judgment.  A  carefully- 
prepared  record  of  the  delays  and  their  causes  would  supply  valuable 
information  to  inexperienced  contractors. 


G   10. 

examination  of  the  east  branch  of  potomac  river,  from  the 
navy- yard  to  bladensburg,  district  of  columbia. 

United  States  Engineer  Office, 
Wcushington^  2>.  (7.,  Decennber  23, 1876. 

General  :  In  the  act  of  Congress  approved  March  3, 1876,  provision 
is  made  for  an  examination  or  survey  of  the  East  Branch  of  Potomac 
liiver  from  Bladensburg,  Md.,  to  the  navy -yard.  District  of  Columbia. 
This  duty  was  assigned  to  me  by  your  letter  of  March  22, 1875. 
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In  order  to  ascertain  the  intent  of  the  above-mentioned  provision,  I 
addressed  a  letter  to  the.  Hon.  Lloyd  Lowndes,  M.  C,  by  whom  I  was 
referred  to  the  president  of  the  Chesapeake  and  Ohio  Canal  Company. 

1  learned,  on  consultation  with  this  gentleman,  that  the  company  of 
which  he  was  president  proposed  to  open  a  water-communication  be- 
tween the  harbors  of  Washington  and  Baltimore,  and  that  the  improve- 
ment of  the  channel  of  the  Eastern  Branch  was  a  part  of  this  scheme. 

To  complete  the  canal  to  one  of  the  navigable  tributaries  of  Chesa- 
peake Bay,  the  parties  interested  propose  to  form  a  joint-stock  company 
and  to  obtain  the  aid  of  the  State  of  Maryland  to  carry  out  the  project. 
Two  routes  are  practicable.  The  least  expensive  route  will  probably  be 
found  near  an  airline  from  Bladensburgh  to  the  Severn  Eiver,  about 
eight  miles  above  Annapolis.  This  line  crosses  the  Patuxent  about  IJ 
miles  below  the  confluence  of  the  North  Branch,  and  is  17^  miles  in 
length. 

The  other  route  will  not  be  far  distant  from  an  air-line  from  Bladens- 
burg  to  the  Patapsco  Eiver,  near  the  month  of  Deep  Eun,  a  distance  of 
twenty -one  miles.  The  distance  from  Deep  Eun  to  Baltimore  by  the 
channel  of  the  Patapsco  is  very  nearly  12  miles. 

Two  routes  have  been  surveyed,  both  of  which  are  near  this  airline. 
That  which  seems  to  be  the  least  expensive  was  examined  by  Mr.  Isaac 
Trimble,  in  or  about  the  year  1838.  It  is  twenty-four  miles  in  length, 
nearly.  Following  the  Eastern  Branch  above  Bladensburgh  for  ten 
miles,  this  route,  after  leaving  the  branch,  passes  over  a  ridge  155  feet 
above  tide,  then  crossing  the  Patuxent  3  miles  east  of  the  air-line, 
it  continues  four  miles  farther  to  the  North  Branch  of  the  Patuxent, 
passing  over  in  this  distance  a  ridge  135  feet  above  tide ;  then  crossing 
the  North  Branch,  2^  miles  east  of  the  air-line,  it  follows  up  a  creek  for 

2  miles,  and  crossing  over  to  Deep  Eun,  it  follows  the  run  to  the 
Patapsco  Eiver. 

As  a  good  map  of  the  branch,  made  at  the  United  States  Coast  Sur- 
vey Office  in  1862  and  1865,  showed  the  condition  of  the  river  at  those 
dates,  I  directed  Assistant  Engineer  J.  B.  Duncklee  to  establish  gauges 
to  determine  the  character  of  the  tides,  and  to  sound  the  river,  with  the 
object  of  ascertaining  whether  any  changes  had  taken  place,  as  well  as 
for  the  purpose  of  obtaining  the  information  necessary  for  an  estimate 
of  the  cost  of  improvement.  This  examination  was  made  August  19 
and  20, 1875. 

The  Eastern  Branch  is  navigable  (at  low  water)  from  its  mouth 
to  the  navy-yard,  a  distance  of  If  miles,  by  vessels  drawing  14 
feet.  The  ruling  depth  between  the  navy-yard  and  Anacostia  bridge 
is  18  feet.  The  length  of  this  bridge  is  1,614  feet.  The  draw  of  this 
bridge  is  on  the  easterly  side  of  the  channel,  has  an  opening  of  33  feet, 
and  will  allow  vessels  drawing  12  feet  to  pass  through. 

Between  Anacostia  bridge  and  the  Baltimore  and  Potomac  Eailroad 
bridge  the  ruling  depth  is  12  feet,  and  the  greatest  depth  22  feet.  No 
obstruction  to  the  desired  class  of  navigation  exists  up  to  this  point. 

The  Baltimore  and  Potomac  Eailroad  crosses  the  river  on  a  trestle- 
bridge.  Its  course  is  very  oblique,  1,900  feet  of  it  being  near  the  west 
bank ;  its  total  length  is  3,966  feet.  This  bridge  has  no  draw,  but  the 
span  at  the  channel  is  100  feet,  and  is  crossed  by  a  Howe  truss,  the 
lower  chord  of  which  is  7/^  feet  (in  the  clear)  above  low- water.  For  the 
uninterrupted  navigation  of  the  river  the  bridge  should  be  provided  with 
a  draw.  The  channel  keeps  near  the  right  or  west  bank ;  the  flat  on  the 
left  deei)oning  from  2  feet  at  the  upper  bridge  to  4  feet  at  the  lower. 
The  width  of  the  river  between  banks  is  1,340  feet. 
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Between  the  Baltimore  and  Potomac  Eailroad  bridge  and  Beuning's 
bridge  there  are  2  sboals  through  which  a  channel  should  be  dredged  j 
one  is  about  two-thirds  of  a  mile  above  the  railroad  bridge,  and  the  other 
is  just  below  Benning's  bridge.  Benning^s  bridge  is  an  ordinary  trestle- 
bridge,  the  distance  between  the  bents  being  24  feet ;  the  lower  chord  is 
7^Q  feet  above  low- water.  This  bridge  should  also  be  provided  with  a 
draw.    Length  of  Benning's  bridge  is  690  feet. 

Between  these  two  bridges  the  river  has  an  average  width  of  3,150 
feet.  The  channel  crosses  by  an  easy  curve  from  the  left  or  east  side  to 
the  right  side,  flowing  between  a  grass  marsh  on  the  right  and  a  flat  on 
the  left.  The  marsh  covers  nearly*one-half  of  the  area  between  the 
bridges.  The  flat,  which  is  nearly- as  large,  has  a  depth  of  from  1  to  2 J 
feet  at  low-water. 

For  about  1  mile  above  Benning's  bridge  the  river  has  an  average 
width  of  1,340  feet.  In  this  area  are  two  grass  marshes,  one  next  to  the 
left  bank  having  the  dimensions  3,650  by  740  feet;  the  other,  near  the 
middle  of  the  river,  (and  300  feet  above  the  bridge,)  which  is  750  feet 
long  by  225  feet  wide.  The  river  contracts  to  350  feet  at  1  mile  above 
the  bridge,  and  is  gradually  reduced  to  135  feet  at  Bladensburg,  which 
is  4  miles  from  the  bridge. 

For  a  distance  of  about  1,000  feet  above  Benning's  bridge  a  suflicient 
depth  of  water  exists,  but  between  this  point  and  Bladensburg  dredg- 
ing will  be  required  for  almost  the  entire  dista.nce.  Upon  the  flats  and 
marshes  which  border  the  channel  the  dredged  material  can  be  depos- 
ited by  shoveling  it  from  the  scows.  The  bed  of  the  river  is,  in  general, 
formed  of  hard  sand,  with  an  admixture  of  gravel  near  Bladensburg. 
At  several  localities  sand  is  being  excavated ;  the  soundings  at  these 
points  show  a  considerable  increase  in  depth.  This  sand  is  sharp  and 
clean,  and  is  of  a  superior  quality  for  making  lime  and  cement  mortars. 
It  is  extensively  used  for  building-purposes  in  the  city  of  Washington. 

TIDE-  OBSERVATIONS. 

Tide-gauges  were  established  at  Benning's  bridge  and  at  Baltimore 
and  Potomac  Bailroad  bridge,  but  the  observations  did  not  extend  over 
a  period  sufficiently  long  to  permit  the  elimination  of  the  effect  of  winds. 

TIDES  AT  bladensburg;  OBSERVATIONS  CONTINUED  ONE  MONTH. 

Average  low- water,  0.7  foot  on  the  gange. 
Mean  range  of  tide,  2.1  feet. 
The  lowest  tide  noted  was  0.6. 
The  highest  tide  noted  was  3.5. 

There  were  frequent  and  heavy  rains  during  the  month,  which  caused 
small  freshets  in  the  river,  so  that  the  proper  movement  of  the  tide 
conld  not  be  determined.  On  several  days  the  northwest  wind  was  so 
strong  as  to  keep  back  the  tide  almost  entirely. 

The  observations  at  the  Baltimore  and  Potomac  Eailroad  bridge  were 
taken  but  9  days.  The  tides  were  affected  by  the  wind  and  frequent 
rains.  Average  low- water  (for  9  days)  was  found  to  be  —  0.1  on  the 
gauge,  the  range  being  3  feet.  The  lowest  tide  was  —  0.6.  This  gives 
at  the  Baltimore  and  Potomac  Eaikoad  bridge  a  range  equal  to  that  of 
the  Potomac  at  the  Long  Bridge. 

The  following  statement  of  distance  is  given : 

Miles. 

Distance  from  Bladensburg  to  Benning's  bridge 4.02 

Distance  from  Benning's  to  Baltimore  and  Potomac  Railroad  bridge 1. 47 

Distance  from  Baltimore  and  Potomac  Railroad  bridge  to  navy-yard 1.42 

Distance  from  navy-yard  to  month  of  Eastern  Branch 1.75 

Total  distance  from  Bladensburg  to  mouth  of  Eastern  Branch 8. 66 
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IMPROVEMENT. 

The  following  estimate  is  based  on  the  proposed  excavation  of  a  chan- 
nel 100  feet  wide,  8  feet  deep,  and  21 ,000  feet  long,  between  Bladens- 
burgh  and  the  navy-jard.  When  the  sides  of  the  excavation  assume 
their  natural  shape,  the  width  will  probably  be  reduced  to  30  or  40  feet, 
and  the  depth  to  7^  feet.  Assuming  that  the  shoaling  in  the  branch 
will  advance  as  rapidly  as  in  the  Potomac  Kiver  below  Easby's  Point, 
the  dredging  operations  will  have  to  be  repeated  every  3  or  1  years,  in 
order  to  maintain  the  requisite  deptU. 

ESTIMATE  FOR  A  CHANNEL  21,000  BY  100  BY  8  FEET. 

382,430  cubic  yards  exoavation,  at  40  cents $152,972 

Contingencies,  10  per  cent 15,297 

Total 168,269 

The  present  trade  of  the  branch  is  insignificant,  and  its  improvement 
has  but  little  importance  except  in  its  relation  to  the  proposed  canal. 
In  1835  vessels  carrying  100  hogsheads  of  tobacco,  or  about  60  tons, 
were  able  to  load  at  Bladensburg.  About  the  time  railroads  were  in- 
troduced, from  1,500  to  2,000  hogsheads  of  tobacco  were  shipped  annu- 
ally to  Alexandria,  as  I  am  informed  by  Mr.  C.  C.  Hyatt.  At  the  pres- 
ent time  the  channel  is  not  practicable  for  barges  except  at  high-water. 
A  map  of  the  branch,  from  Bladensburg  to  its  mouth,  accompanies 
this  report.  The  figures  in  red  show  some  of  the  soundings  taken  by 
Mr.  Duncklee,  assistant  engineer. 

Very  respectfully,  your  obedient  servant, 

S.  T.  Abert, 
United  States  Civil  Engineer. 
Brig.  Gen.  A.  A*  Humphreys, 

Chief  of  Engineers^  U.  8,  A. 


G  II. 

examination  of  the  harbor  at  edenton,  north  carolina. 

United  States  Engineer  Office, 

Washingtariy  D,  (7.,  December  14, 1875. 

General  :  Provision  is  made  in  the  act  of  Oongress  approved  March 
3, 1875,  for  a  survey  or  examination  of  Edenton  Harbor,  N.  0.,  which 
duty  was  assigned  to  me  by  your  letter  bearing  date  March  22, 1875. 

As  this  harbor  had  been  surveyed  by  officers  of  the  United  States 
Ooast  Survey,  and  an  estimate,  based  on  a  subsequent  examination,  had 
been  submitted  by  Colonel  Graighill,  a  personal  examination  only  was 
necessary  to  enable  me  to  comply  with  the  law  of  Congress. 

Edenton  Bay  is  in  the  northeast  corner  of  Albemarle  Sound.  Its  gen- 
eral form  is- triangular,  being  half  a  mile  wide  near  the  town,  and  about 
1  mile  southwardly,  where  the  bay  opens  into  the  sound,  it  is  2^  miles 
wide.  Cfiowan  Elver  enters  the  sound  on  the  west  of  a  broad  pocoson 
swamp,  separating  it  from  the  bay,  while  on  the  southwest,  and  8  miles 
distant,  and  almost  directly  opposite  the  bay,  the  Eoanoke  pours  its  tur- 
bid waters  into  the  sound. 

Edenton,  formerly  the  seat  of  colonial  government  in  North  Carolina, 
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is  now  tbe  county-seat  of  Chowan  County,  and  has  a  population  of  1,200 
inhabitants.  The  small  West  Indian  trade  it  once  possessed  has  been 
absorbed  by  Norfolk  and  Wilmington.  At  the  present  time  its  trade  is 
limited  to  Norfolk  and  Baltimore ;  steamers  make  weekly  trips  to  Frank- 
lin, on  the  Seaboard  and  Eoanoke  Railroad,  by  way  of  Chowan  and 
Blackwater  Eivers.  Shipments  are  also  made  to  Norfolk  and  Baltimore 
by  way  of  the  Chesapeake  and  Albemarle  Canal.  Boats  drawing  9  feet 
can  safely  navigate  the  Chowan  and  Blackwater  Eivers,  but  in  order  to 
approach  Eden  ton,  or  pass  through  the  Albemarle  and  Chesapeake 
Canal,  if;  would  not  be  safe  for  them  to  draw  more  than  6^  feet. 

The  land  in  the  vicinity  of  the  bay  is  level  and  sandy,  rising  8  to  12 
feet  abo7e  the  sand,  or  sinking  into  swamps  of  cypress  and  black  gum. 
It  yields  good  average  crops  of  corn,  a  small  amount  of  cotton,  fine 
pears  and  grapes,  and  some  garden-truck  for  the  Baltimore  market. 
The  natural  growth  consists  of  black  gum,  maple,  ash,  some  oak  and 
pine,  aod  an  undergrowth  of  reeds.  Railroad-ties,  shingles,  and  cypress- 
timber  are  shipped  in  small  quantities.  Herring  and  shad  fisheries  sup- 
ply a  large  part  of  the  annual  shipment.  The  sandy  beaches  and  the 
long  gradual  slope  of  the  adjacent  bottom  afford  facilities  for  drawing 
seine},  which  are  sometimes  from  a  mile  to  a  mile  and  a  half  in  length, 
and  18  feet  deep.  At  times  as  many  as  220,000  herrings  are  caught  in 
one  lanl.  Besides  the  fishermen,  or  boat's  crew,  there  are  15  other  men 
employed  on  shore,  and  40  women  and  boys  to  trim,  sort,  and  pack  the 
herrings.  The  outfit  and  first  year's  expense  of  one  seine  amount  to  from 
$12,000  to  $15,000. 

The  situation  of  Edenton  Harbor  is  not  favorable  to  the  preserva- 
tbn  of  its  depth.  The  feeble  Chowan  and  the  turbid  Roanoke  are  con- 
wonted  at  the  mouth  of  the  harbor  by  the  waters  of  Albemarle  Sound, 
driven  before  the  winds  from  the  northeast  round  by  east  to  the  south- 
^^st.  In  periods  of  calm  the  Roanoke  will  transport  its  sediment  into 
tie  harbor,  and  the  movement  will  be  increased  by  the  winds  from  the 
6>uthwe8t  and  southeast.  The  denudation  of  the  headlands  by  the  ac- 
tDu  of  the  waves  further  tends  to  reduce  the  depth  along  the  entire 
cotst  of  the  sound.  These  causes  are  unceasing,  and  if  they  were  not 
gudual  the  improvement  of  the  harbors  so  situated  would  be  imprac- 
tiuble. 

-he  gradual  deterioration  under  the  influences  above  named  affords 
sutcient  reason'to  believe  that  a  new  and  deeper  channel  can  be  made 
at  I  moderate  cost  to  answer  the  present  wants  of  navigation.  A  chan- 
nel Iredged  on  a  line  which  is  nearly  on  the  prolongation  of  the  main 
stret  of  Edenton,  having  a  length  of  2,500  or  2,G00  feet,  and  a  depth  of 
9  fet,  will  retain  its  depth  for  many  years.  Although  the  steamers  sel- 
dondraw  more  than  6^  or  7  feet,  the  variation  in  the  level  of  the  sound 
is  OD  of  several  reasons  which  may  be  assigned  for  making  a  cut  of 
this  epth.  The  depth  on  the  bar  in  ordinary  low-water  is  6J  feet,  and 
the  S-foot  curve  of  depth  is  reached  about  half  a  mile  from  the  wharf. 
The  ccillations  of  the  water-surface  sometimes  reduce  the  depth  from  1 
to  2  let.  There  are,  however,  no  regular  lunar  tides  in  Albemarle 
Sonnt  A  current,  almost  constant,  tends  to  the  east  or  down  the 
soundand  the  rise  and  fall  of  the  water  is  influeticed  solely  by  the 
windand  the  state  of  the  river  emptying  into  it.  At  the  western  end 
of  theound  the  water  is  depressed  by  northerly  and  westerly  winds,  and 
elevatl  by  those  from  the  south  and  east.  The  range  of  the  oscilla- 
tions mes  from  1  to  2  feet,  and  under  the  influence  of  extraordinary 
storm.may  even  double  this  quantity.  Hence  the  importance  of  an 
ampleepth  in  the  new  cut. 
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In  order  to  dredge  the  channel  as  above  described  and  to  deepen  the 
approach  to  the  wharves,  the  following  estimate  is  submitted : 

23,000  cubic  yards  of  dredging,  at  50  cents $11,500  OO 

SnperinteDdence  and  contingencies,  10  per  cent 1, 150  00 

Total 12,650  00 

A  map  of  the  harbor,  showing  the  line  of  the  proposed  channel, 
accompanies  this  report. 

Very  respectfally,  your  obedient  servant, 

S.  T.  Abert, 
United  States  Civil  Engiteer. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  JS.  A, 


G  12. 

examination  of  pasquotank  river.  from  albemarle  sound  to 

elizabeth  city,  north  carolina. 

United  States  Engineer  Office, 

Washingtan^  D.  0.,  Decetnber  J4, 1875. 

General  :  In  the  act  of  Congress  approved  March  3, 1876,  provision 
is  made  for  the  survey  and  examination  of  "Pasquotank  Eiver,  North 
Carolina,  from  Albemarle  Sound  to  Elizabeth  City,  N.  C."  This  duty 
was  assigned  to  me  by  your  letter  of  March  22, 1876,  and  on  the  10th  of 
June  I  made  a  personal  examination  of  the  river. 

Its  general  course  is  southwest,  flowing  between  Camden  and  Pas- 
quotank Counties,  and  emptying  into  Albemarle  Sound  near  its  north- 
western extremity.  From  Elizabeth  City  to  the  sound  the  distance  is 
19  miles,  and  the  channel  is  nearly  straight.  The  river  has  the  appear- 
ance of  an  arm  of  the  sound,  having  for  a  distance  of  2  miles  an  average 
width  of  one-half  a  mile,  gradually  widening  toward  the  mouth,  where 
it  is  3^  miles  wide. 

Ten  to  12  feet  can  be  carried  in  a  wide  and  nearly  straight  chann/ 
up  to  the  town,  where  a  depth  of  30  feet  can  be  obtained. 

The  river  between  the  limits  designated  in  the  act  is  free  from  obstru- 
tions,  and  can  be  navigated  by  vessels  of  a  much  greater  draught  thft 
are  ever  likely  to  enter  it. 

The  Pasquotank  derives  its  importance  from  being  the  outlet  of  le 
Dismal  Swamp  Canal,  which  enters  the  river  about  12  miles  ahre 
Elizabeth  City.  The  river,  therefore,  has  two  channels  of  communJa- 
tion  with  Norfolk ;  one  by  the  way  of  the  Dismal  Swamp  Canal,  ad 
the  other  by  way  of  the  Albemarle  and  Chesapeake  Canal.  The  fst 
canal  has  a  depth  of  4  feet,  the  latter  of  6 J  feet. 

The  population  of  Elizabeth  City  is  about  3,000.  As  no  improvertnt 
is  required,  no  estimate  is  submitted.  A  map  of  the  river  accompdes 
this  report. 

Very  respectfully,  your  obedient  servant, 

S.  T.  Abert, 
United  States  Civil  Engine* 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A, 
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G13. 

examination  of  perquimans  river,  from  its  mouth  to  the  town 

of  hertford,  north  carolina. 

United  States  Engineer  Office, 

Washington^  D.  (7.,  December  14, 1875. 

General  :  The  act  of  Congress  approved  March  23, 1875,  contains  a 
provision  for  the  survey  of  the  Perquimans  Kiver  from  its  mouth  to  the 
town  of  Hertford,  N.  C,  and  this  duty  was  assigned  to  me  by  your  let- 
ter under  date  of  March  22, 1875. 

The  Coast  Survey  chart  exhibited  no  special  obstruction  to  navigation, 
and  it  became  necessary  to  visit  the  river  to  ascertain  whether  any 
obstruction  existed.  With  this  object,  on  the  12th  of  June  last,  I  vis- 
ited Hertford  in  a  small  steamer. 

The  Perquimans  Eiver  is  about  11 J  miles  long  from  Hertford  to 
entrance  into  Albemarle  Sound,  flows  southeastwardly,  and  has  a  gen- 
eral width  of  1^  miles.  Kine  feet  water  can  be  carried  up  to  the  town, 
where  the  only  obstruction  to  navigation  is  found.  Here  several  logs 
and  stumps  have  accumulated  a  small  quantity  of  sand,  and  impede  the 
approach  of  steamboats  during  low-water.  The  range  of  the  water 
under  the  influence  of  the  winds  is  about  2  feet,  and  the  oscillations  are 
such  as  have  been  described  in  my  report  on  Edenton  Harbor. 

The  town  of  Hertford  has  about  500  inhabitants.  Steamers  from 
I^orlolk  touch  at  the  town  on  their  way  to  Edenton  and  Eoanoke  Eiver. 
Portions  of  the  land  of  Perquimans  County  have  been  well  ditched  and 
drained,  and  produce  fine  crops  of  wheat,  com,  oats,  and  tsweet-potatoes. 
A  floating  bridge  just  above  the  landing  gives  access  to  the  large  saw- 
mill which  supplies  the  town  and  neighborhood  and  also  600,000  feet  of 
lumber  for  shipment.  The  timber  is  floated  down  the  river,  which  is 
navigable  for  several  miles  above  the  bridge.  Mr.  Lindsey,  a  citizen  of 
Hertford,  informs  me  that  a  large  amount  of  timber  is  shipped  in  the 
log,  and  that  the  usual  yearly  exports  amount  to  25,000  bushels  of  corn 
and  1,500  bales  of  cotton. 

For  removing  the  logs  and  d6bris  which  has  accumulated  about  them, 
I  should  estimate  the  cost — if  done  at  the  same  time  as  the  work 
required  for  Edenton  Harbor — at  $2,000. 

A  map,  showing  the  position  of  the  logs  and  stumps,  accompanies 
this  report. 

Very  respectfully,  your  obedient  servant, 

S.  T.  Abert, 
United  States  Civil  JEngineer. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U,  8.  A. 


G  14. 

examination  of  pamplico  river,  from  its  mouth  to  the  town 

of  washington,  north  carolina. 

United  States  Engineer  Office, 

Washington,  D,  C,  Decefnher  14, 1875. 

General  :  The  act  of  Congress  approved  March  3,  1875,  provides 
for  the  survey  or  examination  of  Paraplico  River,  North  Carolina,  which 
duty  was  assigned  to  me  by  your  letter  of  March  22, 1875. 
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The  river  has  been  carefully  surveyed  by  officers  of  the  United  States 
Coast  Survey  and  of  the  Corps  of  Engineers.  A  personal  examination 
was  therefore  made  with  a  view  of  determining  what  changes  had  taken 
place,  and  whether  any  modification  of  the  proposed  improvement  was 
required. 

Pamplico  Eiver  lies  in  Beaufort  County,  North  Carolina.  Its  course  is 
southwestwardly,  nearly  straight,  and  it  empties  into  the  southwestern 
end  of  Pamplico  Sound,  about  37  miles  from  Washington,  N.  C.  The 
ordinary  lunar  tides  are  about  12  inches,  but  under  the  influence  of  the 
winds  the  range  may  be  2  or  more  feet. 

An  examination  of  the  river  was  made  under  the  orders  of  Colonel 
Craighill,  and  in  his  report,  dated  December  31, 1872,  an  estimate  was 
submitted  for  removing  the  artificial  obstructions  placed  in  the  river 
■during  the  war,  for  dredging  the  bar  below  the  town,  and  for  the  con- 
struction of  a  dike.  These  obstructions  are  encountered  about  6  miles 
below  the  town  of  Washington,  and  nearly  opposite  Hill's  Point.  They 
consist  of  4  rows  of  piles,  driven  in  pairs,  so  that  the  second  row  is 
about  10  feet  from  the  first,  each  pile  being  driven  so  as  to  divide  the 
space  of  the  preceding  row.  At  an  interval  of  150  yards  the  second 
pairs  are  driven  in  the  same  manner.  These  piles  were  cut  off  at  3  feet 
below  low-water,  and  present  a  formidable  obstruction  to  navigation.  A 
channel,  100  feet  wide,  has  been  opened  through  them,  and  is  marked 
by  buoys. 

This  narrow  pass  is  not  only  dangerous  at  night  and  in  foggy  weather, 
but  offers  a  serious  obstacle  to  vessels  beating  up  the  river  at  any  time. 
The  bar  commences  nearly  opposite  the  lower  wharf.  The  worst  point 
occurs  about  half  a  mile  from  the  wharf.  Five  feet  depth  is  found  here 
at  low-water,  and  under  the  influence  of  the  winds  the  depth  is  much 
less.  On  such  occasions  boats  are  compelled  to  load  below  the  bar. 
From  this  point  the  water  deepens  very  gradually ;  in  fact  the  bar  may 
be  said,  with  short  intervals,  to  extend  7,400  feet,  the  depth  in  this  dis- 
tance ranging  from  6J  to  7  feet,  the  deeper  intervals  being  8  feet.  The 
sudden  expansion  of  the  river,  the  meeting  of  the  tidal  and  fluvial  cur- 
rents, and  a  current  from  a  small  bay  and  creek  on  the  north  side,  com- 
bine to  form  this  bar.  The  expansion  may  be  reduced,  and  the  effect  of 
the  creek  and  bay  neutralized  by  a  dike.  Ko  structure  of  the  sort  was 
recommended  by  Colonel  Craighill,  and  I  have  omitted  it  from  my  esti- 
mate on  account  of  the  following  considerations :  A  short  dike  of  2,100 
feet  in  length,  near  the  northern  shore,  would  but  partially  modify  the 
forces  which  form  the  bar,  and,  on  the  other  hand,  a  long  (7,400)  dike 
near  the  channel  would  transfer  the  bar  lower  down,  and  would  itself 
prove  an  obstruction,  unless  marked  by  a  beacon.  Without  further 
examination  the  position  and  effect  of  a  dike  cannot  be  definitely  deter- 
mined. Its  construction,  therefore,  may  be  deferred  until  the  effect  of 
the  dredging  and  of  the  removal  of  the  obstructions  can  be  observed. 

The  town  of  Washington,  at  the  head  of  navigation  on  the  Pamplico 
River,  has  a  population  of  2,000.  The  steamers  which  ply  between  the 
points  of  the  sound  and  Norfolk  and  Baltimore  cannot  proceed  above 
Washington,  but  a  small  steamer  ascends  as  far  as  Greenville  at  low- 
water,  and  at  high- water  as  far  as  Tarborough,  25  miles  from  WasU- 
ington.  A  branch  railroad  connects  Tarborough  with  the  Wilmington 
and  Weldon  Eailroad. 

Twice  during  the  war  Washington  was  nearly  destroyed  by  fire,  but 
it  is  now  slowly  re<;overing  the  population  and  trade  which  it  had  in 
1861.    A  large  and  flourishing  timber  trade  at  that  time  was  carried  on 
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between  the  town  and  northern  ports,  the  lumber  being  composed  chiefly 
of  pitch-pine. 

Mr.  Elliot  estimated  the  tonnage  at  1,125  tons,  which  he  regarded  as 
less  than  the  actual  amount.  Beaufort  County,  which  is  chiefly  tribu- 
tary to  Washington  and  the  trade  of  the  Pamplico  Kiver,  has  a  popula- 
tion of  13,011.  According  to  the  last  census,  the  value  of  the  farm- 
products  is  $496,161.  The  land-products,  in  bushels,  are  as  follows : 
Wheat,  1,987;  corn,  179,994;  oats,  3,674;  Irish  potatoes,  3,893;  sweet- 
potatoes,  102,625 ;  and  1,987  bales  of  cotton,  3,245  pounds  of  tobacco, 
and  59,206  pounds  of  rice. 

APPROXIMATE  ESTIMATE. 

33,000  cabic  yards  of  dredging,  at  50  cents $16,500  00 

1,500  piles,  at  $6  each 9.000  00 

Contingencies,  10  per  cent 2,550  00 

Total 28,050  00 

This  amount  should  be  granted  in  one  appropriation,  in  order  that  the 
work  may  be  economically  executed, 

A  map,  showing  the  Pamplico  Eiyer  and  the  harbor  of  Washington, 
accompanies  this  report. 

Very  respectfully,  your  obedient  servant, 

8.  T.  Abert, 
United  States  Civil  Engineer. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EngbieerSj  U,  S.  A. 


G  15. 

examination  of  neuse  river  from  its  mouth  to  goldsborough, 

north  carolina. 

United  States  Engineer  Office, 

WasJiington^  D.  6\,  December  14,  1875. 

General  :  A  survey  or  examination  of  Neuse  Eiver,  North  Carolina, 
was  ordered  in  the  act  of  Congress  approved  March  3, 1875.  This  duty 
was  assigned  to  me  by  your  letter  of  March  22, 1875,  in  accordance  with 
which  I  have  now  the  honor  to  submit  the  following  report: 

My  duty  was  simplified  by  existing  reports  of  former  surveys,  and  by 
charts  of  the  river,  prepared  by  the  United  States  Coast  Survey.  The 
report  of  Colonel  Craighill,  dated  December  30, 1871,  (see  Report  of  the 
Chief  of  Engineers,  1872,)  contains  a  specific  estimate  and  a  full  descrip- 
tion of  the  river  and  the  nature  of  the  obstructions.  This  report  covers 
the  navigable  portion  between  Goldsborough  and  the  mouth  of  the  river, 
a  distance  of  137  miles.  Of  the  part  of  the  river  below  New  Berne, 
forming  what  maybe  considered  an  estuary  of  Pamplico  Sound,  a  chart, 
dated  1874,  has  been  published,  which  is  based  on  surveys  made  in  1862 
ander  Prof.  A.  D.  Bache,  and  in  1872  under  Professor  Peirce.  With 
the  ample  information  contained  in  these  reports  and  charts,  a  personal 
examination  was  all  that  seemed  necessary  for  the  performance  of  the 
duty  assigned  to  me. 

Leaving  Norfolk  June  17, 1  proceeded  by  way  of  the  Albemarle  and 
Chesapeake  Canal,  and  through  Carrituck,  Croatau,  and  Pamplico  Sounds, 
to  New  Berne,  by  the  regular  line  of  steamers. 
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GENERAL  DESCRIPTION. 

The  following  general  description  of  the  features  of  the  river  is  based 
on  the  information  then  obtained  and  on  the  sources  already  mentioned. 
The  Neuse  Eiver  rises  in  Person  and  Orange  Counties,  flows  southwest 
through  the  counties  of  Wake,  Johnston,  Wayne,  Lenoir,  Graven,  and 
Pamplico,  and  empties  into  Pampiico  Sound.  It  is  cut  off  from  the  drain- 
age of  the  western  highlands  by  the  Dan  and  Haw  Rivers.  Its  entire 
drainage-area  is  estimated  at  5,000  square  miles,  its  length  325  miles, 
and  its  total  descent  to  tide  340  feet.  At  Goldsborough,  137  miles  from 
the  mouth,  the  elevation  of  the  land  is  102  feet  above  mean  tide.  The 
descent  to  New  Berne,  97^  miles,  is  not  known,  but  must  be  small.  Be- 
tween its  source  and  Goldsborough,  it  has  cut  its  way  through  Laurentian, 
Huronian,  Triassic,  and  Cretaceous  strata ;  from  thence  its  course  is 
through  Cretaceous,  Miocene,  Eocene,  and  Quaternary  formations. 

At  Broadway  Landing,  near  Fort  Barnwell,  Huronic  slate  and  shell 
conglomerate  appear  near  the  water-surface.  About  30  miles  above 
Kew  Berne  is  found  a  valuable  kind  of  stone  marl  which  underlies 
that  city  and  the  adjacent  country,  in  some  localities  showing  itself  at 
the  surface,  at  others  sinking  40  or  50  feet  below  it.  This  marl  is  gen- 
erally bluish  in  color,  and  consists  of  shells  so  strongly  cemented  with 
silica  that  small  millstones  have  been  made  of  it.  When  removed 
from  the  quarries  it  is  usually  so  plastic  that  it  can  be  readily  cut  in  any 
shape  or  size  for  building-stones,  which  subsequently  harden  under 
exposure.  It  is  used  about  Kew  Berne  for  building  purposes,  and  good 
specimens  may  be  seen  in  the  coping  of  the  wall  around  the  cemetery. 
From  the  above  description,  it  is  evident  that  this  marl  possesses 
remarkable  qualities  as  a  building-material,  and  that  its  general  use  is 
limited  only  by  the  extent  of  its  outcrop.  Another  variety  of  the  marl 
is  of  a  buff  color. 

The  soil  is  sandy,  and  inferior  in  productiveness  to  the  Hyde  County 
land. 

Between  Goldsborough  and  iN'ew  Berne  the  height  of  the  banks  varies 
from  3  to  20  feet;  in  fact, below  Contentnea  Creek  the  banks  and 
adjacent  bottoms  are  but  a  few  inches  above  low-water.  The  floods, 
which  reach  an  altitude  of  12  feet,  cover  a  wide  area,  and  leave  behind 
them  sloughs  which  mark  former  cut-offs,  or  the  old  bed  of  the  stream. 
The  river  is  very  tortuous,  cut-offs  are  formed,  and  the  resulting  bends 
offer  serious  obstructions  to  navigation.  Before  any  plan  can  be  pro- 
posed for  their  correction,  a  more  careful  survey  will  be  required.  The 
bridge  of  the  Atlantic  and  North  Carolina  Railroad  (connecting  Golds- 
borough, New  Berne,  and  Beaufort)  crosses  the  Neuse  about  3  miles 
below  Kinston.  As  this  bridge  is  but  17  feet  above  low- water,  it  is 
impassable  by  steamboats,  and  the  span  is  so  narrow  that  it  can  be 
passed  only  with  difficulty  by  rafts  and  barges.  The  condition  of  the 
river  and  the  works  constructed  by  State  authority  in  1836  and  1837 
are  described  in  the  report  submitted  by  Colonel  Craighill.  The  wing- 
dams  are  said  to  be  in  good  condition,  but  the  coffer-dam  and  foun- 
dation of  an  unfinished  lock  at  the  mouth  of  Contentnea  Creek  obstruct 
the  navigation.  Between  Goldsborough  and  Contentnea  a  large  num- 
ber of  snags,  logs,  and  leaning  trees  make  the  navigation  difficult, 
but  the  most  formidable  obstructions  consist  of  cribs  filled  with  stone, 
sunken  vessels,  and  piles,  which  were  placed  in  the  channel  during  the 
war.  As  the  removal  of  these  obstructions  will  tend  to  modify  the  form 
of  the  channel  and  bars,  it  would  not  be  advisable  to  attempt  any  other 
kind  of  improvement  until  these  changes  have  taken  place.    The  pres- 
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ent  low- water  depth  above  Klnston  is  about  3  feet,  and  4  feet  water  (or 
5)  can  be  carried  to  Kew  Berne  at  the  same  stage.  The  railroad-bridge 
makes  the  landing  near  Kiiiston  the  head  of  navigation,  bat,  with  a 
draw  in  the  bridge,  steamboats  at  average  stages  of  the  river  can  reach 
Goldsborough.  A  small  steamboat,  drawing  about  18  inches  of  water, 
now  plies  on  the  river  above  New  Berne. 


TRADE  STATISTICS. 

The  statistics  of  trade  are  given  on  pages  737  and  741  of  the  report 
already  referred  to,  but  the  following  additional  and  later  statement  has 
been  furnished  to  me  by  Mr.  J.  J.  Koberson : 

Cotton 25,000  bales. 

Shingles 10,000,000 

Oak  staves 200,000 

Naval  stores 50,000  pounds. 

Lumber 10,000,000  feet. 

€orn 800,000  bushels. 

Eggs 5,000  barrels. 

Potatoes,  (sweet  and  Irish) 60,000  bushels. 

Fish 10,000  barrels. 

Oysters  and  clams 15,000  barrels. 

Vegetables 5,000  barrels. 

Hides 60,000  pounds. 

Besides  a  large  quantity  of  furs,  bees'-wax,  tallow,  train-oil,  wheat,  field-peas,  ground- 
peas,  (pea-nuts,)  railroad-ties,  light  wood  for  manufacturing  pine-oil,  watermelons,  ap- 
ples, and  various  other  fruit.  Several  cargoes  of  sngar-shooks  and  heading  for  the 
Cuban  market  were  also  shipped. 

During  a  greater  part  of  the  year  there  were  6  steamers  plying  between  this  and 
the  ports  of  New  York,  Norfolk,  and  Baltimore,  besides  one  small  steamer  from  this 
port  to  Kinston,  on  the  Neuse. 

With  regard  to  the  value  of  importations  at  this  port  during  the  past  year,  I  am  at 
present  unable  to  give  any  information,  but  would  judge  that  they  would  amount  to 
At  least  $2/)00,000  for  the  year. 

The  distances  to  prominent  points  from  Goldsborough  to  Kew  Berne, 
and  the  general  natare  of  the  obstructions,  are  given  in  the  following 
table : 


Location. 


Goldsborongh. 
Whitehfdl  .... 
Let-alones  . . . . 
Kinston 


KaUroad  bridge , 


Southwest  Blockade  . 
Con teutnea  Creek ... , 
Pitch-Kettle  Shoal*.. 
Ho^'Island  Blockade. 
2(ew  Berne 


1, 

t 

^1 

»E 

'S 

il 

a 

1 

a 

H 

& 

f 

MiUt. 

Miles. 

Feet 
80 
75 

22 

22 

4 

36 

215 

20  4-5 

46  4-5 

3 

49  4-5 

280 

51-5 

54 

250 

12 

66 

300 

10  3-5 

76  3-5 

18 

94  3-5 

2,240 

3 

97  3-5 

5,380 

Remarks. 


Population,  1,500. 

Sharp  bend ;  unstable  regimen. 

Benffs ;  natural  cut-offs ;  unstable. 

Near  head  of  navigation  by  steamboats ;  popula- 
tion, 1,000. 

No  draw;  17.6  feet  span,  and  17  feet  above  low- 
water. 

Cribs  filled  with  stones. 

Coffer-dam  of  old  lock. 

State  improvement ;  wing-dams ;  1856-'57. 

Sunken  cribs  and  schooner. 

Population,  3,000. 


*  Also  called  Bachelor  Creek. 


PROPOSED  IMPEOVEMENT  AND  ESTIMATE  OP  COST. 


I  ha^e  thought  it  advisable,  while  adopting  the  plan  submitted  by 
<3olonel  Craighill,  to  consider  the  improvement  of  the  river  as  separated 
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into  two  divisions,  and  to  present  a  separate  estimate  for  each.    The 
aggregate  cost  remains  unaltered. 

The  upper  division,  from  Goldsborongh  to  "New  Berne,  a  distance  of 
97  miles,  is  flavial,  except  for  a  short  distance  near  the  lower  end.  The 
second  division,  extending  from  New  Berne  to  Pamplico  Sonnd,  a  dis- 
tance of  40  miles,  is  tidal  and  flavial,  having  a  lunar  tide  of  from  4  to  S 
inches,  and  ranging,  under  the  influence  of  the  wind,  from  1  to  5  feet. 
In  the  upper  division,  the  navigation  is  confined  to  barges  and  light- 
draught  steamers ;  the  lower  division  affords  a  commodious  channel  for 
any  vessels  able  to  pass  the  bar  of  Ocracoke  Inlet,  which  has  a  low- 
water  depth  of  9  feet,  according  to  report. 

In  both  divisions  the  character  of  the  proposed  improvement  is  nearly 
the  same,  being  confined  for  the  most  part  to  the  removal  of  natural 
and  artificial  obstructions  of  snags,  trees,  cribs,  and  sunken  vessels. 
The  improvement  of  the  two  divisions  can  be  executed  contemporane- 
ously or  successively,  as  Congress  may  direct. 

ESTIMATE  OP  DIVISION  L 

Special  obstructions  rcqairing  removal,  snags,  loj|>s,  leaning  trees,  partial 

regulation  of  cut-offs $35,000  00 

Southwest  Blockade,  7  miles  below  Kinston,  5  cribs  filled  with  stone 465  00 

Piles  of  old  bridge  and  coffer-dam  at  Contentnea  Creek 1,200  00 

Ho^  Island,  or  Bachelor  Creek  Blockade.  There  are  3  channels  at  this 
point  of  the  river,  all  of  which  are  blockaded  by  barges,  cribs  filled  with 
stone,  and  sunken  schooners.  The  channels  are  named  as  follows,  com- 
menciog  at  the  southwest  side  of  the  river:  Bachelor  Creek  Channel, 
Main  Channel,  between  Hog's  Island  and  Green  Island,  and  the  Singfield 
Channel.  The  Main  Channel  only  requires  improvement  at  the  present 
time.  For  a  minute  description  of  these  obstructions,  I  would  refer  to 
page  737  of  Report  of  Cliief  uf  Engineers,  1872.  Cost  of  removing  ob- 
structions in  Main  Channel •  900  00 

37,565  00 
Contingencies,  15  percent 5,634  00 

Total 43,199  00 

SECOND  DIVISION. 

Prom  New  Berne  to  tbe  mouth  of  the  river  the  distance  is  40  miles. 
The  Trent  Eiver  enters  on  the  south  side  of  the  city,  having  a  width  of 
1,000  feet  'y  on  the  east  side  the  river  is  about  1  mile  wide ;  at  the  ob- 
stuctions  the  width  is  1  mile^  at  the  month,  in  Pamplico  Sonnd,  it  is  5} 
miles.  Only  2  obstructions  are  found  in  this  division ;  one,  a  small  bar 
which  may  be  easily  avoided :  the  other,  consisting  chiefly  of  sunken 
vessels,  about  3  miles  below  tne  city  and  opposite  Old  Fort  Point.  A 
minute  description  of  the  obstructions  will  be  found  on  page  738  of 
Chief  of  Engineer's  Report  of  1872.  A  channel,  marked  by  the  mast  of 
a  sunken  vessel,  has  been  opened,  but  in  foggy  and  dark  weather  sail- 
ing-vessels get  lodged  on  one  of  the  sunken  hulls.  By  removing  one 
brig  and  one  or  two  schooners,  and  some  of  the  "  Yankee-catchers,'^ 
a  channel  1,000  feet  wide  and  10  feet  deep  can  be  obtained.  Five  of 
the  sunken  vessels  will  still  be  left,  and,  to  prevent  danger,  it  will  be 
necessary  to  mark  the  channel-end  with  a  beacon.  The  accompanying 
sketch,  showing  a  mast  supported  by  brace-piles  and  bolted  and  branded 
with  iron,  will  answer  for  the  purpose  of  definitely  marking  the  dan- 
gerous part  of  the  channel. 
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ESTIMATE  OP  DIVISION  II. 

Fort  Point  Blockade $5,600  00 

RemoviDg  Yankoe-catcber 100  00 

Beacon  at  blockade 1,000  00 

*  6,700  00 

Contingencies,  15  per  cent 1,005  00 

Total 7,705  00 

A^Kf^^g&te  estimate  of  tbe  cost  of  tbe  two  divisions : 

DiYisionl $43,199  00 

Division  II 7,705  00 

Total  cost 50,904  00 

or  an  aggregate  of  $51,000. 

Three  tracings  accompaDj  this  report,  showing  the  general  course  of 
the  river  to  New  Berne,  the  blockades,  and  the  lower  river. 
Very  respectfully,  your  obedient  servant, 

S.  T.  Abert, 
United  States  Civil  Engineer. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


G    i6. 

examination  of  catawba  river,  from  south  carolina  line  to 

old  fort,  north  carolina. 

United  States  Engineer  Office, 

WashingUmj  2>.  (7.,  Deeember  23, 1875. 

General  :  In  the  act  of  appropriation  approved  March  3, 1875,  pro- 
Tision  is  made  for  an  examination  or  survey  of  Oatawba  Biver,  from 
South  Carolina  line  to  Old  Fort,  N.  0.  This  duty  was  assigned  to  me 
by  your  letter  of  March  22,  1875,  and  I  have  now  the  honor  to  report 
the  result  of  a  personal  examination  made  in  September,  1875. 

Proceeding  by  way  of  Lynchburg  and  Danville  to  Salisbury,  H".  C, 
I  took  the  Western  North  Carolina  Bailroad,  which  follows  the  valley 
of  the  Catawba  to  Old  Fort,  its  present  terminus.  This  road  has  been 
^aded  beyond  that  point  and  along  the  valley  of  the  French  Broad,  as 
far  as  the  East  Tennessee  and  Virginia  Bailroad ;  the  viaducts  and  tun- 
nels were  nearly  completed  when  the  work  was  suspended  for  want  of 
funds.-  This  portion  of  the  road  (west  of  Old  Fort)  passes  through  a 
region  which  is  regarded  as  the  most  salubrious  and  picturesque  in  the 
States  east  of  the  Mississippi.  When  the  graded  portion  of  the  road  is 
completed,  New  Orleans  will  be  connected  by  rail  with  Beaufort,  N.  C.^ 
and  several  important  through  lines. 

GENERAL  DESCRIPTION. 

The  sources  of  the  Catawba  River  are  to  be  found  along  the  foot  of 
the  Blue  Bidge,  in  McDowell  County,  North  Carolina.  One  of  its  little 
tributaries  rises  at  the  base  of  Mount  Mitchell,  which  dominates  the  sub- 
jacent valley  from  an  altitude  of  6,582  feet.  The  river  descends  to  the 
level  of  1,300  feet  above  tide  by  a  series  of  beautiful  cascades,  and  flows 
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thence  through  the  counties  of  McDowell  and  Burke,  and  forms  the 
boundary-line  of  seven  others,  viz,  Caldwell,  Alexander,  Iredell,  and 
Mecklenburgh,  lying  north  or  east  of  it,  and  Catawba,  Lincoln,  and 
Gaston,  to  the  south  or  west  After  passing  the  State  line  the  Catawba 
becomes  the  Wateree,  then  the  Santee,  and  terminates  its  tortuous 
course  in  the  Atlantic  between  Georgetown  and  Charleston,  S.  C. 

The  present  report  is  limited  by  the  act  of  appropriation  to  the  part 
of  the  river  lying  between  Old  Fort  and  the  South  Carolina  line. 

At  Old  Fort  the  river  has  reached  the  base  of  the  so-called  Piedmont 
region,  at  an  altitude  of  1,274  feet  above  mean  tide.  From  thence  its 
course  is  north  of  west  to  the  great  bend  between  Morganton  and  States- 
ville,  where,  75  miles  east  of  Old  Fort,  it  turns  southward,  and  continues 
its  course  to  the  State  line,  a  distance  of  75  miles  farther,  or  145  miles 
in  all. 

From  Old  Fort  to  the  great  bend  the  fall,  according  to  Professor 
Kerr,  is  a  little  over  500  feet,  and  from  there  to  the  State  line  300  feet, 
or  a  total  of  800  feet.  According  to  the  levels  of  Hamilton  Fulton,  the 
difference  of  elevation  between  Old  Fort  and  the  State  line  is  789  feet. 

Besides  the  great  bend  already  mentioned,  another  and  smaller  bend 
occurs  between  Bozzel's  Ferry  and  Abernethy's  Island.  This  bend  has 
the  shape  of  the  letter  A,  and  is  7^  miles  around  and  1^  across. 
Throughout  the  bend  the  river  is  characterized  by  deep  natural  pools 
or  reaches,  extending  along  the  convex  sides  of  the  bends.  The  greatest 
low- water  depth  occurs  at  these  places,  and  is  18  feet  at  Tuckasegee 
Shoals.  Fulton's  profile  represents  the  depth  of  water  on  the  shoals 
and  bar  as  greater  than  might  be  expected,  on  account  of  the  large 
average  fall  per  mile.  Four  of  these  shoals  have  but  6  inches  of  depth 
at  low- water,  several  not  more  than  3.  The  greatest  descent  is  at  Look- 
out Shoal,  where  the  fall  is  3.51  feet  in  111  feet,  or  at  the  rate  of  167 
feet  per  mile.  At  other  points  the  rate  per  mile  is  82  feet,  78  feet,  64 
feet ;  two  rapids  have  40  feet  each,  others  have  34  feet,  33  feet,  and  two 
have  30  feet ;  the  rest  vary  from  6  to  26  feet  per  mile. 

Hamilton  Fulton,  an  intelligent  engineer,  made,  in  1824,  under  the 
authority  of  the  State  of  Korth  Carolina,  a  survey  from  Moore's  Shoals, 
10  miles  below  Morgantown,  to  the  State  line.  Unfortunately  Mr.  Ful- 
ton's report  is  not  to  be  found  in  the  archives  of  the  capitol  at  Baleigh. 
A  portion  of  his  map  and  profile  are,  however,  extant,  and  to  these 
data  I  am  indebted  for  the  material  which  has  been  condensed  in  the 
following  tabular  statement.  Mr.  Fulton's  map — so  much  of  it  as  can 
now  be  found — extends  from  Sherrill's  Ford  to  the  State  line,  a  distance 
of  48^  miles ;  the  profile  extends  from  Moore's  Shoal  to  the  State  line, 
3,  distance  of  92^  miles.  Following  the  order  of  the  columns,  the  infor- 
mation is  condensed  under  the  heads  of  ^'  Names  of  localities  at  time  of 
survey;"  "  Distance  from  Moore's  Shoals;"  ^*  Length  of  each  shoal  or 
reach;"  ''Difference  of  level  referred  to  Moore's  Shoals;"  Huder  the 
head  of  "  Descent  of  the  river  "  are  given  the  total  fall  and  average  fall 
per  mile  of  each  pool  and  shoal,  and  the  maximum  fall  in  the  shortest 
distance  observed,  and  the  corresponding  rate  per  mile ;  the  next  col- 
umn gives  the  ranges  of  low-water  depths  between  named  points ;  the 
tenth  column  gives  the  height  above  mean  tide,  computed  from  railroad 
surveys;  and  under  the  column  of  *' Remarks "  are  stated  the  dimen- 
sions of  the  mill-wbeels  existing  at  time  of  the  survey.  The  names 
belong  to  the  period  of  survey,  (about  1824.) 
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Before  making  any  comments  on  the  natural  features  mentioned  in 
the  foregoing  table,  the  description  of  the  physical  character  of  the  river 
will,  as  far  as  my  information  extends,  be  completed  by  the  following 
statement  of  the  geological  formations  through  which  it  has  cut  its  way. 

GEOLOaY. 

From  its  source  to  the  southern  boundary  of  the  State,  the  river 
flows  through  the  Upper  and  Lower  Lawrentian  rocks,  affording  good 
buildiug  stone  of  gneiss  and  granite.  East  of  the  Catawba,  and  near 
Salisbury,  a  fine  white  granite  is  found,  which  has  been  employed  in 
building  the  United  States  post-office  at  Ealeigh ;  but  its  whiteness  has 
been  tarnished  and  its  value  as  a  building  stone  has  been  impaired  by 
iron-stains,  which  appear  on  the  surface  of  the  stone  after  exposure  to 
the  atmosphere. 

The  characteristic  rocks  of  the  Lawrentian  series  are  trachyte,  por- 
phyry, syenite,  greenstone,  and  granite,  mica  being  absent  in  a  marked 
degree.  The  Huronian  formation  intersects  the  Catawba  in  the  great 
bend,  where  the  strata  have  a  width  of  irom  4  to  5  miles.  Its  charac- 
teristic rocks  are  quartzite,  mica-chist,  and  clay-slates.  Its  trend  is 
southwest,  broadening  toward  the  south,  and  it  is  further  character- 
ized by  workable  deposits  of  specular  and  magnetic  iron-ore  and  limon- 
ite.  In  Gaston,  Lincoln,  and  Catawba  Counties  the  iron  belt  is  found 
in  two  beds,  the  thickness  varying  from  2  to  12  feet.  The  ore  gene- 
rally occurs  in  lenticular  masses,  in  beds,  at  intervals  of  1  to  2  miles  along 
the  outcrop,  and  has  been  reduced  at  the  furnaces  to  a  good  quality  of 
charcoal-iron. 

Parallel  to  this  bed  is  another,  which  is  heavy,  black,  and  magnetic, 
and  produces  a  very  tough,  malleable  iron.  According  to  Professor 
Kerr's  statement,  several  thousand  tons  of  this  ore  were  mined  during  the 
war,  and  '^  all  the  blooms  which  could  be  procured  at  the  naval  works 
in  Charlotte  were  used  (by  the  confederate  government)  for  the  manu- 
facture of  shafts  of  iron-clads  and  bolts  for  the  cannon  of  the  coast- 
forts." 

TRADE  AND  STATISTICS. 

The  natural  obstructions  of  the  river  between  Old  Fort  and  the  State 
line  are  so  formidable,  that  it  cannot  be  navigated  in  its  present  unim- 
proved condition.  Its  trade  is  consequently  nothing,  and  any  future 
trade  which  is  contingent  on  its  improvement  must  be  confined  to  tim- 
ber, iron-ore,  and  agricultural  products. 

On  its  head- waters  are  found* fine  forests  of  oak,  white  and  black  wal- 
nut, chestnut,  and  locust,  and  the  mountain-tops  are  covered  in  the 
proper  season  with  the  bloom  of  the  different-colored  rhododendrons  and 
the  fruit  of  the  wild  gooseberry.  Although  the  beauty  of  the  region  has 
attracted  tourists  and  artists,  its  inaccessibility  has  restricted  the  use 
of  its  timber,  and  only  a  small  portion  of  the  timber-land  can  be  influ- 
enced by  the  improvement  of  the  river.  ^ 

The  followii\g  table,  compiled  irom  the  last  census-report,  will  give 
the  amount  of  the  agricultural  product  of  the  contiguous  counties,  por- 
tions of  which  will  be  affected  by  the  improvement : 
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Before  dismissing  the  subject  of  trade,  it  seems  proper  to  mention  in 
this  place  that  the  Catawba  affords  many  sites  which  command  an 
ample  power  for  manufactaring  purposes.  I  am  anable  to  state  tlie 
number  of  large  mills  in  actual  operation,  but  not  less  than  six  are 
scattered  along  its  course.  The  effect  on  the  milling  operations  of  the 
inti'odnction  of  locks  and  dams  should  be  considered.  Although  the 
available  water-x)ower  will  be  increased  by  the  dams,  it  is  uncertain 
whether  the  mill-owners  will  be  disposed  to  incur  the  expense  necessary 
for  its  utilization,  which  must  be  at  the  sacrifice  of  existing  mill-sites. 
At  the  present  time  the  milling  interest  seems  to  exceed  the  interest 
which  demands  the  improvement  of  the  river,  and  before  the  question 
is  finally  determined  the  wishes  of  the  mill-owners  should  receive  proper 
consideration.  In  regard  to  the  trade  which  may  be  developed  by  the 
river,  it  is  difficult  to  speak  with  certainty,  depending,  as  it  does,  on  the 
increase  of  population,  audthe  investment  of  capital  in  farming,  lumber 
business,  and  the  manufacture  of  iron.  For  the  latter  object  the  banks 
of  the  Catawba  are  well  fitted  in  every  respect  except  that  of  distance  to 
market. 

The  utility  of  the  improvement  of  the  river  will  also  be  influenced  by 
the  railroads  which  intersect  and  follow  its  course.  The  road  from  Old 
Fort,  and  the  road  from  Charlotte,  N.  C,  meet  at  Statesville  nearly  at  a 
right  angle ;  south  and  west  of  the  lines  forming  this  angle  the  river 
takes  its  course,  sometimes  intersecting  the  road,  and  never  more  than 
10  miles  distant  from  it. 

The  value  of  a  river-improvement  in  such  proximity  to  a  railroad  con- 
sists chiefly  in  the  effect  of  competition  to  keep  down  the  tariff  on 
freights  and  in  the  superior  advantages  of  water-transportation  for 
heavy  material. 

IMPBOVEMENT. 

The  question  of  improvement  requires  for  its  solution  a  somewhat  dif- 
ferent statement  of  the  facts  above  given.  These  facts  enable  me  to 
determine  the  kind  of  improvement  which  is  adapted  to  the  peculiar 
character  of  the  river,  and,  approximately,  the  number  and  height  of 
the  dams  and  the  lift  of  the  locks ;  but  the  actual  cost  and  the  best 
I>osition  for  these  structures  can  only  be  determined  with  precision  after 
a  careful  survey. 

The  Catawba  Biver  at  Old  Fort  is  1,274  feet  above  tide ;  at  the  State 
line  it  is  about  485  feet :  the  difference  of  level  is  789  feet. 

But,  in  order  to  divide  the  river  in  portions  corresponding  with  the 
remnants  of  Mr.  Fulton's  profile,  I  have  taken  Moore's  Shoals,  about  ten 
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miles  below  Morganton,  as  the  head  of  navigation,  and  this  point 
seems  to  be  a  proper  limit  becaase  of  the  more  rapid  fall  between  it  and 
Old  Fort. 

From  Old  Fort  to  Moore's  Shoals  the  distance  is  forty-four  miles  by 
the  line  of  the  railroad,  and  the  descent  is  366  feet.  Assuming  that  the 
distance,  following  the  meanderings  of  the  river,  is  one-third  greater, 
then  the  distance  from  Old  Fort  to  Moore's  Shoals  is  59  miles,  and  the 
average  fall  per  mile  will  be  about  6.1  feet.  From  Moore's  Shoals  to  the 
State  line  the  distance  is  92.89  miles  and  the  fall  423.5  feet,  giving  an 
average  rate  per  mile  of  4.86  feet. 

The  removal  of  rocks  and  sand-bars,  and  the  employment  of  lateral 
dams,  would  have  the  effect  only  of  improving  small  sections  of  the 
river,  but  would  add  nothing  toward  establishing  a  continuous  low- 
water  navigation.  It  is  doubtful  whether  it  would  have  any  appreciable 
effect  at  ordinary  stages,  or  even  at  high-water.  The  question  can  be 
determined  only  by  a  survey. 

The  average  descent  per  mile  masks  the  real  difficulty  in  the  way  of 
improvement.  This  difficulty  consists  in  the  concentration  of  the  fall 
at  special  localities  and  in  short  distances,  instead  of  being  equally  dis- 
tributed over  the  intervening  reaches.  The  amount  of  descent  at 
special  localities,  which  is  but  partially  indicated  in  the  average  fall  per 
mile,  must  determine  the  nature  of  the  improvement  to  be  applied ;  that 
is,  whether  lateral  dams,  removal  of  rock,  dredging,  and  all  those  means 
which  are  included  under  the  term  ^^  improving  the  natural  channel," 
can  be  applied,  or  whether  locks  and  dams  are  best  fitted  to  overcome 
the  obstructions  to  navigation. 

As  a  general  rule,  streams  which  exceed  the  average  rate  of  4  feet 
per  mile  have  reached  the  limit  of  descent  to  which  the  lock-and-dam 
system  of  improvement  can  be  economically  applied.  The  cost  of  im- 
proving such  rivers  becomes  so  great,  that  the  trade  will  seldom  justify 
the  expenditure. 

There  are  a  few  instances  of  rivers  having  an  average  descent  of  8 
inches  per  mile  which  can  be  improved  by  means  of  lateral  dams. 

Applying  these  two  rules  to  the  Catawba,  the  natural  inference  is 
that  its  improvement  is  impracticable  by  lateral  dams,  and  will  be  very 
costly  if  locks  and  dams  are  used. 

To  enable  Congress  to  form  an  idea  of  the  approximate  cost  of  mak- 
ing a  continuous  navigation  of  3  feet  water,  at  ordinary  stages  of  the 
river,  from  Old  Fort  to  the  State  line,  I  have  subjoined  a  statement  of 
the  number  of  the  dams  and  lift  of  the  locks  required  for  this  purpose. 
1  have  also  given  the  approximate  cost  as  far  as  the  width  of  the  river 
was  known. 
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This  will  make  the  cost  of  the  improvement  of  the  river  firom  Sherrill's 
Ford  to  the  State  line,  $1,346,900.  Assuming  an  average  width  for  the 
river  above  SherrilPs  Ford,  the  cost  of  the  improvement  between  Old 
Fort  and  the  State  line  will  probably  exceed  $2,000,000. 

The  scheme  in  the  foregoing  statement  snpposes  that  70  feet  of  fall . 
can  be  overcome  by  the  amplitude  of  the  ramoui  of  the  dams,  together 
with  a  small  amount  of  dredging.  The  calculations  are  based  on  the 
employment  of  crib-dams,  filled  with  stone,  and  on  locks  having  nearly 
the  same  dimensions  as  the  Erie  and  Dismal  Swamp  Canals,  viz,  90  by 
18  feet  in  the  chamber. 

CONCLUSIONS. 

The  following  general  conclusions  are  based  on  the  data  above  given, 
and  upon  my  personal  examination: 

1st.  The  Catawba  Eiver  cannot  be  improved  by  means  of  lateral  dams 
and  such  other  operations  in  the  bed  of  the  stream  as  are  included  under 
the  term  <<  improvement  of  natural  channel,"  so  as  to  afford  a  continuous 
low-water  navigation  from  Old  Fort  to  the  State  line. 

2d.  A  survey  will  be  necessary  in  order  to  determine  whether,  by 
neans  of  the  last-named  method,  the  river  can  be  adapted  at  mean 
stages,  or  even  at  high-water,  to  a  down-stream  navigation  for  rafts  and 
Ibarges. 

3d.  The  examination  for  this  object  should  extend  over  an  entire  year, 
&nd  should  include  the  establishment  and  daily  observation  of  gauges. 

4th.  An  instrumental  examination  will  be  necessary  to  determine  the 
cost  of  a  slackwater  navigation. 

5th.  Slackwater  navigation  will  destroy  the  present  mill-sites,  but 
vill  increase  the  available  water-i>ower. 

6th.  The  resources  of  trade  are  undeveloped.    The  future  trade  is  de- 
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pendent  on  the  increase  of  the  agricaltnral  products,  on  the  investment 
of  capital  in  iron  manufactnre,  and  on  better  access  to  the  timber-lands ; 
and  all  these  will  depend  on  the  increase  of  the  popolation.    i.^.   ^^ 

7th.  The  importance  of  continning  the  improvement  throngh  South 
Carolina  to  the  mouth  of  the  river,  on  the  Atlantic  coast,  should  be  con- 
sidered. 

8th.  A  survey  organized  in  the  manner  described  in  my  report  on 
"Sew  River,  dated  February  7,  1875,  will  cost  $5,500. 

A  tracing  of  the  river  from  Sherrill's  Ford  to  the  South  Carolina  line, 
(48^  miles,)  and  a  profile  from  Moore's  Shoals  to  the  same  point,  (92f 
miles,)  accompany  this  rei)ort. 

Very  respectfully,  your  obedient  servant, 

S.  T.  Abebt, 
United  States  Civil  Engineer. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  8.  A, 


G  17, 

survey  of  a  line  to  connect  the  waters  of  the  neuse  and  cape 
fear  rivers,  in  north  carolina,  and  of  a  line  to  connect  the 
waters  of  norfolk  harbor,  in  virginia,  with  the  waters  of 
the  cape  fear  river,  at  or  near  wilmington,  n.  c. 

United  States  Engineer-Office, 
Washington^  D.  0.,  February  21,  1876. 

General  :  The  act  of  Congress  approved  March  3, 1875,  contains  a 
provision  for  an  examination  and  survey  of  two  lines,  which  are  de- 
scribed as  follows,  viz : 

> 

Of  a  line  between  theNease  and  Cape  Fear  Rivers,  in  North  Carolina,  with  a  view- 
to  connect  the  waters  of  the  same ;  and  a  like  line,  with  a  view  to  connect  the  waters 
of  Norfolk  Harbor,  in  Virginia,  with  the  waters  of  the  Cape  Fear  River,  at  or  near 
Wilmington,  N.  C. 

This  duty  having  been  assigned  to  me  by  your  letter  bearing  date 
March  22, 1875,  I  have  now  the  honor  to  submit  the  following  report. 

It  was  necessary  to  place  a  party  in  the  field  during  the  heat  of  sum- 
mer, in  order  to  be  able  to  report  by  the  meeting  of  Congress,  but  as 
exhaustive  surveys  of  all  the  possible  routes  could  not  be  made  during 
the  intervening  time,  I  was  compelled  to  limit  my  attention  to  those 
routes  which  appeared  to  be  most  feasible. 

The  act  specifies,  generally,  two  lines.  The  first,  designated  as  ^'  a 
line  between  the  Neuse  and  (Jape  Fear  Rivers,'"'  was  surveyed  by  Colone' 
Kearney  in  1837,  but,  as  his  report  could  not  be  found  at  the  time  o^ 
organizing  my  party,  it  was  thought  proper  to  resurvey  it.  After  th€ 
conclusion  of  the  survey,  the  report  was  found.  The  Kearney  rout^ 
commences  at  Bannerman's  Bridge,  near  the  navigable  channel  of  the 
northeast  branch  of  the  Cape  Fear  River,  and,  passing  near  OusloM 
Court- House,  terminates  on  the  navigable  channel  of  Slocum's  Creek 
3J  miles  from  the  Neuse  River. 

The  second  route,  designated  in  the  act  as  a  line '^  to  connect  thi 
"waters  of  Norfolk  Harbor,  in  Virginia,  with  the  waters  of  the  Ca^w 
Fear  River,  at  or  near  Wilmington,  N.  C.,''  I  propose  to  call  the  "coa^ 
line  or  route."    It  follows  the  route  of  the  Albermarle  and  Chesapeake 
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Canal  and  the  sonnds  of  Currituck,  Albemarle,  Croatan,  and  Pamplieo, 
which  afford  a  navigable  channel  for  more  than  one-half  the  distance. 
With  the  exception  of  Pamplieo  and  Currituck  Sounds,  and  portions  of 
North  Landing  and  North  Rivers,  good  charts  have  been  prepared  by 
the  United  States  Coast  Survey. 

Between  Beaufort  Harbor  and  Wilmington,  however,  no  hydrogi'aphic 
examination  has  ever  been  made  of  the  intervening  sounds.  I  therefore 
directed  a  hydrographic  reconnaissance)  of  this  part  of  the  coast,  in 
order  to  determine  the  feasibility  of  a  canal  or  open  cut  as  far  as  Wil- 
mington, N.  C.  An  examination  of  the  part  of  the  line  or  lines  between 
Norfolk  and  Albemarle  Sound  did  not  seem  to  be  necessary  at  this 
time,  and  for  the  following  reasons:  1st.  A  report  on  the  condition  and 
cost  of  improving  the  Dismal  Swamp  Canal,  tbe  natural  rival  of  the 
Albemarle  and  Chesapeake  Canal,  may  be  found  in  the  report  of  Colonel 
Craighill,  dated  April  30, 1872.  2d.  The  Albemarle  and  Chesapeake 
Canal,  although  not  entirely  free  from  obstructions  at  low  stages  of 
water,  yet  affords  good  navigation  for  vessels  of  6^  feet  draught.  The 
portions  of  this  route  which  lie  in  North  Landing  River  and  Currituck 
Sound  require  special  improvement.  The  flat  in  the  river  and  sound 
require  dredging,  and  the  channel  through  Currituck  Sound  should  be 
supplied  lights,  to  enable  the  steamers  to  pass  safely  at  night. 

The  large  amount  of  trade  which  passes  through  this  canal  would 
justify  the  expenditure  of  the  sum  required  for  lighting  and  dredging, 
even  if  no  further  appropriation  were  made  for  prolonging  the  route. 
The  two  great  sounds  of  North  Carolina,  with  their  tributaries,  making 
1,800  miles  of  inland  navigation,  are  brought  into  communication  with 
Norfolk  by  means  of  this  canal.* 

The  two  lines  designated  in  the  act  have  the  same  object,  and  are 
parts  of  a  general  scheme  for  making  an  inland  channel  between  Nor- 
folk and  Florida,  except  between  the  Nense  River  and  the  Cape  Fear, 
and  between  the  Cape  Fear  and  Waccamaw  Rivers,  ^56^  miles,)  and 
between  Winyah  Bay  and  Great  Peedee  River,  (45  miles,)  nature  has 
already  established  a  navigable  channel.  These  breaks  in  the  line  are 
the  only  obstacles  to  a  continuous  navigation  between  Florida  and  the 
Northern  Lakes.  The  commercial  advantages  of  such  a  communication 
are  undoubtedly  great,  and  must  grow  in  importance  with  the  growth  of 
the  country;  but  as  a  defensive  measure  and  a  means  of  transporting 
troops,  provisions,  and  all  the  materials  of  war,  the  advantages  of  such 
communication  cannot  be  overestimated.  The  natural  dangers  of  the 
coast  would  protect  the  greater  part  of  the  line  from  attack,  and  such 
points  as  are  accessible  from  the  sea  could  be  protected  by  special  forti- 
flcations. 

It  is  not  surprising,  then,  that  this  project  should  have  received  the 
early  consideration  of  Oovernment.  It  was  prominent  among  the  pro- 
jects of  the  board  of  United  States  engineers  for  internal  improvement, 
composed  of  Oen.  S.  Bernard,  Col.  J.  G.  Totten,  and  Mr.  I.  L.  Sullivan, 
C.  E.,  which  existed  during  the  administration  of  Presidents  Monroe 
and  Adams,  and  directed  examinations  of  portions  of  the  route  to  be 
made.  The  first  detailed  survey,  however,  was  not  made  until  the  ad- 
ministration of  General  Jackson. 

Under  an  act  of  Congress  passed  March  3, 1837,  a  survey  was  author- 
ized, beginning  at  the  southern  dehoucM  of  the  Dismal  Swamp  Canal 
to  Winyah  Bay,  South  Carolina.  This  duty  was  assigned  to  the  late 
Lieutenant-Colonel  Kearney,  United  States  Topographical  Engineers,  t 

*  See  Appendixes  3^  4,  and  5. 

t  His  report  will  be  foand  in  Appendix  1. 
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The  general  divisions  and  subdivisions  of  my  report  are  as  follows : 

Phywcvl  description. — Sea-coast,  sounds,  main-land,  (including  geology.) 

Dbtailkd  account  of  surveys,  (with  estimates,) — Coast-line j  Kearney  route,  {list  of 
maps.) 

General  conclusions. 

Appendixes  :  1.  Colonel  Kearney* s  report,  2.  Historical  extracts  relating  to  coast-line, 
(1584  to  1590.)  3.  Letter  of  President  of  Albemarle  and  Cheaapeake  CanaL  4,  Letter  of 
Mr.  MoAlpine  to  President  of  Albemarle  and  Chesapeake  Canal.  5.  Table  showing  trade  if 
Albemarle  and  Chesapeake  Canal.  6.  -Table  showing  products  of  counties  bordering  on  the 
sounds.    7.  Letter  of  collector  at  Neto  Berne,  and  letter  of  collector  at  Beaufort,  N.  C, 

Before  giving  the  results  of  the  survey  made  under  my  direction,  it  is 
proper  to  inquire  into  the  degree  of  permanence  which  the  proposed 
channel  would  possess ;  and,  in  order  to  do  this,  it  will  be  necessary  tx) 
consider  the  physical  condition  of  the  region  through  which  it  would 
have  to  pass. 

PHYSICAL  DESCRIPTION. 

The  area  embraced  in  the  following  description  will,  as  far  as  practi- 
cable, be  confined  to  the  region  contained  between  an  air-line  from  Wil- 
mington to  Norfolk  and  the  sea-coast.  These  limits  may  be  occasionally 
transcended,  where  the  operation  of  natural  forces  necessitated  a  refer- 
ence to  larger  areas.  The  description  may  be  arranged  under  the  heads 
of  seacoast,  sounds,  and  main-land. 

i^ea-coast. 

The  coast  of  North  Oarolina  is  over  300  miles  in  extent.  For  the 
greater  part  of  this  digitance  barrier-reefs,  or  a  cordon  of  long,  low,  nar- 
row sandy  islands,  varying  from  one-fourth  of  a  mile  to  nearly  4  miles 
in  width,  resist  the  assaults  of  the  Atlantic,  and  appear  for  centuries 
to  have  maintained  the  same  position  in  which  we  now  find  them.  These 
barrier-reefs  are  but  a  part  of  a  larger  belt  or  tract  of  sand  which  girdles 
the  continent.  On  the  coast  of  the  United  States  it  spreads  under  the 
sea  nearly  as  far  as  the  one-hundred-fathom  curve,  and  extends  in  the 
opposite  direction  westward  to  nearly  the  same  distance  from  the  coast, 
or  with  an  average  visible  width  of  from  160  to  180  miles.  It  is  com- 
posed chiefly  of  silicious  sand,  which  changes  its  color  and  character 
with  the  adjacent  land  and  ocean-bottom;  mixing  with  green  ooze  and 
mud  off  Baffin's  Bay,  becoming  yellow  in  color  on  the  coast  of  New 
Jersey,  mingling  with  calcareous  particles  as  it  approaches  Florida,  where 
its  continuity  is  broken  by  the  coral  reefs,  to  be  again  resumed  on  the 
west  side  of  the  peninsula.  In  Pensacola  Bay  it  has  the  dazzling  white- 
ness of  pure  quartzose  sand. 

The  origin  of  this  vast  tract  of  sand  may  be  traced  to  the  high  lands 
and  mountains.  From  the  earliest  period  every  mountain  has  sent  its 
contributions  to  the  seacoast.  Cloven  by  the  frost,  worn  and  eroded 
by  the  rains  and  rivulets,  and  transported  by  all  these  agencies,  it  at 
last  reaches  the  sea.  Here,  while  undergoing  further  attrition,  sifting, 
and  dispersion,  it  becomes  subject  to  those  forces  which  determine  the 
more  or  less  stable  outline  of  the  continent. 

That  sO  mobile  a  material  as  sand  should  be  able  to  maintain  its  posi- 
tion and  to  resist  the  action  of  the  waves  seems  at  first  sight  remark- 
able; and  the  fact  becomes  more  striking  when  we  find  that  the  more 
solid  parts  of  our  coast,  as  well  as  the  rocky  cliffs  of  Great  Britain, 
France,  and  Norway,  are  being  annually  degraded  and  are  retreating 
before  the  ceaseless  gnawing  of  the  breakers.  These  rocky  shores  in- 
variably confront  a  deeper  sea  than  the  low  beaches  of  our  coast,  and 
the  waves  hurl  with  irresistible  violence  against  the  faces  of  the  cliffs 
the  detritus  which  has 'accumulated  at  their  base.  But  upon  our  coast 
the  long,  shallow  Atlantic  slope  greatly  modifies  this  action.    Here  the 
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tidal  waves  and  storm- waves,  ranniDg  up  the  long  and  shallow  incline 
which  forms  the  bottom,  reach  the  beach  with  a  gradaallydiminished 
velocity.  Here  the  waves  encounter  the  barrier-reefs,  which  are  the 
resultant  of  certain  forces,  all  tending  to  preserve  the  position  of  the 
coast-line.  In  the  preservation  of  this  equilibrium  several  natural  forces 
concur,  and  although  their  value  cannot  be  distinctly  stated,  their  rela- 
tion and  action  can  be  made  evident. 

Forces  modifying  the  form  of  the  coast. — Before  specially  de^signating 
these  forces,  it  is  proper  here  to  describe  the  contour  of  the  coast 
line,  according  to  the  recent  charts  of  the  United  States  Coast 
Survey.  I  refer  to  the  coast  of  the  Garolinas.  It  will  be  observed 
that  the  trend  of  the  coast,  from  Cape  Henry  to  within  25  miles  of 
Cape  Hatteras,  is  southeast ;  for  the  next  25  miles,  to  the  very  point  of 
Cape  Hatteras,  it  is  nearly  due  south,  and  that  at  the  point  of  the  cape  a 
remarkable  change  occurs.  From  the  cape  the  beach  turns  to  the  south- 
west, and  between  it  and  Winyah  Bay  it  is  indented  with  three  concave 
bends.  The  first,  called  Ealeigh  Bay,  has  a  chord  of  61  miles  and  a 
versed  sine  of  6^  miles,  and  terminates  at  Cape  Lookout ;  the  second, 
called  Onslow  Bay,  has  a  chord  of  85  miles  and  a  versed  sine  of  18  miles, 
and  terminates  at  Cape  Fear ;  the  third,  called  Long  Bay,  terminates 
at  Cape  Bomain,  near  Winyah  Bay,  and  has  a  chord  of  71  miles,  and  a 
versed  sine  of  15  miles.  Here  the  coast  changes  its  character  and  be- 
comes transformed  into  sea-islands,  with  deeper  intervening  channels, 
supposed  to  have  been  partly  caused  by  the  increased  tidal  action 
oocurring  at  this  part  of  the  coast,  and  encountering  a  soil  in  which 
clay  has  begun  to  take  the  place  of  sand.  The  three  indentations  or 
bays  above  mentioned  may  be  due  to  the  degradation  arising  from  the 
oblique  action  of  the  storms  and  to  the  increased  velocity  of  the  littoral 
currents  acting  upon  a  sandy  beach  no  longer  held  in  equilibrium  by 
the  forces  which  have  maintained  Cape  Hatteras  in  its  present  position. 
The  degradation  would  be  increased  by  the  eddies  and  the  littoral  cur- 
rent naturally  arising  from  the  Gulf  Stream,  which,  forced  toward  the 
land  by  the  southwest  winds  or  away  from  it  by  the  northeast  winds, 
would  proportionally  affect  the  velocity  of  the  counter-currents.  In 
studying  the  outline  of  the  coasts,  we  are  led  to  examine  the  oceanic 
currents,  in  order  to  ascertain  how  far  they  may  have  exerted  a  modi- 
fying influence.  If  the  ocean  has  been  the  shaping  power,  it  will  have 
left  its  record  beneath  the  surface.  We  find  that  the  onehundred- 
fathom  curve  conforms  generally  to  the  outline  of  the  coast.  Its  curv- 
ature is,  however,  much  flatter,  so  that  while  it  is  about  80  miles  distant 
from  the  coast  of  Georgia  and  Long  Island,  it  is  but  30  miles  distant 
from  Cape  Hatteras.  It  would,  therefore,  appear  that  the  ''  advancing 
foot  of  Hatteras"  is  molded  by  other  forces  than  the  Gulf  Stream  and 
counter-currents.  That  such  is  the  case  will  appear  from  the  consider- 
ation of  the  several  forces  which  contend  for  mastery  at  this  cape.  As 
these  forces  play  so  important  a  part  in  modifying  the  form  of  the  coast, 
and  hold,  in  consequence,  an  equally  important  relation  to  any  plan  for 
improvino:  the  sound,  it  is  proper  to  mention  them  specifically. 

1.  The  first  I  will  mention  is  the  Gulf  Stream,  which  has  attracted  a 
large  share  of  the  attention  of  the  investigators  of  the  physics  of  the 
ocean.  This  stream,  leaving  the  straits  of  Florida  with  a  velocity  of  5 
miles  per  hour,  gradually  loses  its  velocity  until,  off  Cape  Hatteras,  it  is 
supposed  to  flow  at  the  rate  of  about  1  mile  per  hour.  Although  un- 
ceasing in  its  action,  it  is  variable  in  direction  and  velocity,  and,  under 
the  influence  of  storms  and  arctic  currents,  ^^utters  like  a  pennant  in 
a  breeze.'^  A  correspondent  variation  takes  place  in  the  eddies  and 
counter  currents. 
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2.  Between  the  Gulf  Stream  and  onr  coast  a  cold  arctic carrent extends 
from  Baffin's  Bay  as  far  as  the  Dry  Tortagas.  The  eifect  of  this  current 
(as  well  as  of  the  eddies)  is  increased  by  the  Gulf  Stream.  A  south- 
westerly flow  has,  from  an  early  period,  been  observed  by  navigators. 

3.  Another  force  is  the  tidal  wave.  This  cosmic  force  expends  its 
efforts  twice  in  24  hours  in  a  direction  chiefly  perpendicular  to  the 
crest  of  the  wave.*  It  reaches  a  maxim  am  when  its  direction  corre- 
sponds with  the  storms.  Its  agency  in  modifying  the  outline  of  conti- 
nents is  well  known  to  geographers  and  geologists,  and  illustrations  of 
its  effects  might  be  drawn  from  the  descriptions  of  the  coasts  of  North 
and  South  America,  England,  Scotland,  Ireland,  Korway,  and  France. 
Whole  districts  have  been  washed  away  on  the  coast  of  England,  and 
ships  now  sail  over  the  site  of  "former  cultivated  flelds  and  hamlets.''* 

4.  Another  force  of  less  magnitude  than  the  three  which  have  been 
mentioned  exerts  a  marked  influence  on  the  coast  of  Carolina.  It  re- 
sults from  the  accumulated  waters  of  the  rivers  which  empty  into  Pam- 
lico and  Albemarle  Sounds,  and  which  concentrate  in  these  sounds  a 
greater  amount  of  fresh  water  than  can  be  found  in  any  other  equal 
area  (except  Chesapeake  Bay)  on  the  Atlantic  coast  of  the  United 
States. 

It  is  to  the  operation  of  these  four  forces  chiefly  that  I  am  disposed 
to  attribute  the  formation  of  the  barrier-reefs.  The  sand  of  the  conti- 
nental sand-belt,  heaped  up  by  the  waves  and  winds,  is  carved  and 
shaped  within  by  the  currents  of  the  sound,  without  by  the  currents  and 
waves  of  the  ocean :  but  arrested  and  held  in  equilibrium  by  the  inward- 
pressing  ocean  and  the  outward  pressing  waters  of  the  sound,  it  has 
preserved  for  centuries  the  outlines  of  the  coast  and  the  general  dimen- 
sions of  the  sounds.t 

Movements  of  the  sand, — Once  raised  permanently  above  the  influence 
of  the  waves  and  currents,  the  sand  becomes  subject  to  the  winds  alone, 
and  assumes  the  form  and  character  of  veritable  dunes.  These  dunes 
are  distributed  along  the  entire  Carolina  coast,  but  seem  to  attain  their 
greatest  magnitude  between  Currituck  Sound  and  Boanoke  Island. 
Three  of  these  sand-hills  are  marked  on  the  earliest  maps  of  the  coast, 
but  have  not  been  laid  down  with  sufficient  accuracy  to  identity  them 
or  to  determine  their  rate  of  movement.  Some  measurements  have 
been  made  by  the  Coast  Survey  to  determine  this  rate.  Their  course  is 
known  to  be  southwest,  under  the  influence  of  the  prevailing  winds, 
which  are  from  the  northeast. 

No  opportunity  occurred  to  measure  the  height  of  any  of  the  dunes, 
but  I  have  been  informed  that  several,  near  Currituck  Inlet,  have  an 
altitude  of  one  hundred  feet.  Huts,  live-oak  trees,  and  shrubbery  are 
buried  by  the  advancing  hills  of  sand,  which,  while  moving  down  the 
beach,  steadily  and  gradually  encroach  upon  the  channels  of  the  sounds. 

*A  modifioatiou  of  the  action  of  this  wave  is  caused  by  Cape  Hatteras,  which,  accord- 
iDg  to  Lieutenant  Moffltt,  splits  the  wave  into  two  segments,  which  move  for  a  while 
in  nearly  opposite  directions. 

*  Mr.  Kiddle,  writing  in  "  Natnre,"  states  that  a  very  marked  etPect  is  observed  at  a 
depth  of  five  hundred  fathoms,  and  that  ofif  Nantucket  Shoals,  during  gales,  New  York 
pilots  and  masters  of  coasting-vessels  assert  that  sand  is  frequently  left  on  deck  after 
a  sea  has  broken  on  board,  although  the  depth  of  water  may  be  12  or  14  fathoms.  The 
observations  of  Scott  Russell  have  proved  the  great  depth  at  which  waves  will  affect 
the  bottom,  and  their  transporting-power  is  well  known  to  engineers  through  the 
reports  on  the  harbor  of  Algiers.  Admiral  Davis  has  given  an  admirable  resume  of  the 
geological  action  of  oceanic  currents. 

tThe  action  of  breakers  may  be  resolved  into  three  forces  chiefly:  the*  force  of 
translation,  the  downward  or  vertical  resultant,  and  the  undertow.  The  maximum  is 
toward  the  beach,  and  brings  everything  to  shore  that  has  passed  the  first  breakers. 
The  tendency  of  drift  and  wrecks  on  this  part  of  the  coast  is  toward  the  south. 
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Even  iu  short  periods  their  advance  may  be  noted,  and  the  direction  is 
always  indicated  by  the  steepest  side,  which  is  noder  the  lee  of  the  dnne. 
It  is  probable  that  the  whole  bed  of  sand  formiog  the  beach  is  continu- 
ally in  motion,  and  that  no  particle  remains  long  in  the  same  place.  In 
order  to  determioe  the  rate  of  the  movement  of  the  sand-beach  and  dunes 
a  long  series  of  observations  would  be  necessary.  The  movement  of  the 
sand-dunes  could  be  traced  by  counecting  their  position  with  the  trian- 
gulation-poiuts  of  the  Coast  Survey  and  the  telegraph-poles  of  the 
Signal-Service.    This  could  be  done  with  but  little  labor  or  expense. 

It  is  not  a  matter  of  surprise,  theu,  that  the  inlets  should  be  contin- 
ually opening  under  the  influence  of  storms,  and  closing  before  the  ad- 
vancing tide  of  sand. 

I  am  indebted  to  Gen.  Albert  Myer,  U.  S.  A.,  Chief  Signal-Officer, 
for  the  following  table,  giving  the  number  of  gales  from  eight  points  of 
the  compass,  the  total  duration  in  hours,  the  maximum  hourly  velocity, 
the  total  maximum  in  miles,  and  the  resultant  in  miles,  at  the  following 
points,  viz:  Norfolk,  Cape  Henry,  Kittyhawk  Bay,  near  Boanoke 
Island,  Cape  Hatteras,  and  Wilmington,  K.  C. : 

Summary  of  gales  duHng  1875,  from  Norfolk  to  Wilmington. 


Norfolk 

Cape  Henry  . . 
Kittjhawk  ... 
Cape  Hatteras 
"Wilmington . . 


Norfolk 

Cape  Henry  . . 
Kittyhawk  ... 
Cape  Hatteras 
Wilmington.. 


Norfolk 

Cape  Henry . . 
Kittyhawk  ... 
Cape  Hatteras 
Wilmington.. 


Norfolk , 

Cape  Henry  ... 
Kittyhawk  ... 
Cape  Hatteras 
Wilmington.. 


Norfolk 

Cape  Henry ... 
Kittyhawk  ... 
Cape  Hatteras. 
Wilmington... 


N. 


3 

13 

14 

4 

0 


10 

8U 

ISl 

19 

0 


Number  of  gales  from  th( 


N.E. 

E. 

S.E. 

s. 

4 

S 

S 

5 

19 

S 

3 

5 

38 

9 

1 

7 

42 

8 

5 

8 

0 

1 

0 

4 

Total  daration  in  hours. 


Maximum  hourly  Telocity  in  miles. 


Total  movement  in  miles. 


S.W. 

W. 

1 

1 

3 

0 

12 

6 

33 

1 

13 

1 

N.W. 


6 
19 
8 
4 
2 


15 

7 

7 

43 

5 

5 

1961 

H 

16 

33 

3i 

0 

467 

106 

4 

88 

98 

51 

510 

84 

87 

63 

387 

4 

0 

8 

0 

36 

146 

8 

33 
150^ 
117 

16 
6| 


48 

48 

36 

36 

31 

30 

30 

48 

40 

36 

40 

40 

30 

0 

60 

56 

54 

30 

40 

68 

60 

38 

45 

40 

48 

45 

50 

38 

0 

0 

85 

0 

36 

4i 

27 

48 

65 
30 
35 


885 

435 

195 

195 

1,150 

135 

135 

8,400 

5,860 

275 

540 

910 

95 

0 

4.130 

17,335 

3.505 

110 

8,450 

3.260 

1,685 

580 

14,565 

695 

8,485 

1,775 

9.450 

115 

0 

0 

50 

0 

990 

4,325 

210 

1,000 

4.630 

2;  920 

415 

195 


Total 


84 
63 
95 
99 
21 


185 
4981 

1,052 
1,049 
198| 


Gen.  max. 


48 
78 
65 
50 
44 


Q^n.  sum. 


3,530 
14,710 
39,885 
29,940 

5,770 


General  resultants. 


310  miles  toward  N.  74^  18'  E. 

8, 567  miles  toward  S.   9°  56"  W. 

16, 733  miles  toward  S.  35°  35'  W. 

5, 697  milea  toward  S.  80^  SO'  W. 

5, 154  miles  toward  N.  4(P  48'  £. 
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It  will  be  seen  that  the  resultant  of  all  the  winds  is  largely  from  the 
northeast,  which  corresponds  with  the  actual  movemeuts  of  the  dunes 
toward  the  southwest. 

The  sand  driven  seaward  by  the  wind,  except,  perhaps,  so  much  as 
may  pass  beyond  the  outer  breakers,  is  returned  by  the  waves  to  the 
beach,  where  the  sand  driven  landward  under  the  prevailing  northeast 
wind,  the  resultant  wind,  is  carried  along  the  beach  and  distributed 
over  the  bottom  of  the  adjacent  sound. 

As  the  local  and  general  changes  of  the  coast  line  and  sounds  have 
been  supposed  to  be  considerable,  it  becomes  particularly  important  to 
ascertain  their  extent,  rate  of  progress,  and  bearing  in  relation  to  any 
proposed  improvement  of  the  adjacent  waters.  This  can  only  be  done 
by  reference  to  history  and  by  comparing  old  maps  with  those  of  recent 
date. 

History  of  changes  in  the  inlets. — Beginning,  then,  with  the  northern- 
most point  at  old  Currituck  Inlet,  I  find  an  account  of  its  condition  in 
1713,  according  to  the  statement  made  to  Col.  William  Byrd,  (see  the 
Westover  manuscript,  dated  1733.)  Colonel  Byrd  was  employed  by  the 
lords  proprietors  of  Virginia  in  1728  as  one  of  the  commissioners  to 
adjust  the  boundary-line  between  that  State  and  North  Carolina.  Ac- 
cording to  the  Westover  manuscript,  old  Currituck  Inlet  closed  in  1713. 
Before  that  date,  the  sea  is  said  to  have  entered  in  such  a  volume  that 
the  water  of  the  Northwest  Biver  became  brackish.  In  1733,  this 
inlet  was  so  nearly  closed  as  to  be  impassable  by  any  kind  of  boat. 
New  Currituck  was  then  open,  and  a  New  England  schooner  lying  at 
anchor  in  the  sound.  Colonel  Byrd  gives  the  draught  which  could  be 
carried  through  the  inlet  as  10  feet,  probably,  at  high-water.* 

There  is  neither  breach,  inlet,  nor  opening  in  this  part  of  the  coast  at 
the  present  time.  In  fact,  as  far  as  Oregon  Inlet  all  the  inlets  existing 
at  the  period  of  Sir  Walter  Raleigh's  expeditions  are  now  closed.  Be- 
tween the  years  1584  and  1590,  Sir  Walter  Baleigh  fitted  out  five  expe- 
ditions to  the  coast  of  Virginia,  now  North  Carolina.  The  original 
documents  relating  to  these  voyages  can  be  found  in  Hakluyt's  Collec- 
tion, '*  imprinted  in  London  in  1600,"  and  in  the  Voyages  and  Travels 
published  in  Frankfort  by  brothers  De  Bry  in  1590.  The  De  Bry  broth- 
ers give  in  their  publication  two  maps,  by  Thomas  Hariot,  a  mathe- 
matician of  eminence,  who  accompanied  the  second  expedition  fitted 
out  by  Sir  Walter  Raleigh.  Without  these  maps  it  is  impossible  to 
understand  the  references  to  localities  in  the  original  reports  made  to 
Sir  Walter  Raleigh.  Several  serious  errors  in  relation  to  the  history  of 
the  early  expeditions,  and  to  the  changes  which  have  taken  place  in  the 
coast-line,  have  been  disseminated  by  subsequent  narrators.  In  the 
classic  work  of  Bancroft  these  errors  have  not  been  repeated.  Sir  Wal- 
ter's expeditions  visited  the  coast  between  Roanoke  Island  and  Beau- 
fort Harbor,  and  the  reports  of  their  commanders  enable  us  to  partially 
trace  the  changes  which  have  taken  place  since  that  day.  After  a  care- 
ful examination  of  the  original  documents  and  a  comparison  of  the  early 
maps  with  the  recent  maps  of  the  Coast-Survey,  I  have  reached  the  fol- 
lowing conclusions :  t 

1.  That  no  inlet  existed  at  Nag's  Head  between  the  years  1584  and 
1590. 

*The  iulet  described  bv  Colonel  Byrd  as  near  the  initial  i>oint  of  the  boundary-line 
is  north  of  the  point  marked  on  the  recent  maps  as  the  position  of  old  Carritack  Inlet. 
This  position  of  the  old  inlet  is  either  wrong  or  another  inlet  mnst  have  existed  at 
the  time  of  Byrd's  visit.    (See  maps  of  bonndary-line  accompanying  this  report) 

t  Bee  Appendix  1  for  condensed  history  of  Raleigh's  expeditions  and  remarks. 
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2.  That  Baleigh's  fleet  generally  anchored  in  the  roads  outside,  some- 
times near  Gape  Lookoat,  sometimes  near  (3ape  Hatteras,  and  occasion- 
ally near  Ocracoke  or  Oregon  Inlets. 

3.  Occasionally  the  fleet,  or  some  of  the  vessels,  entered  Ocracoke  or 
Hatteras  Inlets. 

4.  The  expeditions  and  landings  in  the  sounds  were  made  chiefly 
in  fifty-ton  vessels,  "pinesses,''  and  small  row-boats. 

5.  Sir  Francis  Drake's  fleet  anchored  in  the  roads. 

6.  Boanoke  Inlet  is  represented  as  open  in  1738,  according  to  Wim- 
ble's chart,  also  by  Lawson  and  others,  and  by  the  Atlantic  JSfeptune 
map  of  1 780. 

Wimble's  chart  represents  a  sloop  steering  for  Boanoke  Inlet,  a  bark 
for  Ocracoke,  and  a  ship  for  Beaufort  Harbor.  With  the  exception  of 
Boanoke  Inlet,  these  symbols  would  be  correct  at  the  present  day. 
Hariot  (1585)  employs  the  symbol  of  a  sinking  ship  to  represent  the 
condition  of  the  inlets  between  Boanoke  Island  and  Gape  Hatteras. 
Lawson,  in  1708,  gives  the  earliest  account  I  can  find  of  Boanoke  Inlet 
He  represents  9  feet  of  water  on  the  bar,  (probably  at  high-water.) 

The  depths  given  by  Lawson  are  much  greater  than  those  given  by 
other  authorities.  All  the  reports  made  to  Sir  Walter  Baleigh  concur 
in  representing  Wokokon  (which  agrees  in  position  with  Ocracoke  Inlet) 
as  the  only  inlet  where  any  of  the  fleets  entered.  This  is  Mr.  Bancroft's 
opinion.  The  name  of  "  Hatorask,"  which  frequently  occurs  in  the  origi- 
nal reports,  must  have  referred  to  Oregon  Inlet,  or  some  inlet  near  by. 
Subsequently  the  name  was  transferr^  to  Cape  Hatteras. 

The  early  charts  are  nearly  correct  in  latitude,  but  in  longitude  the 
error  is  often  twice  the  actual  distance.  This  will  be  apparent  upon  an 
examination  of  Wimble's  chart,  which  accompanies  this  report. 

In  1819  the  board  of  internal  improvement  of  the  State  of  ^orth 
Carolina  applied  to  the  University  of  Oxford  and  to  Lord  Egremont  for 
such  of  Dr.  Harlot's  papers  as  related  to  the  expeditions  of  Sir  Walter 
Baleigh.  This  ^^application  was  politely  attended  to  and  search  made 
for  such  papers,  but  none  could  be  found.  The  board  have  therefore 
lost  the  power  of  getting  a  copy  of  the  first  chart  of  Ocracoak."  I  have 
the  pleasure  of  submitting  copies  of  the  maps  of  Hariot  above  referred 
to. 

South  of  Pamplico  the  shore-line,  as  has  been  stated,  is  subject  to  a 
different  action  from  that  to  the  north  of  Cape  Hatteras.  With  the 
exception  of  Beaufort  Harbor,  the  inlets  are  shallow,  the  sounds  small, 
and  the  tributary  rivers,  with  the  exception  of  Kew  Biver,  not  naviga- 
ble. The  early  discoverers  made  no  attempt  to  land  on  this  part  of  the 
coast.  The  permanence  of  the  coast-line  can  only  be  determined  by 
comparing  its  present  condition  with  its  condition  at  the  time  of  the 
first  triangulation  made  by  officers  of  the  United  States  Coast  Survey. 
Local  testimony  seems  to  indicate  that  the  beach  is  washing  away  be- 
tween New  Biver  and  Masonborough,  and  some  of  the  residents  affirm 
that  the  beach  has  retreated  as  much  as  one-eighth  of  a  mile  in  the  last 
twenty  years.  Although  this  is  not  an  established  fact,  yet  the  state- 
ment is  of  sufficient  importance  to  require  verification  before  a  canal 
near  the  coast-line  can  be  recommended. 

The  dates  of  the  existence  and  opening  or  closing  of  the  inlets  along 
the  Carolina  coast,  as  far  as  can  be  gathered  from  maps,  charts,  official 
reports,  and  histories  for  the  last  three  hundred  years,  are  given  in  the 
following  list. 
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Table  shmving  oamparaiive  conditions  of  the  inlets  or^  the  coast  of  North  Carolina  at  differ- 
ent dates, 

O  indicates  open  At  time,  C  closed,  —  not  given. 


Names  of  inlets. 


Carritnck 

New  C  nrritack .'« . 

Caffey'a 

Boanoke  

Oregon 


New 

Loggerhead 
Chickinoke. 
Hatteras . . . 
Ocracoke . . . 


New 

Norman's 

Drum 

Cedar 

Beaufort 

Bogne 

Bear 

Brown's 

Little 

New  River 

8tnmp. 

New  Topsail .... 

Old  Topsail 

RJch 

Queen 

Barren 

Sandy 

Broad 

Shoal 

Mason  borough  .. 
New,    (entering 
Cape  Fear  River.) 


Cape  Fear  River  . 


Condition  as  shown  by  map  of— 
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Remarks. 


Closed  in  1828. 
Closed  in  1800. 


6  ;  Known  as  New  in  1738,  as  Hatorask  in 
1590,  as  Gunt  in  1775,  as  Gant  in  1795. 


Known  as  Chiokinockcominook  in  1775. 

Known  as  Wokokon  in  1590,  as  Okera- 
cock  in  173ti,  as  Ocoaoook  in  1775. 


12  I  Known  as  Core  Sound  in  1708,1738, 1775. 
6     Kuown  as  Bong  in  1738. 
5 


3| 


«  I 

—     Known  as  Sandy  in  1738. 
84'  Known  as  Roach  in  1738. 
11  Open  in  1868. 
4  I 
1  I  Open  in  1871. 


» 
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Known  a«  Cabbage  in  1738  and  1775. 

Open  in  1774  according  to  map  of  John 
Collet,  and  in  1806  according  to  map 
of  Cole  &  Price ;  now  (1876)  being 
closed  by  Colonel  Craighlll,  Corps  or 
Engineers. 


Depths  given  by  Wimble  are  evidently  high-water  depths,  from  re- 
marks in  the  note.  Lawson  and  Mouzin  probably  high-water  depths, 
also,  from  their  greatness.  To  obtain  depths  corresponding  to  present 
low- water  depths,  deduct  for  rise  of  tide:  at  Onrritack,  Roanoke,  Chick- 
inoke, Hatteras,  New  IN'orman's,  and  Dram,  2  feet;  at  Ocracoke,  Bogue, 
New  Topsail,  and  Barren,  3  feet;  at  Beaufort,  2.8  feet;  at  Bear,  4  feet ; 
at  New  River,  1.96  feet ;  at  Gape  Fear  River,  4^  feet. 


Sounds. 

In  the  following  description  of  the  sounds,  I  have  taken  their  dimen- 
sions from  charts  of  the  United  States  Ooast  Survey.  A  short  state- 
ment of  their  salient  features,  present  condition,  and  probable  changes 
has  been  added.    Until  the  probable  deterioration  of  the  navigation  is 
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ascertained,  it  would  not  be  advisable  to  commence  any  extensive  im- 
provement of  the  channels.  For  this  reason,  Colonel  Kearney  held  in 
reserve  his  opinion  of  the  feasibility  of  such  improvements. 

The  foUowinj]^  account,  which  tends  to  establish  confidence  in  the 
permanence  of  a  judicious  improvement,  will  not,  I  think,  be  regarded 
aa  unnecessary.  The  sounds  of  the  Carolina  coast  commerce  in  latitude 
360  45'.  The  first  two  are  small,  irregularly-shaped  bodies  of  water, 
called  North  Bay  and  Back  Bay.  The  latter  (which  is  the  larger)  is 
about  9  miles  long  and  6  broad.  By  a  narrow  channel  (called  Knott's 
island  Channel)  it  is  connected  with  Curritiick  Sound.  This  narrow 
and  shallow  sound  extends  along  the  coast  for  a  distance  of  35 
miles.  Its  width  is  made  variable  by  islands  and  projecting  points 
of  sand.  Opposite  Currituck  Court-House  its  width  is  7  miles,  but 
for  the  greater  part  of  its  length  it  varies  from  3  to  4  and  5  miles. 
Currituck  is  fed  by  two  rivers  chiefly — the  North  Landing  River,  which 
is  the  outlet  of  the  Albemarle  and  Chesapeake  Canal,  and  the  North- 
west River,  mentioned  by  Colonel  Byrd  in  the  Westover  manuscript. 
These  rivers  drain  large  swampy  areas,  (the  Northwest  River  heading 
in  the  Dismal  Swamp.)  The  lower  portions  wind  tortuously  through 
large  swamps  covered  with  cypress  and  gum,  and  through  extensive 
grass-marshes  which  border  the  sound.  Occasionally  a  narrow  tongue 
of  sand  will  be  observed,  covered  with  short-leaved  pine.  The  water  in 
these  rivers,  and  in  fact  in  all  the  fresh-water  rivers  of  this  region,  is  of 
a  transparent  cofiee-color,  due  probably  to  tannin,  and  contains  but  a 
small  quantity  of  sediment.  The  current  being  slight,  the  changes  of 
the  course  and  depth  are  consequently  slow,  and  are  caused  chiefly  by 
gradual  accretions  of  aquatic  plants,  mosses,  grasses,  and  marsh  shrubs. 
In  casting  the  eye  over  the  extensive  swamps  and  marshes,  it  is  easy  to 
trace  the  former  limits  of  the  sounds. 

These  marshes  are  built  up  by  sands  from  the  beach,  and  by  slowly- 
accumulating  vegetable  growth.  There  are  no  inlets  at  the  present 
titne  into  Currituck  Sound.  The  water  is  usually  fresh,  although  in 
dry  seasons  it  occasionally  becomes  brackish.*  The  inlets  mentioned 
in  the  Westover  manuscript  were  finally  closed  in  1828.  Since  this 
date  the  shoaling  near  the  coast  and  in  the  lower  part  of  the  sound  has 
increased  witli  the  drifting  sand  and  the  growth  of  aquatic  plants. 
Extensive  flats  have  been  formed,  which  are  the  resort  of  canvas-back 
ducks,  geese,  and  swans,  and  have  been  purchased  by  sporting  clubs  of 
l^altimore,  Philadelphia,  and  New  York,  who  visit  this  region  every 
autumn.  The  depth  of  this  part  of  the  sound  varies  from  2J  to  3  feet. 
The  bottom  is  composed  of  sand,  with  occasional  patches  of  oysters,  the 
relics  of  the  salt-water  period.  The  west  or  northwest  part  of  the  sound 
being  better  protected  from  the  drifting  sand,  and  also  by  its  depth  and 
width  from  the  encroachments  of  the  marshes,  has  preserved  its  original 
depth.  The  route  of  the  steamers  between  Norfolk  and  New  Berne  is 
through  this  part  of  Currituck  Sound.  The  Albemarle  and  Chesapeake 
Canal  commences  on  the  Elizabeth  River,  12J  miles  from  Norfolk.  The 
length  of  the  first  section  of  the  canal  is  I:^^  miles.  It  has  one  tide- 
lock  220  feet  in  length,  40  feet  wide,  and  with  8  teet  on  the  miter  sill. 
From  the  end  of  this  canal  to  the  mouth  of  North  Landing  River  is 
18  miles.  From  the  mouth  of  the  river  to  the  second  section  of  the 
canal  in  North  Carolina  is  12.^  miles.  The  second  section  is  5^  miles 
long,  without  locks.  From  the  terminus  of  the  canal  to  Albemarle 
Sound  is  12  miles.    The  channel  through  Currituck  Sound  is  from  6^ 

*  This  is  dae  to  the  salt  water  which  passes  through  the  canal-lock  from  Elizabeth 
River. 
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to  7  feet  deep  with  ordinary  winds.  It  is  difficult  for  steamers  in  foggy 
weather  and  at  night  to  keep  in  the  channel,  and  it  is  here  that  naviga- 
tion might  be  improved  by  dredging  and  marking  the  terminal  points 
with  lights. 

Albemarle  Sound. — Albemarle  Sound  is  almost  a  fresh-water  lake.  It 
is  so  seldom  and  so  slightly  brackish  that  most  of  the  pilots  are  igno- 
rant of  the  fact.  This  would  appear  to  have  been  its  condition  in  1585, 
when  Lane  described  it  as  "all  fresh  water  and  the  channel  of  great 
depth  and  navigable  for  good  shipping,"  a  statement  which  may  be 
regarded  as  an  argument  against  the  supposed  existence  of  Eoanoke 
Inlet  at  that  time.  It  is  50  miles  long,  extends  in  nearly  an  east  and 
west  direction,  widening  from  5  miles  at  the  western  end  to  15  miles  at 
the  eastern  end.  Its  depth  in  mid-channel  is  23  feet,  but  it  is  shallow 
along  the  border,  and  shoals  project  in  a  marked  degree  from  the 
points  at  the  mouths  of  the  rivers  along  the  northern  side.  On  this 
side  of  the  sound  five  broad  estuaries  enter  from  the  northwest,  afltbrd- 
ing  an  outlet  for  as  many  small  rivers.  The  first  of  thCvSe,  North  River, 
is  the  outlet  of  the  Albemarle  and  Chesapeake  Canal ;  the  second  is  the 
Pasquotank,  the  outlet  of  the  Dismal  Swamp  Canal ;  the  third  is  Little 
Eiver ;  the  fourth  Perquimans  Kiver;  and  the  fifth  the  Chowan  River, 
which  is  formed  by  the  Blackwater,  Nottaway,  and  Meherriu  Rivers. 
By  way  of  the  Chow^an  River  the  sound  is  connected  by  a  deep  channel 
with  the  Seaboard  and  Roanoke  Railroad  at  Franklin,  Va.  The  Roa- 
noke River,  the  largest  of  all,  and  bearing  a  large  amount  of  sediment, 
enters  from  the  southwest  through  three  delta-formed  channels.  Two 
rivers,  the  Scuppernong  and  the  Alligator,  enter  on  thesouthwest.  These 
two  rivers,  on  account  of  certain  peculiarities,  will  be  again  mentioned. 
There  are  no  lunar  tides  in  this  sound.  The  south  and  southeast 
winds  elevate  and  the  north,  northwest,  and  northeast  winds  depress 
the  water.  The  range,  under  the  influence  of  the  winds,  varies  from  2 
to  4  feet.  It  has  been  stated  by  Hamilton  Fulton,  civil  engineer,  that 
the  water  of  this  sound  is  2^  feet  above  the  level  of  the  low  water  of  the 
ocean.  This,  if  true,  would  be  due  to  the  fresh-water  drainage.  lu 
calm  weather  a  steadv  current  has  been  observed  to  set  down  the  sound. 
From  the  observation  of  residents  the  sound  has  been  increasing  its 
width  by  the  denudation  of  the  headlands.  From  this  cause  and  the 
sediment  brought  down  by  the  Roanoke  the  sound  is  always  muddy. 

The  waters  of  Albemarle  and  Currituck  Sounds  find  their  way  to 
Pamplico  Sound  by  two  channels,  one  on  the  west  and  the  other  on  the 
east  of  Roanoke  Island.  The  west  (and  wider)  channel  is  called 
Croatan  Sound;  the  east,  Roanoke  Sound.  These  sounds,  so  called, 
are  10  miles  long  and  from  2  to  3  miles  wide.  The  first,  exceptin*? 
a  small  artificial  obstruction,  has  a  good  9foot  channel ;  the  second 
is  intricate,  narrow,  and  shallow.  The  island,  at  the  time  of  Ama- 
das's  expedition,  (1584,)  was  about  16  miles  long  and  was  nearly  con- 
nected with  the  mainland  by  a  number  of  smaller  islands.  These 
have  been  washed  away,  and  the  present  ship-channel  passes  over 
their  former  position.  Roanoke  Island  has  been  reduced  in  width, 
as  well  as  in  length.  It  is  now  about  II  miles  long.  These  changes 
are  still  in  progress,  and  there  are  persons  now  living  who  can  point 
out  great  alterations  in  this  locality.*  The  increased  flow  of  water 
through  Croatan  or  Roanoke  Sounds  has  been  attributed  to  the  closing 
of  Roanoke  Inlet.  I  have  already  given  all  the  (accessible)  authorities 
for  the  supposed  existence  of  this  inlet.  If  occasional  breaches  made 
by  the  sea  at  this  point  have  not  been  unduly  magnified,  we  must  con- 

*Mr.  Marsiban  Parks,  president  Albemarle  and  Chesapeake  Caual  Company. 
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elude  that  Roanoke  Inlet  was  not  open  until  after  the  return  of  the  last 
expedition,  sent  out  by  ij'w  Walter  Kalei|jh  about  1590.  It  is  certain, 
l^owever,  that  the  present  condition  of  the  sounds  in  question  might 
have  been  brought  about  by  the  action  of  the  wind  and  waves,  which 
has  destroyed  the  islands  and  enlarged  the  channels  on  each  side  of 
Eoanoke  Island.  That  temporary  breaches  may  have  been  formed  in 
this  locality  is  probable.  I  have  been  informed  by  Carlile  P.  Patterson, 
Superintendent  United  States  Coast  Survey,  that  a  temporary  breach 
was  opended  during  the  late  war.  The  uncertain  testimony  of  history 
in  regard  to  the  existence  of  Koanoke  Inlet  inspired  the  hope  that  an 
artificial  entrance  might  be  made.  The  importance  of  this  entrance  was 
greatly  exaggerated.  Under  this  impression  an  attempt  was  made  to  cut 
through  the  beach  at  Nag's  Head  and  open  an  inlet  near  the  supposed 
position  of  old  Roanoke  Inlet.  A  history  of  this  operation  and  a  review 
of  all  the  plans  proposed  will  be  found  presented  in  a  very  lucid  man- 
ner in  the  able  report  of  Colonel  Simpson,  Corps  of  Engineers,  (1871.) 
The  failure  of  the  attempt  to  re-open  the  inlet  is  instructive.  Colonel 
Simpson  reviews  the  plans  of  Uamilton  Fulton  and  Walter  Gwynn, 
civil  engineers,  employed  by  the  State  of  North  Carolina  in  1820  and 
1840,  respectivel}',  and  also  that  of  Capt.  Ilartman  Bache  and  Lieut. 
D.  P.  Woodbury.  Lieutenant  Woodbury,  after  a  review  of  the  plans 
of  his  predecessors,  presented  a  modified  design.  Congress  appropri- 
ated 850,000,  and  operations  were  commenced  on  the  plan  and  continued 
until  May  13, 185G.  Lieutenant  Whiting,  of  the  Corps  of  Engineers,  was 
then  assigned  to  this  work,  and  subsequently,  with  Col.  William  Turn- 
bull,  inspected  tha  operations.  Colonel  Turnbull  reported  to  Colonel 
Abert,  chief  of  Corps  of  Topographical  Engineers,  on  September  1, 1859, 
adversely  to  this  work ;  Lieutenant  W^hiting  had  already  expressed  the 
same  opinion. 

Colonel  Turnbull  states  'Hhat  $40,000  have  been  expended,  and  at 
this  time  there  is  scarcely  a  trace  to  be  seen  of  what  was  done,  the 
drifting  sand  filling  the  trench  as  fast  as  it  was  excavated  by  the  dredging- 
machine."  Colonel  Simpson  concludes  his  report  by  stating  that  any 
further  expenditure  would  be  an  unwarrantable  waste  of  public  money. 

Pamplico  Sound. — Pamplico  Sound  extends  from  Croatan  to  Core 
Sound,  a  distance  of  75  miles.  Its  width  varies  from  10  to  18  and  30 
miles,  its  depth  in  the  channel  from  7  to  23  feet.  Its  navigation  is  lim- 
ited bj'  the  depth  of  water  at  Ocracoke,  the  principal  inlet,  through  which 
vessels  drawing  9  feet  of  water  can  pass  at  low-water,  but  must  wait 
for  high- water  before  they  can  pass  the  bar  inside  the  sound.  Under 
the  induence  of  storms,  the  bar  of  Hatteras  Inlet  is  sometimes  as  good 
or  better  than  Ocracoke,  but  the  advantage  after  a  short  time  returns 
to  the  latter  inlet.  These  changes  have  led  some  observers  to  infer  the 
probable  complete  closure  of  these  two  important  inlets.  This  result 
might  be  hastened  if  the  flow  of  water  through  Core  Sound  were  in- 
creased by  deepening  and  widening  the  channel  either  by  natural  or 
artificial  means.  Should  this  ever  take  place,  the  position  of  and  depth 
of  water  on  the  bar  at  Beaufort  Harbor  would  be  materially  changed 
Upon  general  principles,  it  may  be  predicted  that  all  these  changes 
would  be  favorable  to  navigation,  but  as  the  status  of  the  inlets  which 
has  remained  for  centuries  would  thereby  be  changed,  any  design  made 
for  this  object  should  receive  very  careful  consideration.  The  distance 
to  sea  by  way  of  Beaufort  Harbor  would  be,  from  New  Berne,  35  miles, 
and  from  Washington,  29  miles,  farther  than  by  Ocracoke.* 

^  — ■        I     11       ■     ■-  -■  III  M  ■  ■  ■■■!    —  —         —  I  ■■  I  I-  W        •  ^"  —      i  ■  ^  1—  -  ,  -  .^     .  I    ■■  ■ 

•The  diHtance  from  New  Berne  to  Ocracoke  Inlet,  is  fi9|  miles  ;  the  distance  from 
New  Berne  to  Beaufort  Harbor,  is  94  miles  ;  the  distance  from  Washington  to  Ocracoke 
Inlet,  is  67  miles  ;  the  distance  from  Washington  to  Beaufort  Harbor,  is  96  miles. 
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The  cut  which  has  been  proposed  between  Uarlow  and  Clubfoot 
Creeks  for  the  purpose  of  uniting  the  Neuse  River  and  Beaufort  Harbor 
would  reduce  the  distance  between  New  Berne  and  Beaufort,  and  also 
between  Washington  and  the  same  point.  New  Berne  would  be  29 
miles  nearer  to  Beaufort  than  to  Ucracoke,  and  Washington  would,  by 
the  same  route,  be  18  miles  farther.  The  same  inlets  now  exist  between 
the  outlying  islands,  and  the  same  shoals  are  now  found  off  the  coast 
as  were  iound  by  the  navigators  of  1584.  Ocracoke  or  Hatteras  appear 
to  have  been  the  first  inlets  which  they  entered.  The  beach,  banks, 
barrier- reefs,  or  whatever  they  may  be  ealled,  appear  to  have  been  much 
wider  than  at  the  present  time.  This  seems  to  have  been  notably  the 
case  near  Cape  Hatteras.  The  preservation  of  the  status  of  the  bars  at 
the  inlets  for  so  many  years  indicates  a  permanence  in  the  relation  of 
the  forces  by  which  they  are  maintained.  Should  their  relations  so  far 
change  as  to  destroy  the  present  equilibrium  and  to  close  the  larger  in- 
lets, the  deterioration  of  the  interior  navigation  will  not  be  more  rapid 
than  it  has  been  heretofore.  At  a  moderate  cost  the  present  channels 
could  be  preserved  for  many  hundred  years,  which  is  as  far  as  we  need 
look.  At  the  present  time  the  tides  near  the  large  inlets  vary  from  2  to 
4J  feet.  At  New  Berne  and  Croatan  Sound  they  are  controlled  almost 
wholly  by  the  winds. 

Core  Sound. — This  sound  is  36  miles  long  and  about  3  wide,  and  con- 
nects Pamplico  Sound  with  Beaufort  Harbor.  The  depth  near  the  upper 
end,  on  Wimble's  chart,  is  3  feet;  at  present  it  is  from  4  to  4^  feet. 
There  are  six  bars  in  this  sound  which  have  from  4J  to  6^  feet  of  water 
over  them.  These  are  Harbor  Island,  two  bars  at  Drum  Shoal,  Piney 
Point  Shoal,  Yellow  Shoal,  and  Bell's  Shoal.  These  should  be  removed 
in  order  to  bring  the  navigation  up  to  the  standard  of  the  Albemarle 
and  Chesapeake  Canal. 

The  tide  in  this  sound  is  neutralized  by  the  meeting  of  flood-waters 
from  Ocracoke  and  Beaufort.  The  Government  attempted  to  dredge  a 
channel  in  1838,  but  the  dredge-boat  was  accidentally  burned  before 
anything  was  accomplished. 

The  bar  of  Beaufort  Harbor  has  from  12  to  15  feet  at  low-water.  This 
depth  is  sometimes  temporarily  increased  by  storms.  It  has  always 
preserved  the  advantage  over  the  other  inlets  of  having  deeper  water 
after  the  outside  bar  is  passed.  The  earliest  maps  represent  the  direc- 
tion of  the  channel  to  be  southwest.  It  is  now  southeast.  Lawson, 
writing  in  1708,  represents  the  depth  on  the  bar  as  less  than  at  Ocra- 
coke. It  has  been  obs'^rved  that  the  harbors  on  the  coast  of  Carolina 
which  are  protected  by  capes  have  the  greater  depth.  This  is  the  case 
with  Hatteras,  Ocracoke,  Beaufort,  and  Swansborough  and  the  mouth 
of  the  Cape  Fear  River. 

Bogue  Sound. — This  sound  extends  from  Beaufoit  to  New  River,  a 
distance  of  nearly  47  miles.  The  width  varies  from  2  to  3  miles,  and 
the  depth  from  2  to  3  feet.  The  bars  shift  with  the  winds.  Near 
Swansborough  the  sound  is  occupied  by  large  salt-marshes,  which  are 
intersected  by  impracticable  channels. 

Between  Bogue  Sound  and  Wilmington  are  five  shallow  sounds,  with  an 
occasional  inlet,  where  coasters  may  find  a  haven.  These  sounds  are 
called  Stump,  Middle,  Topsail,  Masonborough,  and  Myrtle,  and  are  for  the 
most  part  occupied  by  an  intricate  net- work  of  channels  through  which  a 
canoe  cannot  pass.  The  storms  sweep  into  the  sounds  a  large  amount  of 
sand  which  the  feeble  backwater  is  unable  to  remove,  and  large  deltas 
have  been  formed  by  the  ocean  inside  the  inlets,  in  a  manner  analogous 
to  the  delta-formations  which  are  built  up  in  the  ocean  whenever  the 
effluent  seilimentary  water  is  in  excess  of  the  inflowing  water  of  the  sea. 
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Another  caase  of  aedimeDtary  deposits  is  found  at  the  points  of  equi- 
librium between  the  meeting  of  the  waters  from  two  neighboring  inlets. 
These  accumulations  are  increased  by  the  creeks  and  the  washings  of 
the  rains.  While  this  process  of  filling  is  in  progress  within  the  '*  banks," 
there  appears  to  be  evidence  that  the  beach  is  undergoing  degradation 
by  the  storms.  The  question  as  to  the  amount  of  degradation  can  only 
be  ascertained  after  a  comparison  of  the  present  coast-line  with  that 
which  existed  when  the  first  triangulation  was  made,  in  1850.  Until 
this  question  is  decided  the  utility  of  a  canal  or  open  channel  through 
the  sounds  must  be  uncertain.  It  is  noticeable  that,  notwithstanding 
these  changes,  several  inlets  afford  havens  for  small  coasting-vessels. 
Bogue  Inlet  has  6  feet  at  low-water  on  the  bar,  New  River  3J,  New 
Topsail  8  feet,  Masonborough  4,  New  Inlet  9A,  and  Cape  Fear  12^.  The 
two  last-named  afford  entrance  to  Wilmington  and  Cape  Fear  River, 
but  New  Inlet  is  about  to  be  closed  by  crib-work*  as  a  means  of  im- 
proving a  lower  bar. 

New  River  and  Bogue  Inlets  afford  outlets  for  estuaries  and  tributary 
rivers,  by  which  the  trade  of  the  adjacent  country  finds  its  way  to  Wil- 
mington. Bogue  Inlet,  with  6  feet  of  water  on  the  bar,  has  a  good  har- 
bor, which  is  the  outlet  for  the  White  Oak  River.  The  principal  ship 
ping-point  is  the  small  town  of  Swansborough.  New  River  is  a  broad 
estuary,  navigable  as  far  as  Onslow  Court-House,  or  Jacksonville.  Naval 
stores  were  shipped  to  a  considerable  extent  from  this  point  before  the 
war.  The  inlet  is  noticeable  for  the  marine  delta  formed  by  the  sand 
brought  in  by  the  ocean.  The  State  of  North  Carolina  contemplated 
the  improvement  of  the  outlet  in  1851.  The  design  submitted  at  that 
time,  but  never  carried  out,  accompanies  this  report. 

A  subsequent  table  gives  the  distance  between  Norfolk  and  Wilming- 
ton, the  available  depth,  and  remarks  on  the  proposed  route  by  way  of 
the  sounds. 

Main-land, 

Geology. — Having  described  the  formation  and  some  of  the  changes 
which  have  taken  place  in  the  banks  or  cordon  of  outlying  islands 
which  form  the  coast*line  of  Carolina,  and  also  the  dimensions  of  and 
the  changes  which  have  taken  place  in  the  sounds,  I  will  now  describe 
the  physical  character  and  geology  of  the  same  district.  The  geology 
of  the  entire  coast  is  comprised  between  the  Tertiary  and  Quaternary 
formations.  It  consists  of  the  Miocene  and  more  recent  marls.  Enu- 
merating them  in  the  ascending  order,  the  oldest  is  the  greensand,  the 
next  the  Eocene  marl,  and  the  upper  the  Miocene  marl.  Greensand 
marl  is  found  on  the  Cape  Fear  River,  25  miles  above  Wilmington, 
and  on  the  Tar  River.  Its  superior  qualities  as  a  fertilizer  are  well 
known  in  Virginia  and  New  Jersey,  where  it  is  found  in  many  accessible 
positions.  The  Eocene  marl  is  more  generally  distributed  on  the  Caro- 
lina coast.  It  consists  of  white  mart,  comminuted  shells,  and  coral, 
heaped  up  in  a  manner  indicative  of  wave-action  and  lignite-beds,  in- 
cluding graysand  pebbles  and  a  few  layers  of  clay.  Miocene  marl,  or 
shell-marl,  is  composed  of  fragmentary  and  entire  shells  accumulated 
in  banks. 

The  Pliocene  and  Post-pliocene  formations  are  made  up  of  the  peaty 
beds  of  swamps,  shells,  moving  sand,  and  sand-dunes  of  the  beach. 

The  fertilizing  properties  of  these  marls  vary  consid^^rably,  and  some 
of  them  have  to  be  used  very  sparingly.  This  is  particularly  the  case 
with  the  Miocene  or  shell-marls.  The  stone-marl  which  underlies  New 
Berne  and  the  adjacent  country  deserves  mention  for  its  superior  qual- 

*  Under  directions  of  Colonel  Craigliill.        « 
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ity  as  a  building-stone.  There  are  two  varieties :  one  consists  of  shells 
of  1  to  IJ  inches  across,  which  are  firmly  cemented  by  silica.  It  can  be 
•easily  worked  when  first  brought  from  the  quarry,  but  becomes  so  hard 
after  exposure  that  it  can  be  used  for  millstones.  Although  rough  in 
appearance,  it  makes  a  handsome  building-stone,  and  is  as  enduring  as 
^granite.  The  second  variety  is  a  buflf-colored  rock  resembling  oolite. 
Like  the  more  shelly  variety,  it  is  plastic  when  taken  from  the  quarry, 
but  becomes  exceedingly  hard  after  exposure  to  the  atmosphere,  and 
retains  its  power  to  resist  the  weather  for  an  indefinite  period. 

A  knowledge  of  the  substrata  is  of  essential  importance  in  determin- 
ing the  character  of  foundation  for  bridges  and  locks  and  the  practica- 
bility and  permanence  of  canals  or  artificial  channels.  The  following 
records  of  borings  and  excavations  have  semed  to  be  sufficiently  import- 
ant to  be  preserved  for  future  reference : 

NOTES  ON  BOKINGS. 

Eastward  of  the  Chesapeake  in  NorthamptoQ  Coanty,  no  marl  was  reached  by  sev- 
eral borings  at  40  feet  depth. 

Borings  made  at  Fortress  Monroe  by  United  States  Engineer  Department. 

Thick-  Total  depth 

Nature  of  strata.                                                         neas  of  from  sar- 

strata,  face. 

Feet.  Feet. 

Marsh-soil 5^  5  to  6 

Fine  dark  sand »  clean 12^  18 

Angular  light-colored  sand,  containing  coarse  sand,  round  pebbles 

and  mnd '. 10  28 

Sand  and  mnd,  different  layers 12  40 

Some  stone,  sand,  and  mnd 5  45 

Miocene  marl 200  245 

(The  lowest  layer  of  the  last  showed  some  greensand  and  shells ; 
next  hard  stone  full  of  shells,  probably  Eocene.) 

Sandf  bluish  gray,  mixed  with  mud , 16  261 

Same,  fragments  of  sheil-marl,  stone  harder 9  270 

Softer  marl,  sky-blue  color 43  313 

Fossil-shells  or  marine  continuous  deposits  were  224  feet  in  thickness. 
Near  Back  River,  within  a  few  miles  of  these  borings,  the  Miocene  marl  is  found  within 
3  or  4  feet  of  the  surface. 

At  Norfolk  shell-marl  was  reached  at  a  depth  of  40  feet. 

Borings  at  Edenton^N,  C.,(from  notes  furnished  by  Professor  MUchelh) 

Thickness    %P**^ 
Nature  of  strata.  of  strata,    g^^^.^ 

Feet.         Feet. 
Sand 8  8 

Sand,  (different  kinds) 5i  13^ 

Clay 5^  19 

Vegetable  matter,  (probably  peat) 3  22 

Sand 4^  26i 

Blue  clay 2i  20 

Vegetable  matter 4  33 

Clay 9  42 

Gravel i  42^ 

Clay g-gS 

Sand  and  marine  shells o  a't  ^ 

Shell-rock g  "  ^  = 

Sand  and  marine  shells '^S  o^-^  i  ^^  "^^i 

Clay  and  shells a      g* 

Sand  and  shells , Q'S     S 

Clay  and  shells J  o«2 

Sand  and  marine  substances* 3  185^ 

Quicksand 2i  188 

Clay 2  190 

*  The  shells,  brought  up  from  182  feet,  resemble  those  found  in  the  outoroppings  of 
the  marl,  probably  of  the  Miocene  era. 


4i  47 

7i  544 

3  57i 


681  147 

i  147i 

35  182i 
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Clubfoot  and  Harloio^s  Creek  Canal j  (from  Professor  Olmatead^s  report.) 

Total  depth,  16  feet ;  the  several  depths  not  noted. 
1st  layer — Bluish  mold  usually  found  in  the  swamp,  rich  and  peaty. 
2d  layer— Potters'  clay,  yellowish-brown  color. 
3d  layer — This  layer,  of  sand,  full  of  sea-shells  and  fossil  remains  of  mammoths  and 

elephants.    The  shells,  principally  conch,  scallop,  and  clam,  such  as  are 

now  found  near  Cape  Lookout. 
4th  layer — Soft  blue  clay,  said  to  be  the  same  as  in  the  adjacent  ocean. 

Welh  dug  in  the  vicinity  of  Lake  Mattamuskeet  exhibit  the  several  successive  strata f  as 

follows : 

A  well  dug  by  Dr.  Sparrow  on  the  ridge  near  the  lake  exhibited  the  following  strata : 

Character  of  strata.  Thick- Total 

ness.  depth. 

1.  Ordinary  peaty  soil l^ 

2.  Dry  sand,  fine,  wavy  laminss  intermixed  with  peat-sediment 4^  6 

3.  Black  peat  soil,  containing  roots  and  earth  in  places,  changing  to  more 

clayey 4  10 

4.  Clay i        lOi 

5.  Quicksand  on  soft  and  fluid  marsh-mud 

Mr.  Ensly's  well,  the  deepest  near  the  same  ridge,  and  within  a  mile  of  the  last : 

Total. 

1.  7  feet  of  black,  rich,  peaty  soil 7 

2.  2  to  4  feet  fine  sand,  laminated,  <&.c 11 

3.  1  to  3  feet  clayev  marl 14 

4.  4  feet  quicksand 18 

5.  4  feet  blue  clay,  (cutting  like  soap,)  interspersed  with  layers  of  peaty  sedi- 

ment and  some  roots 22 

6.  1  foot  or  more  of  black  peat  earth 23 

The  morning  following,  after  the  well  had  been  dug  to  a  depth  of  23  feet,  it  was  found 
full  of  water. 

Other  wells  dug  at  other  points  give  the  same  strata  with  variable  thickness. 

These  borings  exhibit  the  immediate  presence  of  the  sea  during  the 
Eocene  period,  and  its  gradual  recession  from  the  base  of  the  granite 
cliffs  to  its  present  boundaries.  A  careful  geological  survey  might  even 
determine  the  general  outline  of  the  bays,  sounds,  and  estuaries  which 
at  one  time  formed  a  continuous  but  irregular  sheet  of  water  from  Long 
Island  to  Florida.  Such  investigation  is,  however,  partly  speculative, 
and  I  allude  to  it  because  of  its  relatiou  to  changes  now  in  progress, 
which  should  be  taken  into  consideration  in  devising  an  improvement 
of  the  navigation  as  contemplated. 

Another  branch  of  the  subject,  which  is  also  in  part  speculative,  has 
a  similar  relation  to  practical  questions  of  improvement.  I  allude  to 
the  supposed  depression  or  sinking  of  the  coast.  This  opinion  is  enter- 
tained by  intelligent  observers  and  by  several  geologists.  Professor 
Dana,  in  his  chart  of  the  coast,  indicates  an  area  of  depression  extend- 
ing along  the  coast  of  Georgia.  In  regard  to  smaller  areas  of  depres- 
sion, particularly  along  the  coast  of  Carolina,  I  have  already  given  some 
of  the  arguments  which  are  generally  alleged  by  those  who  entertain 
this  opinion.  1st.  These  are,  first,  the  unusual  depth  of  some  of  the 
rivers,  which  extends  up  to  and  under  the  edge  of  the  banks,  which  are 
quaking  bogs  or  floating  masses  of  vegetation,  as  if  the  bottom  had 
sunk,  leaving  the  light  vegetation  to  float.  2d.  There  are  basins  and 
channels  of  unusual  depth,  such  as  Albemarle  Sound,  Alligator  River, 
&c.,  which  may  be  areas  of  local  depression.  3d.  The  existence,  in 
North,  Chowan,  and  Alligator  Rivers,  and  in  the  estuaries  bordering 
Albemarle  and  Pamplico  Sounds,  of  firmly-rooted  and  imbedded  stumps^ 
10  to  20  feet  below  the  surface  of  the  water.    4th.  In  digging  wells, 
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canals,  aod  ditches,  in  many  parts  of  the  swamps,  the  trunks  of  dead 
and  fallen  janiper  and  cypress  trees,  and  also  stumps,  have  been  found 
at  the  greatest  depth  reached  by  the  peat-formation.  It  is  maintained 
that  the  trunks  could  not  have  floated,  nor  the  stumps  have  settled,  to 
their  present  position,  but  that  they  must  have  grown  on  this  level. 
This  is  the  weak  point  in  the  argument,  and,  as  I  have  had  no  personal 
opportunity  to  examine  the  localities,  I  offer  the  statement  merely  as 
the  opinion  of  intelligent  observers.  5th.  In  further  proof,  the  char- 
acter of  the  substrata,  as  revealed  by  the  excavation  of  wells  in  the 
vicinity  of  Mattamuskeet  Lake,  is  also  cited.  In  these  wells  the  lower 
and  more  ancient  beds  of  peat  are  found  separated  by  beds  of  sand, 
clay,  and  earth.  This  fine  sand  is  found  deposited  in  wavy  lines,  indica- 
tive of  the  action  of  a  gentle  current.  It  is  assumed  that  the  peat  could 
not  have  grown  at  this  level,  and  could  not  have  settled  through  the 
"water,  but  must  have  sunk  by  a  depression  of  the  surface,  and  was 
subsequently  covered  by  the  sand  of  the  estuary.  Depression,  local  or 
general,  rapid  in  some  places  and  slow  in  others,  is  not  improbable,  but 
its  progress  since  the  discovery  of  the  country  has  not  been  demon- 
strated. The  hypothesis,  however,  affords  an  explanation  of  some  of 
the  characteristics  of  the  peatbogs  of  Uyde  County  swamp  and  of  the 
Open-Ground  Savanna  in  Carteret  County. 

Description  of  rivers,  peat-bogs^  and  soil. — The  tract  of  land  between 
Norfolk  and  Wilmington  is  chiefly  a  delta-formation  of  peat- bogs,  swamps, 
and  savannas,  bordered  by  bauds,  and  intersected  by  tongues  and  islets 
of  sandy  and  peaty  soil.  These  swamps  are  locally  called  pocosins^  or 
dismals,  and  are  covered  with  forests  of  gum,  ash,  and  juniper.  They 
usually  occupy  the  higher  levels  between  the  rivers,  and  drain  outward 
in  every  direction,  except  toward  the  north  or  west.  Between  the  Eliza- 
beth River  and  the  southern  border  of  North  Carolina  the  swamp-lands 
cover  an  area  of  nearly  4,000  square  miles.  The  Dismal  Swamp  contains 
an  area  of  about  400  square  miles,  and  lies  partly  in  Virginia  and  partly 
in  North  Carolina.  Lake  Drummond,  which  isin  theceuterof  the  swamp, 
is  19  miles  from  Norfolk.  It  is  intersected  on  the  northern  border  by 
the  Seaboard  and  Roanoke  Railroad,  and  also  by  the  Petersburgh  and 
Richmond  Railroad.  The  Dismal  Swamp  Canal  passes  through  the 
center  of  the  swamp,  and  connects  Elizabeth  River  with  Albemarle 
Sound.  The  canal  is  29  miles  long  and  4  feet  deep,  with  a  summit- 
level,  and  with  locks  90  by  18  feet  in  the  chamber.  The  summit-level  is 
9  miles  long  and  4^  feet  above  the  level  of  the  northern  section.  The 
lockage  to  the  Pasquotank  River,  from  the  summit,  is  20J  feet,  and  from 
the  same  level  to  the  Elizabeth  River  is  21 J  feet.  The  summit-level  is 
fed  by  Lake  Drummond,  which  contains  an  area  of  24  square  miles,  and 
is  26  feet  above  tide.  The  range  of  the  lake  between  the  wet  and  dry 
season  is  about  3  feet.  It  has  been  proposed,  at  a  cost  of  $400,000,  to 
reduce  the  summit-level  and  deepen  the  canal,  but  a  million  of  dollars 
would  probably  be  required  to  bring  the  navigation  to  the  standard  of 
the  Albemarle  and  Chesapeake  Canal.  A  canal  penetrates  the  swamp 
on  the  northern  side,  connecting  Jericho  Creek,  near  Suffolk,  with  Lake 
Drummond.  This  canal  was  projected  by  General  Washington,  who 
was  an  owner  of  part  of  the  stock  of  the  company.  The  canal  was 
originally  12  feet  wide,  4  feet  deep,  and  10  miles  long.  It  has  been 
chiefly  employed  to  transport  cypress  and  juniper  shingles.  The  timber- 
lands  are  very  valuable,  but  are  occasionally  devastated  by  fire.  The 
swamp-lands  which  have  been  reclaimed  and  cultivated  have  generally 
proved  very  fertile,  j)roducing  from  60  to  70  bushels  of  corn  to  the  acre. 
The  soil  of  the  swamp  is  everywhere  covered  with  Sphagnum  palnstrey 
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a  species  of  marsh-moss,  which  grows  with  clusters  of  white  blossoms, 
which  have  been  compared  to  the  heads  of  white  clover.  This  moss 
will  grow  several  feet  beneath  the  water,  and  combines  with  water-lilies 
and  other  aquatic  species  to  make  a  matted  mass  of  vegetation  10  to  20 
feet  in  depth.  The  peat-bogs  are  never  free  from  water,  no  matter  how 
dry  may  be  the  season.  The  reason  of  this  is  evident:  The  general 
level  of  the  country  is  but  little  above  that  of  the  ocean,  and  the  inclina- 
tion tQwartI  the  coast  is  only  1  or  2  feet  to  the  mile.  From  an  examina- 
tion of  wells,  Mr.  McAlpine  found  the  subterranean  water-slope  to  be 
from  2  to  4  feet  per  mile,  according  to  the  season.  The  water,  therefore, 
cannot  be  far  from  the  surface,  which  corresponds  so  nearly"  with  the 
subterranean  water-slope.  The  higher  swamps  are  fed  by  a  level  tract 
to  the  west  and  north  of  them,  as  is  indicated  by  their  drainage. 

Now,  when  it  is  remembered  that  these  peat-bogs  are  in  fact  vast 
sponges  of  living  and  decaying  vegetation,  many  miles  in  extent,  it  is 
easy  to  understand  how  the  water,  suflBcieut  to  supply  evaporation,  is 
continually  drawn  from  the  subaqueous  strata  by  capillary  attraction. 

Swelling  with  water,  the  peaty  growth  expands  its  border  during  the 
rainy  season  until  it  occupies  all  the  vacant  space  of  the  contiguous 
lake  or  fresh-water  sound,  or  oozes  in  small  streams  over  the  adjacent 
and  more  solid  land.  The  bottoms  of  the  bogs  and  lakes  are  found  to  be 
of  nearly  pure  sea-sand.  It  is  the  belief  of  intelligent  residents  and 
observers  that  Laka  Drummond  was  formed  by  the  burning-out  of  a 
peat-bog.  In  proof,  instances  are  cited  of  tracts  which  have  burned  to 
the  depth  of  several  feet  and  have  become  lakes.  But  this  is  true,  not 
of  bogs,  but  of  the  peat-soil  which  is  a  later  condition  of  the  bog-devel- 
opment. Fires  have  frequently  destroyed  the  juniper-timber  of  the 
Bwamps,  and  it  is  not  easy  to  decide  whether  the  burnt  trees  found  in 
this  lake  have  floated  to  their  present  position  or  were  partially  burned 
with  'the  peat-soil  where  they  are  now  found.  It  is  probable  that  the 
trees  would  have  been  totally'  consumed  by  a  fire  which  burned  out  the 
soil  t'O  the  depth  of  Lake  Drummond,  and  it  is  not  sufficient  explanation 
to  cite  the  instances  of  small  lakes  which  have  been  formed  in  burned- 
out  arejis  in  the  cleared  peat-land  of  Hyde  County.  Fire,  which  would 
readily  consume  the  dry  peat-soil,  can  make  no  progress  in  a  peat-bog 
saturated  with  water.  In  the  absence  of  information,  I  would  propose 
as  a  probable  explanation  of  the  existence  of  the  lake,  that  it  may  be  a 
part  of  the  former  sound  or  bay  which  once  extended  from  Chesapeake 
Bay  to  Albemarle  Sound.  The  delta-depositions  and  the  contempora- 
neous growth  of  salt-marsh,  the  consequent  exclusion  of  salt-water  and 
subsequent  growth  of  the  peat-bogs,  are  adequate  to  explain  the  exist- 
ence of  this  lake  and  of  such  lakes  as  are  commonly  found  in  delta- 
formations.  As  familiar  illustrations,  I  would  mention  Lake  Pontchar- 
train,  at  the  mouth  of  the  Mississippi,  and  Lake  Cienega,  at  the  mouth 
of  the  Magdalena,  and  delta-formed  lakes  generally. 

The  process  of  lake-formation  is  traceable  on  the  coast  of  Carolina  as 
follows :  First,  the  barrier-reefs  of  long,  narrow  islands  are  formed  by 
the  action  of  the  winds,  waves,  and  currents  upon  the  shallow  Atlantic 
slope,  forming  bays  and  sounds.  Salt-marshes  next  begin  to  occupy 
the  borders  of  these  waters. 

The  alluvium  of  the  rivers  forms  many  islands;  oyster- rocks  obstruct 
the  channel  and  become  the  nuclei  of  shoals  and  subsequent  marshes. 
The  inlets  are  next  closed  by  storms,  or  by  the  drifting  sand ;  the  water 
becomes  brackish,  and  marine  life  disappears.  The  salt-marshes  now 
become  savannas,  which  rise  above  tide,  and  are  covered  with  grass  and 
a  few  juniper- trees.    By  the  closing  of  inlets  the  water  becomes  fresh, 
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or  nearly  so,  aud  the  Spliagnum  palmtre  and  other  peat-plants  begin  to 
encroach  on  the  sound.  The  peaty  matter  transported  by  currents  closes 
the  mouths  of  the  channels  and  of  the  estuaries,  and  the  water  thus 
secluded  becomes  a  lake,  which  may,  in  the  end,  become  wholly  a  peat- 
bog. These  appear  to  be  the  actual  stages  through  which  the  swamp- 
lands are  now  passing,  and  are  the  more  interesting  as  exhibiting,  on  a 
large  scale,  the  preliminary  process  in  the  natural  formation  of  exten- 
sive coal-beds. 

Upon  the  southern  border  of  the  tract  of  land  between  the  Elizabeth 
River  and  Albemarle  Sound  are  five  rivers,  already  noticed,  (the  North, 
Pasquotank,  Little,  Perquimans,  and  Chowan.)  These  rivers  terminate 
in  wide  and  straight  estuaries,  with  solid  banks.  In  direction  they 
correspond  with  the  drainage  of  the  country,  and,  with  the  exception  of 
the  Blackwater  and  Chowan,  are  due  to  the  erosion  of  the  original  delta. 
The  Blackwater,  on  the  other  hand,  may  have  been  formed  by  the  en- 
croachment of  the  marshes  and  peat-bogs,  somewhat  in  the  same  man- 
ner a«  Lake  Drummond. 

Hyde  County  swamp. — The  peninsula  of  low  and  level  land,  bounded 
on  the  north  by  Albemarle  Sound  and  on  the  south  and  east  by  Pamp- 
lico  Sound,  embraces  the  most  remarkable  portion  of  Swamp-land  in 
North  Carolina.  It  covers  nearly  the  entire  area  of  Washington,  Beau- 
fort, Tyrrel,  Dare,  and  Hyde  Counties,  and  is  stated  by  Professor  Kerr 
to  contain  nearly  3,000  square  miles.  It  is  remarkable  for  the  fertility 
of  its  land,  the  extent  of  its  lakes  and  peat-bogs,  and  for  the  formation 
of  its  rivers  and  bays.  The  land  about  Mattamuskeet  was,  perhaps, 
rudely  cultivated  by  the  Indians  when  Amadas  visited  the  city  of 
"Pomeiock,"  in  1584.  Since  the  settlement  of  the  country  it  has  been 
under  continual  cultivation  for  one  hundred  years,  and  still  produces, 
without  the  the  aid  of  manure  or  fertilizers,  60  to  70  bushels  of  corn  to 
the  acre.  The  best  land  is  on  the  northwestern  border  of  the  lake,  and 
lies  about  7  feet  above  tide-water.  The  land  declines  from  the  lake 
toward  the  sound  and  the  swamps.  Good  land  usually  brings  from  $75 
to  $100  per  acre.  Lake  Mattamuskeet,  when  first  visited  by  Amadas 
and  Lane,  (1584-'85,)  was  from  20  to  22  miles  long  and  8  feet  deep.  It 
was  then  called  Paquique,  It  has  frequently  overflowed  its  banks,  aud 
the  consequent  loss  and  distress  became  so  great  that,  in  1838,  the  State 
of  North  Carolina  appropriated  a  sum  for  cutting  a  canal  from  the  lake 
to  Wysocking  Bay,  on  Pamplico  Sound. 

The  dimensions  of  the  lake  have  been  reduced  by  draining  to  16  miles 
in  length  and  5  miles  in  width  and  4  feet  in  depth.  The  hard  beach 
laid  bare  around  the  lake  was  composed  almost  wholly  of  sea-saud. 
The  theory  of  intelligent  residents  is,  that  the  area  now  occupied  by  the 
lake  was  originally  solid  peat-land,  but  was  subsequently  burned  out  by- 
fire  to  its  present  depth.  They  assert  that  numbers  of  burnt  logs  and 
stumps  are  found  in  the  bottom  of  the  lake.  They  point  out  a  stratum 
of  ashes  beneath  a  foot  of  soil  which  is  visible  along  the  ditches  on  the 
border  of  the  lake.  They  will  also  exhibit  localities  where,  after  the  soil 
has  been  burned  to  the  depth  of  several  feet,  the  space  has  been  occupied 
by  water.  The  proofs  are  of  the  same  kind  as  those  offered  to  account 
for  Lake  Drummond.  There  is,  however,  this  difference  between  the 
two  lakes :  Lake  Drummond  occupies  the  center  of  a  bog,  aud  Matta- 
muskeet  is  surrounded  by  a  belt  of  solid  peat-land.  On  this  theory,  there- 
fore, Lake  Drummond  must  be  the  relic  of  a  large  and  more  ancient  lake, 
which  has  since  become  a  peat-bog;  if  formed  by  fire,  it  must  have  been 
of  solid  peat  soil  nearly  free  from  moisture.  The  proof  of  the  fire  theory 
is,  as  I  have  said,  insufficient,  and,  although  plausible,  is  not  essential 
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to  the  explanation  of  the  existence  of  these  lakes.  Lake  Mattamuskeet 
is  always  muddy,  and  holds  in  suspension  a  large  amount  of  peaty  sedi- 
ment. Two  islands  have  been  formed  in  the  lake  in  the  last  fifty  years, 
which  cover  areas  of  100  and  of  75  acres,  respectively.  The  peaty-mat- 
ter, sphagnum-moss,  water-lilies,  and  other  aquatic  plants  have  almost 
choked  the  canal  for  draining,  and  have  filled  a  large  part  of  Wysocking 
Bay,  into  which  it  empties.  The  fertility  of  the  land  upon  the  border 
of  the  lake  is  so  marked  that  several  theories  have  been  suggested  to 
account  for  it.  Col.  D.  M.  Carter  supposes  that  after  the  fire  the  water 
was  strongly  impregnated  with  the  alkali  of  the  ashes,  and,  leaching 
through  the  soil,  neutralized  the  acid,  which  is  generally  in  excess  in 
marsh-soils.  This  theory  is  certainly  ingenious.  The  fertility,  however, 
may  also  be  explained  by  the  deposit  from  the  ordinary  overflow  of  the 
lake,  which  has  raised  the  bank  along  the  border. 

North  of  Lake  Mattamuskeet,  and  near  the  middle  of  the  tract  under 
consideration,  are  three  smaller  lakes,  called  Scuppernong,  Pungo,  and 
Alligator.  Lake  Scuppernong,  the  largest,  is  7^  miles  long  and  4  wide. 
It  is  from  8  to  14  feet  deep,  and  has  a  range  varying  from  1  to  4  feet. 
A  company  was  formed  by  Josiah  Collins  in  1770  for  the  purpose  of 
draining  it.  Thirty  thousand  dollars  were  spent  in  making  a  cut  to  the 
Scuppernong  River.  The  descent  of  the  canal  is  about  18  or  19  feet. 
In  1840  an  examination  was  made  of  the  swamp  between  Alligator  and 
Pungo  Lakes  by  two  eminent  engineers,  Walter  Gwynn  and  Charles  B. 
Shaw.  A  system  of  canals  and  ditches  was  devised  by  them,  which 
were  led  south  into  Pungo  River.  The  State  expended  $200,000  in  these 
operations. 

I  have  already  spoken  of  the  natural  processes  which  may  have  given 
to  the  Scuppernong,  the  Alligator,  and  Chowan  Rivers  their  character- 
istic features,  by  which  they  differ  in  a  marked  degree  from  North, 
Pasquotank,  Little,  and  Perquimans  Rivers,  situated  on  the  north  side 
of  Albemarle  Sound.  The  Alligator  River,  however,  deserves  especial 
mention.  Amadas  called  it  "  the  great  river  Occam."  It  may  be  roughly 
estimated  as  navigable  for  55  miles.  For  the  first  25  miles  from  Albe- 
marle Sound  it  is  nearly  straight,  and  has  a  width  varying  from  2  to  3 
miles  and  a  depth  of  from  10  to  15  feet.  The  upper  part  is  tortuous, 
narrow,  and  from  10  to  35  feet  deep.  This  depth  extends  under  the  bor- 
dering fringe  of  aquatic  vegetation,  and  this  in  turn  is  bordered  by  a 
quaking- bog,  at  presenj;  covered  sparsely  with  small  juniper  trees,  which 
increase  in  number  and  give  place  to  cypress  and  gum  as  the  bog  be- 
comes higher. 

A  short  canal  through  the  more  solid,  dry,  and  elevated  land  (under 
cultivation)  enables  the  steamer  to  reach  Fairfield.  The  material  exca- 
vated from  this  canal  was  composed  of  matted  roots  and  black  loamy 
earth,  which  floats  in  the  water  when  dry,  and  readily  burns  when  thrown 
into  the  fire.  The  spongy  mass  of  mud  along  the  border  shrinks  and 
disappears  on  exposure  to  the  atmosphere.  The  cut-offs  through  this  mass 
of  vegetation  were  made  with  a  crosscut-saw,  blocks  being  floated  away 
after  being  sawed.  The  attachment  of  this  vegetation  to  the  firmer  bog 
is  so  slight  that  portions  are  separated  by  the  waves  made  by  the 
steamer,  and,  floating  in  the  channel,  become  the  center  of  large  accu- 
mulations. The  current  of  the  river  is  due  chiefly  to  the  effect  of  the 
winds  in  Albemarle  Sound.  I  have  called  attention  more  particularly 
to  this  river  as  exhibiting  the  difference  between  the  rivers  on  the  south 
from  those  on  the  north  of  the  sound.  The  latter  rivers  are,  with  the 
exception  of  the  Chowan  and  its  head,  marked  by  erosion.  The  Alliga- 
tor River  appears  to  be  wholly  formed  by  the  growth  and  encroachment 
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of  the  marshes,  peat-bogs,  and  alluvial  sediuieot  which  has  gradually 
excluded  the  waters  of  the  sound.  If  the  process  of  formation  can  be 
expressed  by  a  word,  it  may  be  called  a  river  of  exclusion  as  opposed  to 
a  river  of  erosion.  It  has  been  suggested .  that  a  cut  of  thirty  miles 
may  be  made  to  unite  Alligator  and  Pamplico  Kivers,  which  would 
shorten  the  distance  to  New  Berne  and  Washington.  It  is  also  urged 
that,  by  means  of  such  a  canal,  the  winds  of  Pamplico  Sound  could  be 
avoided.  These  advantages  are  unquestionable,  but  the  cost  of  such  a 
canal  must  be  weighed  against  the  present  unobstructed  navigation  of 
the  sound. 

The  soil  of  Hyde  County  is  evidently  the  result  of  the  decomposition 
of  peatbogs.  It  is  black  and  loamy  ;  much  of  it  is  reduced  to  an  im- 
palpable powder,  which  penetrates  the  clothes  and  boots  of  the  pedes- 
trian. It  is  kept  under  cultivation  by  a  system  of  ditching,  which  is  as 
necessary  to  a  good  crop  as  plowing.  The  soil  has  been  carefully 
analyzed  by  Professor  Emmons  and  Major  Graham,  of  Lexington  Mili- 
tary Institute.  This  analysis  is  very  interesting  as  indicating  the 
amount  of  vegetable  matter  in  the  soil  of  the  swamp-lands. 

Organic  matter 
in  100  parts. 

1.  Soil  of  Dismal  Swamp,  Virginia,  under  gum  and  cypress  forest,  with  some 
juniper,  2  feet  under  the  surfiice,  near  the  Norfolk  and  Petersburgh  Railroad.        0  48 

2.  Soil  from  gam  and  cypress  land  near  Lake  Mat  tarn  uskeet,  fifteen  years  afcer 
cultivation 21. 11 

3.  Swamp-land  of  J.  Collins,  near  Lake  Scuppernong,  under  cultivation  twenty- 
four  years 33.38 

4.  Clay  subsoil 7.91 

5.  Scuppernong  Lake,  land  of  Mr.  Pettigrew,  under  tillage  fifteen  years,  takeu 

at  a  depth  of  12  inches • 41.31 

6.  Same  land,  second  year's  tillage,  15  inches  deep (51.66 

7.  Same  laud,  under  forest  growth,  12  to  15  inches  deep 65.68 

8.  Same  land',  clay  subsoil,  2  feet  under  surface 5. 28 

9.  Scuppernong.     C.  Pettigrew,  newly  drained  and  cleared  of  forest 67.00 

After  an  examination  of  a  number  of  analyses,  I  find,  in  addition  to 
organic  matter,  that  they  are  composed  of  from  60  to  65  per  cent,  of 
soluble  and  insoluble  silica,  together  with  small  quantities  of  iron,  lime, 
potash,  soda,  magnesia,  and  aluminum.  I  have  been  more  full  in 
describing  this  peninsula  because  it  possesses  all  the  characteristics  of 
the  swamplands  in  a  marked  degree,  and  illustrates  the  prelimiaary 
stage  of  the  formation  of  a  coal-bed. 

The  remaining  portions  of  the  district  under  consideration  can  be 
described  more  briefly.  Bay  River  Swamp,  which  lies  between  the 
Pamplico  and  Neuse  Rivera,  contains  from  30  to  40  square  miles. 
Dover  Swamp,  between  the  Neuse  and  the  Trent  Rivers,  contains  about 
40  square  miles;  it  is  remarkable  for  the  elevation  of  its  surface, 
which  is  60  feet  above  the  Neuse  and  Trent  Rivers.  Southwest  of 
Pamplico  Sound  is  a  swamp  separated  into  two  portions  by  four  or  five 
lakes.  The  northwestern,  or  high  part,  is  called  White  Oak  Swamp, 
and  is  between  33  and  38  feet  above  tide.  The  southeastern  or  lower 
portion  is  between  the  Neuse  and  Core  Sound.  It  is  called  Open  Ground, 
Prairie,  or  Savanna.  Repeated  fires  have  left  it  nearly  destitute  of  trees. 
The  highest  point  is  about  12  feet  above  tide.  The  State  attempted  to 
reclaim  the  land  by  draining  in  1855.  Mr.  Edward  Ruffin,  who  visited 
the  work,  found  the  surface  of  the  swamp  dry,  but  soft  and  spongy: 
the  upper  layer  for  about  2  feet  he  states  to  be  a  mass  of  matted  roots 
which,  after  exposure  for  a  year,  iiad  retained  tbeir  woody  texture. 
The  dry  sods  were  light  enough  to  float  like  cork.  "Below  this  layer 
was  one  of  1 J  feet,  which  seemed  to  be  rich  black  soil  almost  free  from 
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roots.  Dry  lumps  of  this  layer,  when  thrown  into  the  water,  would 
immediately  rise  and  float.''  Below  this  layer  he  found  a  subsoil  of 
nearly  pure  sand. 

Clubfoot  and  Harlow  Canal. — Near  the  west  end  of  this  savanna  a 
canal  has  been  proposed  to  unite  the  waters  of  the  Neuse  River  with 
Beaufort  Harbor.  The  distance  from  Kew  Berne  to  the  sea  by  way  of 
Ocracoke  Inlet  will  be  very  much  shortened,  and  the  tortuous  and  intri- 
cate channel  of  Core  Sound  will  be  avoided  by  vessels  bound  for  Beau- 
fort. About  the  year  1820  the  State  engineer,  Hamilton  Fulton,  proposed 
to  cut  a  canal  between  the  two  creeks  with  a  bottom  width  of  14  feet, 
a  depth  of  4  feet,  and  side-slopes  of  1^  to  1.  As  the  water  in  Clubfoot 
Creek  was  about  2  feet  above  low-water  in  Harlow  Creek,  he  proposed 
a  guard-lock.  He  also  states  that  the  cutting  in  some  places  would  be 
0  [eet  above  the  surface  of  the  water.  This  canal  was  subsequently  con- 
structed, with,  it  may  be  presumed,  the  proposed  dimensions. 

The  distances  by  this  route  are  as  follows : 

Milca. 

From  Neuse  River  along  Clabfoot  Creek  to  the  canal 4 

Canal  to  Harlow  Creek 'S^ 

Harlow  Creek  to  Newport  River 3^^ 

Month  of  Harlow  Creek  (through  Newport  River)  to  9  feet  water  in  Beaufort 

Harbor 2| 

Total 13 

The  canal  has  not  been  used  for  many  years,  and  has  become  nearly 
filled  with  sand  and  mud.  Its  depth  varies  from  1  to  2  feet,  A  map  of 
it  accompanies  this  report. 

Of  the  cost  of  a  cut  or  canal  on  this  line,  as  no  surveys  have  been 
made  by  me,  I  am  unable  to  give  a  detailed  estimate,  but  in  order  to 
enable  an  opinion  to  be  formed  of  its  probable  cost  I  have  made  an  ap- 
proximate estimate  of  a  cut  40  feet  wide,  with  slopes  of  2  to  1 : 

For  cntting  the  canal,  dredging  the  approaches,  and  constructing  a  tide-lock 
220  by  40  feet  iu  the  chamber,  the  approximate  cost  would  be $411, 000 

This  canal  has  been  proposed  as  a  substitute  for  the  improvement  of 
Core  Sound. 

,  Two  other  swamps  remain  to  be  noticed;  these  are  called  Angola 
Bay  and  Holly  Shelter.  Both  lie  east  of  the  northeast  branch  of  the 
Cape  Fear  River,  and  contain  together  about  150  square  miles.  An 
isthmus  of  low  but  dry  land  separates  these  swamps  into  two  nearly 
equal  portions.  The  line  of  survey  ran  over  this  isthmus,  the  highest 
point  of  which  is  23  feet  above  tide.  The  swamps  all  drain  through  it, 
and,  like  all  the  pocosins  of  this  region,  seem  to  be  highest  in  the  center. 

As  I  have  already  described  the  characteristics  of  these  remarkable 
peat-bogs,  composed  of  matted  roots  of  sphagnum  moss  and  other 
aquatic  vegetation,  I  will  now  close  my  description  at  the  limit  of  my 
survey  on  the  banks  of  the  northeast  branch  of  Gape  Fear  Kiver. 

SURVEY   OP   THE   COA.ST  LINE   FROM   HEAD   OP    CORE    SOUND   TO  WIL- 
MINGTON, N.  C. 

The  survey  party  was  organized  with  Mr.  A.  K.  Michler,  assistant 
engineer,  in  immediate  charge,  and  Messrs.  J.  Heth  Harrison  and  Thomas 
S.  Flood,  assistants,  with  a  sufficient  number  of  recorders,  sounders,  and 
boatmen.  As  a  good  navigable  channel,  affording  not  less  than  from  6J 
to  7J  feet  of  water,  can  be  carried  from  Norfolk  through  the  intermedi- 
ate rivers,  canals,  and  sounds  as  far  as  Harbor  Island,  at  the  head  of 
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Core  Sound,  a  distance  of  158J  miles,  the  survey  was  commenced  at 
Harbor  Island  Bar.  The  following  table  gives  the  distances  and  depths 
up  to  this  point : 


Waters. 


Elizabeth  Biver,  Norfolk,  to  Albemarle  and  Chesapeake  Canal 

locks. 
Albemarle  and  Chesapeake  Canal  from  Elizabeth  Kiver  to 

North  Landing  Kiver. 

North  Landing  River  from  canal  to  mouth 

CurritQck  Sound  from  mouth  of  North  Landing  River  to  North 

Carolina  Canal. 

North  Carolina  Canal 

North  River,from  canal  to  mouth 

Croatan  Sonnd,  from  light  to  Roanoke  Marsh  light 

Pampiico  Sound,  from  Roanoke  Marsh  light  to  Harbor  Island 
light. 

Total  distance 


Distances. 

Draught. 

Miles. 

124 

84  feet. 

H 

N.  W.  wind,  6i  feet;  S.  E. 

-wind,  74  feet. 

IH 

9  feet. 

12* 

N.  W.  wind,  6.3  feet ;  S.  E. 

wind,  7  feet. 

54 

7  to  9  feet. 

12 

10  feet,  except  nt  mouth. 

which  has  7  to  8.   • 

12i 

8  feet. 

6'i 

138* 

1 

The  following  detailed  description  of  the  route  is  condensed  from  Mr. 
Michlet's  report : 

Core  Sound. — ^The  purpose  of  the  examinations  in  Core  Sound  was  to  verify  the  charts 
of  shonls  deduced  from  surveys  made  under  the  direction  of  Col.  James  Kearney  iu 
1637,  and  subsequently  hy  the  United  States  Coast  Survo}',  in  1866.  The  shoals  exam- 
ined and  the  results  of  the  examinations  are  asjbllows : 

Harbor  Island  Bar:  This  bar  is  formed  at  th'e'entrauce  of  Core  Sound  from  Pamlico 
Sound.  A  thorough  examination  verified  the  existing  chart  in  every  particular.  The 
borings  on  the  bar  proper  showed  the  bottom  to  be  hard,  fine,  white  sand.  In  the 
deeper  water  the  material  brought  up  was  a  sticky  binck  mud.  ^  The  least  depth  of 
water  in  the  channel  on  the  bar  is  5  feet.  A  cut  iu  the  line  of 'the  present  channel 
would  probably  remain  open,  the  compactness  of  the  material  forming  the  bar  on  the 
north  of  the  cut  protecting  it  from  the  action  of  the  hurtful  winds.  The  length  of  the 
cut  would  be  about  three-quarters  of  a  mile. 

Drum  Shoal :  Drum  Shoal  is  located  34^  miles  below  Harbor  Island  light-house.  A 
comparison  of  its  present  condition  with  that  at  the  time  of  the  former  survey  shows 
no  differences  to  exist.  As  with  Harbor  Island  Bar,  the  borings  showed  hard  sand  on 
the  shoal  and  sticky  mud  iu  the  deeper  water.  The  least  depth  on  the  bar,  in  the 
channel,  is  n  feet.    The  requisite  cut  would  be  about  a  mile  and  a  quarter  in  length. 

Piney  Point  Shoal:  This  shoal  is  14^  miles  below  Drum  Shoal.  There  has  been  no 
change  in  the  depth  of  the  water  over  the  shoal  since  the  last  survey.  A  cut  was  com- 
menced some  years  ago  to  shorten  the  length  of  the  channel,  but  was  never  completed. 
The  portion  cut  has  remained  unaltered.  The  material  is  hard  sand  and  sticky  mud , 
distributed  in  the  same  manner  as  on  preceding  shoals.  The  least  depth  of  water  on 
the  shoal  is  4  feet.    The  cut  through  would  be  about  2^  miles  in  length. 

Yellow  Shoal :  Is  situated  7  miles  below  Piney  Point.  The  distance  between  the  8 
foot-curves  is  3^  miles.  The  least  depth  of  water  in  the  channel  is  4^  feet.  The  depth 
of  water  at  the  time  of  the  last  survey  has  been  maintained,  and  our  borings  showed 
the  same  bottom,  hard  sand  and  sticky  mud. 

Bell's  Point  Shoal :  Thin,  the  last  of  the  troublesome  shoals  of  Core  Sonnd,  is  located 
2  miles  below  Yellow  Shoal  and  due  south  of  BelPs  Point.  It  is  tive-eighths  of  a  railo 
long,  and  probably  but  a  continuation  of  Yellow  Shoal.  The  examination  proves  no 
changes  to  have  taken  place  since  the  last  survey.  The  least  depth  of  water  is  5  feet. 
The  material  is  hard  sand  and  sticky  mud. 

Generally,  there  is  no  tide  in  Core  Sound,  the  level  of  the  water  being  raised  or 
lowered  by  the  wind,  south  and  west  winds  depressing  it  and  north  and  east  winds 
raising  it.  The  examinations  were  made  at  a  time  when  the  wind  had  prevailed  from 
the  southwest  for  six  weeks.  From  a  comparison  of  the  present  conditions  of  the 
shoals  with  the  old  charts,  it  is  evident  that  the  accretions,  if  any,  are  slow!  It  is 
therefore  probable  that  cuts  through  the  shoals  would  be  lasting. 

In  the  hydrographic  reconnaissance  of  the  sounds,  from  Beaufort  to  the  most  practi- 
cable point  from  which  to  join  them  with  the  waters  of  the  Cape  Fear  River,  near 
Wilmington,  the  maps  of  the  topographical  surveys  made  by  the  United  States  Coast 
Survey,  from  1^56  to  ld73  were  used  in  the  location  of  lines  of  soundings.  In  the  wido 
portions  of  the  sounds,  three  parallel  lines  of  soundings,  100  feet  apart,  were  run 
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in  the  direction  of  the  channel,  as  pointed  out  by  an  experienced  sound-pilot,  and 
croBs-liues  from  shore  to  shore  were  run  where  it  was  considered  necessary  in  order  to 
determine  the  general  contour  of  the  bottom.  In  the  narrower  portions  only  one  or 
two  lines  were  rnn,  according  to  the  width.  The  tidal  observations  were  rather  unsatis- 
factory, having  been  made  irregularly  at  different  anchorages  or  camps.  The  results 
given  are  the  means  of  the  few  days'  observations  taken  at  the  different  points. 

Bogue  Souvd. — Bogue  Sound  extends  from  Beaufort  Harbor  to  New  Kiver  Inlet.    For 
20  miles  below  Morehead  City  the  sound  is  broad  bnt  shallow.    Numerous  shoals  are 
discovered  whose  positions  are  said  to  be  constantly  shifting ;  but  the  depth  of  the  best 
water  upon  them  has  not  perceptibly  altered  during  the  last  thirty-five  years.     For  5f 
miles  below  Morehead  City  wharf  a  depth  of  8  feet  at  low  water  can  be  obtained;  for 
the  next  half  mile,  7-^  feet.    It  then  shoals  up  considerably,  varying  in  depth  from  2  to 
5  feet,  to  beyond  Goose  Creek  Shoal — 20  miles  from  Morehead.    The  bottom  is  gene- 
rally hard  saud.    A  short  distance  beyond  Goose  Creek  Shoal  the  marehes  begin.    The 
water-way  is  divided  into  numerous  sloughs  and  bays,  and  the  sound  becomes  a  marsh 
int<irsected  by  a  net-work  of  channels.    From  the  shoal  the  water  deepens  to  an  aver- 
age depth  of  6^  feet  to  the  marshes,  and  into  Burthen  Channel  for  a  distance  of  3^ 
miles.    Taking  the  most  direct  route  to  Swansborongh,  we,  at  this  point,  leave  Burthen 
Channel,  which  enters  Bank  Channel,  and  take  a  slough  50  yards  wide  and  1  mile  long, 
leading  into  Main  Channel.    Average  depth  in  slough,  2^  feet.    We  then  follow  Main 
Channel,  which  has  an  average  depth  of  t>^  feet,  for  1^  miles,  to  Swausbordugh.    The 
mean  rise  and  fall  of  the  tides  during  the  time  of  observations  was  3.2  feet.     It  was 
too  stormy  to  iniake   an  examiuation  of  the    bar  at  Bogue   Inlet   during  the  stay 
of  the  party  in  the  locality.    It  is  claimed  to  have  a  depth  of  6  feet  at  low-water 
over  it.     From  Bogue  Inlet  to   Cape  Fear  River  the  saud- banks — the  only  barrier 
between  the  sounds  and  the   ocean — become   much  lower  and  naiTower.    In  times 
of  storms  the  waves  are  dashed  over  and  through  them  by  the  hurricanes,  the  sand 
is  carried  by  sea  and  wind  into  the  sounds,  deposits  are  made  at  the  meeting-points 
of  the  tides  from  the  numerous  inlets  with  which  the  coast  is  indented,  and  com- 
munication at  mean  tide  even  is  often  closed.    The  bars  and  shoals  become  the  bases 
of  salt-marshes,  and  their  accumulation,  which  is  progressive,  encroaches  upon  the 
channels,  and  year  by  year  they  are  becoming  closed.    From  Swansborongh,  following 
the  channel  to  the  west  of  Hoggin's  and  Dudley's  Islands,  a  depth  of  8  feet  can  be 
obtained  as  far  aa  to  the  eutrance  of  South  Cow  Channel,  the  only  entrance  at  low- 
water  communicating  with  the  succeeding  sloughs  leading  to  New  River  Inlet.    An 
extensive  shoal  bars  this   eutrance,  save  a  very  narrow  passage  running  between 
its  northern  point  and  the  adjacent  marsh.     Through   this  passage  and   for  three- 
fourths  of  a  mile,  only  3  to  7  feet  is  found,  but  the  remainder  of  the  distance  to  Bear 
Inlet — 2i  miles — carries  a  depth  of  from  8  to  14  feet.    The  depth  of  water  over  the 
bar  at  Bear  Inlet  at  low-water  is  5  feet.    The  tide  rises  4  feet.     From  Bear  Inlet  the 
Bank  Channel  is  wide  and  straight  for  a  distance  of  If  miles,  with  a  depth  of  between 
7  and  8  feet.    Here  the  communicating  slough  becomes  narrower  and  tortuous,  the 
islands  become  more  numerous,  and  the  deptn  of  water  varying  at  nearly  every  cast 
from  2  to  8  feet  until  Brown's  Inlet  is  reached.    The  bottom  is  as  changeable  as  the 
depth,  being  either  hard  sand,  soft  saud,  mud,  or  oyster-rock.    There  is  no  channel 
over  the  bar  at  Brown's  Inlet.    The  shoals  within  have  changed  and  increased  a  great 
deal  since  the  former  survey.    The  tide  rises  5|  feet  at  the  inlet,  but  this  rise  decreases 
rapidly  as  we  pass  into  the  creeks.    It  was  stated  by  an  old  fisherman  met  here,  that 
to  his  knowledge  the  banks  had  washed  back  bO  yards  in  the  past  twenty-Jive  yearSj  the 
distance  being  determined  by  some  trees  felled  by  his  father  which  had  never  been 
moved.    Also,  that  the  depth  of  the  water  in  the  creeks  had  decreased  some  2  feet  in  the  last  ten 
years.    He  remembered  a  storm  thai  had  except  the  sea  over  the  banks,  and  inundated  not  only 
the  marsheSf  but  also  the  main  land  and  for  some  distance  back.     The  banks  here  become 
extremely  low  and  narrow,  the  distance  to  the  main-land  less,  and  the  continuous 
Blough  so  intercepted  by  others  and  so  circuitous  and  narrow,  (at  pLices  barely  10  feet 
in  width,)  that  the  finding  of  a  continuous  channel  is  a  difficult  task.    To  the  meeting- 
point  of  the  tides,  called  ''  the  Crooks,"  2|  miles  from  Brown's  Inlet,  the  depth  varies 
from  2  to  5  feet.    From  the  sand-bar — bare  at  low-water — formed  here,  the  depth 
varies  from  zero  to  2  feet  to  nearly  the  northerly  point  of  New  River  Inlet.    The  depth 
of  water  over  the  bar,  from  the  quicksand  formation,  varies  considerably  as  the  wind 
prevails  from  different  directions.    It  has  been  known  to  have  been  cut  out  to  a  depth 
of  15  feet  under  the  influence  of  a  northeast  storm,  but  to  return  in  a  few  days  to  its 
mean  depth.    At  the  time  of  the  examination  an  extremely  low  tide,  3^  feet,  was 
found.    The  rise  and  fall  of  the  tide  at  the  inlet  was  1.8  feet.    From  New  River  Inlet  to 
off  Swan's  Point — 2  miles — the  depth  varies  from  5  to  20  feet.    Bottom  hard  sand, 
quicksand,  mud,  and  oyster-rock. 

Stump  Sound. — Entering  this  sound,  we  cross  Chadwick's  Bay,  1^  miles  wide,  with  a 
depth  of  from  1  to  3  feet.  From  here  an  intricate  slough,  having  a  depth  of  from  0.5  to 
3  feet,  leads  to  Alligator  Bay,  *^  miles  distant.  From  the  entrance  of  Alligator  Bay  to 
Sloop  Poinfthere  is  no  tide.    The  bottom  is  generally  soft  mud  interspersed  with  beda 
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of  oyster-rock.  As  tbe  site  of  what  was  Stamp  Inlet  is  neared,  some  deposits  of  hard 
sand  are  met  with — probably  tbe  remains  of  silt  carried  in  when  the  inlet  was  open. 
The  distance  across  Alligator  Bay  is  li  miles ;  depth  of  water,  2  to  4  feet.  With  Alli- 
gator Bay,  the  proportion  of  water  to  marsh  becomes  greater  until  site  of  Stump  Inlet, 
9  miles  from  the  bay,  is  reached.  The  depth  varies  from  1  to  5  feet ;  average  about  2 
feet.     Stump  Inlet  is  entirely  closed  and  banked. 

Topsail  Sound. — ^To  Sloop  Point,  H  miles,  the  depth  varies  from  1  to  6  feet.  From 
Sloop  Point  the  commnnication  south  is  by  the  Bank  Channel.  The  marsh  islands 
again  become  larger  and  the  waters  more  concentrated.  Four  and  a  half  miles  from 
Sloop  Point  is  New  Topsail  Inlet,  and  7|  miles  Old  Topsail  Inlet.  The  depth  of  water 
to  them  varies  from  5  to  12  feet.  New  Topsail  Inlet  has  the^reatest  depth  of  water  on 
the  bar  of  any  examined,  having  8  feet.  The  rise  of  tide  is  2.9  feet.  Old  Topsail  Inlet 
is  entirely  closed.  From  Old  Topsail  to  Rich  Inlet,  3f  miles,  an  average  depth  of  6  feet 
can  be  obtained.  Tbe  inner  shoals  at  Rich  Inlet  have  increased  greatly  since  the  last 
survey.  The  depth  of  water  over  the  bar  is  2^  feet ;  rise  of  tide,  3  feet.  Five  and  one- 
half  miles  below  Rich  Inlet,  a  new  inlet,  called  Queen  Inlet,  washed  in  seven  years  ago. 
It  has  1^  feet  of  water  on  the  bar.  The  depth  attainable  from  Rich  to  Queen  Inlet 
averages  3  feet. 

Middle  Sound. — From  Queen  to  Barren  Inlet,  1|  miles,  the  depth  averages  9  feet. 
Four  years  ago  the  banks  to  the  sonth  of  Barren  Inlet  were  broken  through,  and  a  new 
inlet  made.  This  later  opening  has  been  called  Sandy  Inlet.  It  has  1  foot  of  water  oa 
the  bar,  but  is  said  to  be  fast  tilling  up.  The  depth  over  the  bar  at  the  old  opening  ia 
4  feet ;  the  rise  of  tide  is  3  feet.  From  Barren  Inlet  to  Masonborough  Inlet  is  3f  miles. 
The  average  depth  for  the  first  2^  miles  is  5^  feet,  and  for  the  remainder  of  the  distance, 
from  8^  to  13  feet.     The  bottoms  in  all  the  Bank  Channels  are  hard  sand. 

Masonborough  Sound. — The  depth,  8^  to  13  feet, continues  for  1^  miles  beyond  Mason- 
borough  Inlet,  and  then  gradually  decreases  to  1  foot  at  the  mouth  of  Hewlet's  Creek, 
distant  3f  miles  from  the  inlet,  the  point  selected  as  the  commencement  of  the  land-line 
across  to  Cape  Fear  River.  The  depth  of  water  over  Masonborough  Bar  is  4^  feet ;  the 
rise  of  tide  is  3|  feet.  The  shoals  within  are  continnally  shifting.  It  is  said  by  old. 
residents  that  the  ocean  beach  has  washed  back  one-eighth  of  a  mile  during  the  last  ttoentif 
years. 

HeicleVs  Creek  to  Cape  Fear  Hirer. — From  its  mouth  Hewlet's  Creek  is  followed  for  a 
distance  of  If  miles.  Leaving  tbe  creek  here,  the  line  takes  nearly  a  due  west  course 
across  tbe  sand-ridge  for  a  distance  of  3^  miles  to  Greenfield  Creek.  Greenfield  Creek 
is  then  followed  to  its  mouth,  a  distance  of  1^  miles.  The  mouth  of  the  creek  is  five- 
eighths  of  a  mile  below  Wilmington.  Tbe  intermediate  country  is  a  sand  formatioa  ; 
its  growth,  Pinus  palustrif  with  some  little  oak  and  cypress.  The  highest  point 
traversed  was  68  feet  above  low-water,  in  Hewlet's  Creek.  Difference  of  levels  of  low- 
water  in  Hewlet's  and  Greenfield  Creeks,  0.02  foot. 

Generally,  in  addition  to  the  continuous  channel-line,  examinations  of  the  various 
creeks  leading  to  tbe  main-land  were  made,  and  showed  that  most  of  them  becaiuo 
bare  at  low  water  at  short  distances  from  the  main  channels.  The  inlets  are  said  to 
frequently  change  their  positions  from  north  to  south,  and  vice  versaj  as  acted  upon  by 
difl'erent  winds.  Winds  from  the  north  and  east  have  the  most  influence.  The  height 
of  tbe  tides  in  the  creeks  varies  with  tbe  wind.  Tbe  numerous  sloughs  by  their  meet- 
ings make  extensive  deposits.  At  several  points  the  tide  was  noticed  running  in  four 
difl'erent  directions — where  the  last  of  tbe  ebb  from  three  of  the  sloughs  met  the  young 
flood  from  a  fourth,  at  the  point  where  the  three  met  to  form  the  fourth.  Wherever 
the  action  of  the  tide  was  felt  to  any  extent,  sand  was  found  on  the  bottom,  and  gen- 
erally changed  to  mud  at  points  where  good  reasons  could  be  found  for  its  ces!4atiou  of 
transportation  and  deposit.  The  banks  are  a  system  of  hills  and  hollows  made  by  the 
winds  from  the  ocean.  Tbe  party  were  made  aware  of  this  influence  by  the  piles  of 
sand  heaped  up  on  the  windward  side  of  the  fishermen's  huts,  and  being  covered  with 
sand  in  the  morning  when  they  had  slept  on  these  hills. 

The  following  table  gives  the  ititermediate  and  total  distances  from 
Norfolk  to  Wilmington,  togethei  with  depths  of  water  and  remarks  oa 
the  navigation : 
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Table  of  distances  between  Norfolk,  VH;  and  Wilmington,  N.  C,  via  the  sounds  of  North 

Carolina. 


Pointa. 


Norfolk,  Va 

Albemarle  and 
CanaL 


Chesapeake 


North  Landing  River 

Carritack  Sonnd 

North  Carolina  Canal 

North  River 

Albemarle  Sonnd 

Croatan  Light 


H 

9  O 
«  p, 


I 


MXlM. 


Koanoke  Marsh. 
Harbor  Island  . . 
2Iorehead  City. . 


Swansborongh 

Bear  Inlet 

Brown's  Inlet 

New  River  Inlet 

Stamp  Inlet 

New  Topsail  Inlet 

Old  Topsail  Inlet 

Kich  Inlet 

Queen  Inlet 

Barren  Inlet 

Mai^nborough  Inlet 

Mouth  of  Hewlet's  Creek . . 
llouth  of  Greenfield  Creek 
Wilmington,  N.  C 


m 


8i 
18 

,^ 
12 

15 

12i 
62 

7 

5| 
81 

3 
3i 

ft 

31 

31 

^ 

01 


i. 

i.i 


ts 


^ 


3£ile$ 


m 


91 
39 

514 

57 
69 

84 

96i 
15c4 
1971 


230] 
336 
344| 

26U 

2701 

273* 

2771 

282} 

284f 

288 

291} 

2974 

298i 


Draught 


84  feet 


CNW.  wind,  64; 
^SE.  wind,  74  feet 

9  feet 

JNW.  wind,  6.3; 
{ SB.  wind,  7  feet. 

7  to  9  feet 

10  feet  

10  feet 


8  feet 


4  to  30  feet. 


2  to  13  feet.... 

3  to  14  feet 

2  to  8  feet 

*+0.7  to  5  feet 
0.5  to  2  feet  . . . 
5  to  12  feet.... 

5  to  12  feet 

6  to  7  feet 

3  to  4  feet 

8  to  10  feet.... 

5  to  13  feet 

1  to  13  feet.... 

*+68feet 

12  feet 


Remarks. 


By  way  of  Elizabeth  River,  improved  by 
United  States  lishts,  beaoons,  and  some 
dredging  and  dikes,  would  complete  the 
improvement  to  North  River. 


Bar  at  month  7.6  to  8  feet. 
Croatan  Channel  opens  Pamplico  Sound 
and  tributaries. 


After  leaving  Morehead  City  the  navi- 
gation is  rapidly  reduced  to  3  feet; 
from  thence  to  'V^ilmington  it  is  hardly 
passable  by  canoe. 


Across  the  neck  to  Wilmington. 


*  The  sign  +  here  denotes  the  height  above  tide. 

Of  the  maps  accompanying  this  report,  Nos.  5,  6,  7,  8,  and  9  give  the 
results  of  the  examination  of  this  coastline. 


ESTIMATE  OP  THE  COST  OF  DREDGING  A  CHANNEL  THROUGH  THE 
SOUNDS  ALONG  THE  COAST  FROM  HARBOR  ISLAND  BAR,  AT  THE 
HEAD  OF  CORE  SOUND,  TO  A  POINT  OPPOSITE  WILMINGTON,  N.  0., 
AND  OF  CUTTING  A  CANAL  THROUGH  THE  NECK  OP  LAND  WHICH 
SEPARATES  WILMINGTON  PROM  MASONBOROUGH  SOUND. 

An  estimate  of  a  dike  for  protecting  the  channel  throngh  Bogae 
Sound  is  included.  I  propose  to  dispose  of  the  bulk  of  the  excavation 
so  as  to  form  an  embankment  against  the  inroads  of  the  sea.  The  neck 
of  land  separating  Masonborough  Sonnd  from  the  Gape  Fear  Biver  is  6^ 
miles  (nearly)  in  width,  and  the  highest  point  of  the  ridge  is  68  feet 
above  tide.  A  tide-lock  will  be  necessary  at  the  Cape  Pear  outlet  of 
the  canal. 

The  difficulties  of  the  route  have  been  fully  stated.  It  cannot  be 
recommended  until  its  permanency  is  assured  after  a  more  thorough  ex- 
amination of  the  growth  of  the  deposits  and  the  changes  of  the  coast- 
line. 

The  following  estimate  is  based  on  the  dimensions  of  the  Albemarle 
and  Chesapeake  Canal, ^nd  is  approximately  correct: 

26  E 
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Excavation.— Channel  40  feet  wide  at  bottom,  S/eet  deep  ;  side  slopes ,  2  to  I. 

Core  Soand,  157,363  cubic  yards,  at  30  cents ^7,210  Ck> 

Bogae  Soaod,  731,540  cabic  yards,  at  30  cents 219,48*2  (ni 

Dike  in  Bogne  Sound,  137,940  linear  feet,  at  $2.50 :$44,850  00 

Excavation, — Channel  40  feet  wide  at  bottom,  8  feet  deep;  side  slopes,  2  to  1. 

Swansborongh  to  New  River,  2,  051,456  cubic  yar^s,  at  30  cents 615, 436  ?^<t 

New  River  to  Hewlet's  Creek,  4,364,800  cubic  yards,  at  30  cents 1, 3011, 440  00 

Hewlefs  Creek  to  Cape  Fear  River,  (Canal.)    Berm,  4  feet;  slope  dboee 

berm,  1  to  2. 

Above  low- water,  2,695,447  cubic  yards,  at  20  cents 539, 0?9  40 

Below  low- water,  525,053  cubic  yards,  at  35  ceuts 18:3, 978  55 

Tide-lock 80,000  01> 

Clearing  six  miles  200  feet  wide,  at  $250  per  mile 1,500  00 

Fascines  six  miles,  at  30  cents  per  linear  foot 9,504  00 

Contingencies,  10  per  cent 3:35,047  07 

Total 3,685,517  82 

DETAILS  OF  THE  SURVEY  OF  THE  KEARNEY  LINE. 

This  line  was  surveyed  with  the  object  of  finding  a  practicable  inland 
route  for  a  canal  betwee^n  the  navigable  waters  of  the  ^ease  and  the 
northeast  branch  of  the  Gape  Fear  Bivers.  Its  average  distance  from 
the  coast  is  about  30  miles.  The  length  of  the  line  surveyed  was  69.57 
mile^,  but  the  actual  length  of  a  summit  canal  will  be  56^  miles,  and  the 
length  of  a  canal  at  tide-level  (which  would  follow  down  the  southwest 
branch  of  the  New  Kiver  across  the  river  itself,  and  thence  up  the  north- 
east branch,  in  all  10  miles)  would  be  about  57^  miles. 

The  description  of  the  line  will  follow  the  course  of  the  survey,  which 
began  near  Bannerman's  Bridge,  on  the  northeast  branch  of  the  Gape 
Fear  Eiver,  and  terminated  on  Slocum's  Greek,  about  4  miles  from  the 
Nense  River.  This  distance  is  naturally  divided  by  the  valleys  of  Xew 
and  White  Oak  Eivers  into  three  sections. 

First  section, — From  Bannerman's  to  New  River.  The  greatest  eleva- 
tion of  the  line  is  reached,  in  this  section.  It  is  about  200  feet  wide,  and 
is,  as  usual,  in  the  center  of  a  pocosin.  It  is  54  feet  above  tide,  and  17^ 
miles  from  the  initial  point.  The  ground  on  each  side  for  several  thousand 
feet  is  from  40  to  60  feet  above  tide.  Holly  Shelter  Greek,  which  the 
line  crosses  near  the  northeast  branch  of  Gape  Fear  River,  is  120  feet 
wide.  The  valley  of  New  River  at  the  point  of  crossing  is  about  1,500 
feet  wide,  and  12  to  13  feet  above  tide.  New  River,  at  the  end  of  this 
section,  is  500  feet  wide.  The  length  of  this  section  is  27  miles  on  the 
line  of  the  survey. 

Second  section.'— From  New  to  White  Oak  River  the  distance  is  10.23 
miles.  Two  small  intersecting  streams,  Little  Northeast  River  and 
Grant's  Greek,  are  larger  than  any  of  the  streams  which  cross  the  first 
section.  In  this  section  the  greatest  elevation  ranges  from  40  to  44  feet 
above  tide.  The  valley  of  the  White  Oak  is  on  tide-level,  and  is  about 
700  feet  wide  at  the  crossing.    The  width  of  the  river  is  60  feet. 

Third  section, — The  third  and  last  section  is  from  White  Oak  River  to 
Slocum's  Greek.  This  might  be  called  the  lake  section,  as  it  fo];merly 
had  five  lakes  near  the  eastern  end.  The  largest  of  these  lakes  is  called 
the  Northwest  or  Big  Lake.  Its  area  (by  the  Kearney  survey)  is  about 
4.6  square  miles,  or  rather  more  than  one-fifth  the  area  of  Lake  Drum- 
mond.    It  is  from  C  to  8  feet  deep,  and  was  39  feet  above  tide  in  Sep- 
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tember,  1875.  It  can  possibly  be  made  to  sapply  half  of  the  summit- 
level.  Lake  Ellis  has  been  drained  since  Kearney's  survey.  Of  the 
other  lakes  nothing  is  particularly  known  except  that  they  have  been 
partially  drained.  The  high  ground  in  this  section  is  from  27  to  45  feet 
above  tide,  descends  to  25  feet  at  1,000  feet  from  Slocum's  Creek,  which 
affords  a  good  channel  10  feet  in  depth  to  Neuse  River.  This  section  is 
20.93  miles  long. 

To  this  general  description  I  subjoin  the  following  detailed  dccount 
from  Mr.  Michler's  report : 

The  Btarting-point  of  the  Kearney  survey  was  at  what  was  known  in  1837  as  Muster 
Landing,  on  the  Northeast  Cape  Fear  River,  47  miles  above  Wilmington,  N.  C.    The  lo- 
cality is  now  known  as  Bannerman's.    A  depth  of  1 1  feet  at  low-water  can  be  carried  up 
the  river  from  Wilmington  to  the  drawbridge  at  this  place.    In  running  the  line  to  be 
described,  the  line  run  l)y  Colonel  Kearney,  as  obtained  from  his  map  and  inquiry  along 
the  route,  was  followed  as  closely  as  practicable.    There  being  no  indications  of  his 
exact  starting-point,  the  present  line  was  commenced  at  a  point  on  the  south  side  of  the 
river,  a  few  feet  above  the  bridge  and  about  125  yards  below  the  mouth  of  Holly  Shelter 
Creek.    The  width  of  the  river  here  is  175  feet.    The  rise  and  fall  of  the  tide,  as  estab- 
lished from  extended  observations  by  private  parties  who  have  made  some  surveys  in  the 
locality,  is  26  inches.    There  was  a  freshet-rise  in  the  river  of  H  ^eet  above  high- water, 
so  that  it  was  impossible  during  the  stay  at  the  river  to  establish  a  low-water  mark. 
The  levels  were  started  from  a  bench  pointed  out  by  one  of  the  engineers  who  had  es- 
tablished it  as  being  5  feet  above  low-water.    From  a  point  1^  miles  above  its  mouth 
the  general  course  of  Holly  Shelter  Creek  through  its  windings  is  south.     At  this 
point  it  makes  a  bend,  and  from  Flayer's  to  the  bend  the  course  is  west.    Starting 
at  the  station  on  the  south  side  of  the  Northeast  Cape  Fear  River,  near  the  bridge, 
the   line  was   traced   through  the  lower  edge  of  Holly  Shelter  Swamp — having  on 
the  lines  an  elevation  above  tide-level  of  but  1  or  2  feet — for  a  distance  of  If 
miles,  to  Player's.    The  swamp  is  of  heavy  growth  of  cypress,  gum,  maple,  and  ash, 
i^ith  much  water.    Cypress  knees  are  numerous.    The  first  high  ground  is  met  with 
at  Player's,  and  a  cross-line  of  levels  to   the  creek — 700  feet  distant — shows  that 
the  elevation  found  is  continuous  to  the  perpendicular  bluff  rising  from  the  creek. 
On  the  north  side  of  the  creek  the  swamp  Is  some  5  feet  lower  than  on  the  south  side. 
From  Player's  the  line  follows  the  direction  of  the  creek  on  the  south  side,  passing* 
small  cultivated  patches  and  extensive  tracts  of  Pinu8  paluatris,  across  Shaking  Greek, 
to  a  point  nearly  due  west  of  Little  Lake,  an  expansion  of  Holly  Shelter  Creek.    From 
this  point  a  cross-line  of  levels  was  run  to  the  junction  of  Angola  and  Holly  Shelter 
Creeks,  and  the  elevation  found  to  decrease.    Continuing  from  the  point  mentioned 
the  line  runs  throngh  a  swamp  of  gum,  cypress,  and  black  oak,  toward  and  across 
Little  Lake.    Midway  between  these  two  points  a  cross-line  was  run  to  the  south,  and 
the  swamp-land  found  to  increase  gradually  in  elevation.    Little  Lake  at  the  point 
of  crossing  is  120  feet  in  width  and  10  feet  in  depth.    Leaving  Holly  Shelter  the  line 
passes  through  a  country  alternating  between  swamp-land  and  long-leaved  pine  fields 
across  Watery  and  Poplar  branches  and  several  unimportant  little  streams,  until  it 
reaches  a  point  a  little  distant  from  Sandy  Run,  a  tributary  of  Holly  Shelter  Creek. 
Its  direction  is  then  along  the  north  side  of  Sandy  Run  to  the  Cow  Ford.    lu  order  to 
straighten  out  the  line  Kearney's  line  was  left  here  and  the  ford  crossed.    The  width 
of  the  run  here  is  50  feet.     It  is  very  sluggish,  and  hm  a  depth  of  only  1^  feet.    Follow- 
ing the  edge  of  the  swamp  on  the  south  side  of  Sandy  Run  for  2  miles  we  recross  it  a 
short  distance  beyond  John  Padgett's  place,  and  enter  Sandy  Run  Pocosin,  the  source  of 
the  tributaries  of  the  Cape  Fpar  on  the  one  hand  and  of  New  River  on  the  other.    The 
coorse  through  the  pocosin  leads  to  the  head  of  Hawe's  Run.   Wherever  it  was  assured, 
from  the  topography  of  the  country  and  from  inquiry,  that  the  present  line  was  identi- 
cal ^^ith  that  of  Colonel  Kearney,  they  were  fonnd  to  agree  as  to  distance  and  levels. 
It  was  therefore  determined  to  consider  his  map  and  profile  from  the  east  side  of  the 

{>ocosin  to  Ward's  Landing  correct,  and  to  follow  the  course  of  Hawe's  Run  in  search  of 
oweT  ground.  This  attempt  was  successful.  This  distance  by  both  routes  is  about  the 
same.  Hawe's  Run  was  followed  to  the  southwest  branch  of  New  River.  At  the  sonth- 
-west  bridge — near  Cox's  plantation — the  elevation  of  the  southwest  branch  above  low- 
-water  in  the  Northeast  Cape  Fear  at  Bannerman's  was  found  to  be  2.7  feet.  The  eleva* 
tion  of  the  branch  at  the  same  point  above  low-water  at  New  River  Inlet  has  been 
fbnnd  by  previous  surveys  to  be  3  feet.  The  line  continues  along  the  southwest  branch 
to  a  point  opposite  "Wacrd's  Landing.  Number  of  miles  run  in  this  section,  including 
cross-levels,  29  miles  and  500  yards ;  exolnsive  of  cross-lines,  27  miles.  The  highest 
point  reached  on  the  line  above  low-water  at  Bannerman's  bridge  was  51^  feet.  Bat 
little  oultivated  ground  is  met  with  on  the  route.  The  few  settlers  claim  that  the  soil 
{j^  good.,  but  that  there  is  no  way  to  carry  the  produce  to  market,  were  there  any 
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Their  attention  is  almost  wholly  given  to  gathering  tnr^ntine.    Outside  the  swamps, 
the  soil  is  sand  and  clay.    The  swamps  are  covered  with  dead  trees,  bark,  leaves,  and 
moss.    From  Ward's  Landing,  the  line  coincides  with  the  navigable  waters  of  New 
River  and  its  branches — the  southwest  and  notheast— for  a  distance  of  10  miles  and 
616  vards,  to  Ball's  Landing.    From  one  of  Colonel  Kearney's  witness-trees  found  at 
Ball^s  Landing,  the  line  was  traced  through  the  Ethridge  place,  past  Ball's  and  Lip- 
sey's,  and  through  a  dense  woods,  to  and  across  Little  Northeast  River.    Little  North- 
east is  here  60  feet  wide  and  4^  feet  deep.    Continuing,  the  line  follows  the  north  side 
of  Horse-Swamp  Creek— tributary  to  the  northeast  branch — to  its  head,  and  then  strikes 
Grant  Creek,  which  it  follows  on  the  north  side,  crossing  Little  Grant  Creek  and  going 
through  Aman's  plantation  to  a  Kearney  witness-tree  at  Lee's  Landing,  on  White  Oak 
River.    Length  of  transit  line,  10  miles  and  179  yards.    Highest  point  reached,  43  feet 
above  low-water  in  Northeast  branch  of  New  River.    Elevation  of  White  Oak  River 
above  Northeast  branch,  0.03  foot.    Width  of  White  Oak  River  at  Lee's  Landing,  200 
feet ;  depth,  10  feet ;  rise  of  tide,  18  inches.  The  section  between  New  River  and  White 
Oak  River  has  but  little  variation  in  elevation.    The  formation  is  yellow  clay,  with 
a  covering  of  sand  varying  from  1  to  6  feet  in  thickness.    The  character  of  the  pine 
changes  to  old-field  pine  and  more  oak  and  maple  is  found.    It  is  marked  by  no  exten- 
sive pocosins,  thcL  swamps  being  confined  to  the  borders  of  the  creeks.    The  country 
along  the  ronte  is  more  thickly  settled  and  there  are  some  fine  large  plantations.    Cot- 
ton is  the  principal  product.    Utilizing  the  navigable  waters  of  the  White  Oak,  the  line 
proceeds  up  stream  a  distance  of  1  mile,  to  Haywood's  Lauding.    From  Colonel  Kear- 
ney's starting-point  found  here,  the  line  passed  through  the  Jones  plantation  to  Gillett's 
old  place.    From  Gillett's  it  was  traced  through  thick  woods  of  gum,  oak,  maple,  and 
juniper  to  G.  Jones  and  Scott's,  where  it  nears  Hunter's  Creek.    The  line  then  follows 
the  north  side  of  Hunter's  Creek  into  and  through  Wild  Cat  Pocosin — a  dark,  wild, 
desolate,  unfrequented  region — to  Big  Lake ;  this  Take  has  a  surface  area  of  about  4f 
square  miles,  and  an  elevation  above  low-water  in  White  Oak  River  of  39.35  feet. 
Crossing  the  southern  portion  of  the  lake  and  a  quarter  of  a  mile  ridge  lying  between, 
the  line  enters  what  is  now  Lake  Ellis  Bottom.    At  the  time  of  the  former  survey  and 
lip  to  1860,  there  was  about  3  feet  of  water  in  the  lake.    In  1860  it  was  drained  off  for 
the  purpose  of  making  a  rice-field  of  the  bottom.    It  is  now  nothing  but  a  marsh. 
Crossing  the  bottom,  the  line  follows  the  direction  of  Spaight's  drain-canal  through  the 
Ponall  plantation  and  Havelock  Railroad  Station  to  Rve  Landing,  on  Slocum  Creek,  4 
miles  from  its  junction  with  Nense  River,  17  miles  below  New  Berne.    The  line  then 
^coincides  with  the  navigable  waters  of  Slocum  Creek,  a  fine  broad  stream,  to  the  Nense 
*  River.    The  length  of  the  line  from  Haywood's  Landing  to  Rye  Landing  is  20  miles  and 
1,632  yards.    The  elevation  of  Slocum  Creek  above  low-water  in  White  Oak  River  is  0.12 
foot.    The  highest  point  reached  was  44  feet  above  low-water  in  White  Oak  River.    This 
elevation  was  found  on  a  pine  ridge  running  up  through  the  pocosin,  which  was  followed 
to  save  cutting.    The  ridge  averages  800  feet  in  width.    Colonel  Kearney  gives  his  high- 
est elevation  as,  corresponding  with  the  elevation  of  the  lake,  38  fe^t.    The  difference  in 
the  two  elevations  of  the  lake  can  be  easily  accounted  for  by  tlie  fact  that  the  lake- 
surface  varies  with  the  wet  and  dry  seasons,  but,  as  he  followed  the  ridge  just  men- 
tioned, he  must  have  intended  this  elevation  of  38  feet  to  express  the  elevation  of  the 
Eocosin  near  the  ridge,  which  is  lower.    From  Jones's  plantation  to  the  east  side  of 
<ake  Ellis  there  are  but  two  houses,  with  small  cultivated  patches. 
The  section  through  which  the  line  passes  is  thickly  wooded,  old-field  pines  predom- 
inating.   The  soil  is  sand  and  clay,  save  in  the  pocosin.    The  total  length  of  the  lino 
gone  over  by  the  party,  including  cross-lines  and  navigable  waters,  was  72  miles  and 
830  yards.    Exclusive  of  these,  58  miles  and  1,671  yards. 

I  have  DOW  to  submit  two  approximate  estimates  for  a  canal  betweeu 
the  northeast  branch  of  Cape  Fear  River  and  Slocum's  Creek,  which 
empties  in  Neuse  River.  The  first  estimate  is  for  a  through-cut  without 
lift-locks  fed  at  the  level  of  ordinary  low-water  in  the  two  rivers.  The 
second  estimate  is  for  a  canal,  with  summit-level  and  lift-locks  to  be  fed 
by  Big  Lake,  and  a  steam  pumping-engine  to  be  placed  on  ^N'ew  River. 

Approximate  estimate  of  the  through-cut — Two  tide-locks  will  be  re- 
quired to  prevent  the  entrance  of  the  high-water  at  the  two  extremities 
of  the  canal.  The  relation  of  the  tides  and  floods  of  the  principal  riv- 
ers seems  to  render  two  locks  necessary.  The  facts  are  as  follows :  Tak- 
ing the  low-water  of  the  Cape  Fear  as  a  reference,  the  high- water  would 
be  2.2,  the  land-flood  1.2.  In  the  southwest  branch  of  the  New  River, 
in  the  river  itself,  and  in  the  northeast  branch  of  the  same  the  low-water 
is  2.7,  high-water  not  known.    In  White  Oak  River  low  tide  is  2.73,  high 
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tide  4.23,  floods  not  known.    In  Slocam's  Creek  low- water  is  2.85,  prob- 
able high- water  5  feet. 

In  providing  for  the  reception  of  intersecting  streams  into  the  canal 
it  will  be  necessary  to  discriminate  between  those  which  bear  sediment 
and  those  whose  waters  are  limpid.  The  following  tabulated  estimate 
of  this  work,  which  covers  all  the  streams  which  seemed  to  require  spe- 
cial treatment,  is  believed  to  be/approximately  correct,  and  will  serve 
as  a  guide  in  making  a  more  thorough  examination  for  the  final  esti- 
mate. In  it  will  be  found  the  name  of  each  river,  creek,  or  branch 
crossed  by  the  proposed  canal,  also  its  width,  height  above  low  tide, 
(which  is  8  feet  above  the  bottom  of  the  canal,)  the  meshod  of  treatment 
of  each,  and  remarks.  All  the  streams  along  the  route  are  small, 
swampy,  and  sluggish,  and  may,  with  a  suitable  revetment  of  the  bank, 
be  received  into  the  canal  without  injury. 

Estimate  of  coat  of  consti^uction  of  works  for  draining  the  streams  crossed  by  the  tide-water 

canal  from  Kease  to  Cape  Fear  Biver  into  the  canal. 


Stream. 

1 

a 

.a 

1 

Elevation  of  sur- 
face above  low- 
-water  in  Cape 
Fear  River,  in 
feet. 

• 
Mode  of  treatment. 

1 

Coat.  1 

1 

Remarks. 

Holly  Shelter 

120 
10 

190 
65 
10 
10 
30 
40 
20 
50 
70 
SO 
25 
25 
20 
15 
15 
20 
90 
25 
25 
30 
50 
60 
30 
50 
20 
30 
25 
40 
40 
40 
50 

10.0 
0.5 

10.0 
1.5 
0.5 
0.8 
1.0 
2.0 
1.0 
2.5 
4.0 
1.5 
2.0 
2.0 
1.0 
1.5 
1.5 
2.0 
2.75 
2.0 
2.0 
1.5 
4.0 
4.5 
2.0 

ao 

1.0 
1.5 
1.0 
1.0 
1.0 

ao 
ao 

6.0 
16.0 

lao 

21.5 

26.0 

27.5 

28.5 

29.25 

29.25 

33.0 

40.0 

39.0 

38.0 

36.75 

35.0 

3ao 

29.5 

29.25 

28.75 

28.0 

27.75 

25.0 

23.0 

8.0 
27.0 
12.0 
21.0 

9.0 
14.5 

2a  0 

24.5 
24.5 
24.0 

Weir 

16,000 
575 

1.5.000 
9.000 
153 
153 
365 
877 
327 
963 

22,000 
322 
971 
935 
281 
240 
250 
265 
422 
337 
337 
243 
888 
8,000 
635 
404 
366 
660 
270 
375 
380 
1,492 
1,604 

10,800 

Brick  masonry. 

firanch 

Drain-nine ....... 

Little  Lake 

Weir 

Brick  masonry. 
Do. 

Watery  Branch 

....do 

Branch  ,,.r 

Drain-nine  .......... 

Do 

...do    

Poplar  Branch 

....  do  .........•••... 

Biir  Gam  Creek 

....  do  ............... 

Branch ^.,-  --. 

....  do    ......a.  a...... 

Sandy  Rnn..  ....^..t. 

do     

Do 

Weir  and  reservoir. . 
Drain-nine 

Brick  masonry. 

Hawe'B  Ron 

Do 

....do  ............... 

Do 

do 

Branch  

....do 

Do 

....  do    .............. 

Hawe's  Ron 

•  • . •  do  . .............. 

Do 

...  do  

Do 

....do 

Do 

do  ............... 

Do 

—  do 

....do  ............... 

Do 

SonthweBt  Branch 

.. .  .do 

Little  Northeast 

Weir 

Brick  masmry. 

Branch  

Drain-nine 

Little  Grant 

. . . .do  ............... 

Branch  ...............  .- 

1  ...  do  ............... 

Do 

1 . - . . do  ............... 

Do 

....  do  ............... 

Do 

do 

do 

Wood's  Branch 

Deen  Creek 

....do 

Hnnter's  Creek 

....do 

Traps 

1.      

Total  cost 

87,000 

1 

The  following  estimate  includes  the  total  amount  of  the  above  table. 
It  gives  the  total  cost  of  the  through-cut  made  with  the  same  dimen- 
sions as  the  Albemarle  and  Chesapeake  Canal,  viz,  40  feet  wide  at  the 
bottom,  slopes  of  two  to  one  below  water  and  one  to  two  above,  with  a 
berme  4  feet  wide  between,  protected  by  fascines.  The  depth  is  8  feet, 
the  locks  220  by  40  feet  in  chamber. 
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Approximate  estinuite  of  a  through-cut  between  the  Neuse  and  Cape  Fear  Bivers. 

Excavation  channel  40  feet  wide  at  bottom ;  depth,  8  feet ;  side-slopes 
of  water-way,  2.1 ;  bermCi  4  feet ;  side-slopes  above  berme,  1.2*    Above 

low-water  25,749,433  cubic  yards,  at  20  cents $5,149,886  60 

Below  low- water  4,072,338  cubic  yards,  at  35  cents 1, 425, 318  30 

Clearing  46i  miles,  200  feet  wide,  at  $250  per  mile 11,625  00 

Fascines  46^  miles,  at  30  cents  per  linear  foot 73,629  00 

Culverts  and  drains 87,000  00 

Two  tide-locks 200,000  00 

Contingencies 694,745  89 

Total  cost 7,642,204  79 

Estimate  of  a  ca/nal  ^Dith  a  summit'level  and  six  locks j  for  making  a  con 

nection  between  the  Neuse  and  Cape  Fear  Rivers. 

The  following  table  gives  the  lift  of  the  locks,  the  height  above  low 
water  in  the  Gape  Fear,,  and  length  of  each  of  the  levels  of  the  canal. 
Six  locks  will  be  required : 


No.  of 
level. 

Elevation  above 
low-water. 

Length  of  level. 

• 

Lift  of  rock  to 
next  leveL 

Remarks. 

MUes. 

Feet 

• 

1 
3 
3 
4 
5 

u 

Feet 
0 
14 
3:t 
33 
24 
13 

i" 

6 

44 
3 

.3,939 
383 
1,930 
3,180 
3,859 
330 

14  feet,  np 

9  feet,  up 

9feet,up 

8  feet,  down . . . 
13  feet,  down. . 

Level  of  Cape  Fear  River. 

Sammit-level. 

Level  of  Slocam's  Creek. 

Total. 

56i 

The  sammit  is  32  feet  above  tide  and  44  miles  long.  The  entire 
length  of  the  canal  is  6^  miles. 

Three  aqueducts  will  be  required  on  Holly  Shelter  Creek,  New  River, 
and  White  Oak  River.  The  estimates  are  based  on  designs  similar  in 
construction  to  the  aqueduct  over  the  Potomac  River  at  Georgetown. 

Water-supply. — In  estimating  for  the  water-supply  I  have  assumed 
the  necessity  of  employing  a  steam-pumping-engine  to  be  located  on 
New  River. 

The  draining  of  the  lakes  and  the  rapid  growth  of  vegetation  make 
the  supply  from  these  sources  uncertain,  and  until  further  examination 
of  Big  Lake  I  shall  not  be  able  to  state  to  what  extent  its  waters  will 
be  available.  The  capacity  and  certainty  of  steam-pumping  machinery 
are  well  known.  TThe  great  cities  of  Chicago,  Saint  Louis,  Cincinnati, 
Louisville,  and  many  others  of  equal  importance,  depend  on  this  kind  of 
machinery  for  the  supply  of  water.  The  employment  of  steam-pumps 
as  a  means  of  supplying  canals  has  already  been  successfully  tried  on 
the  Delaware  and  Chesapeake  Canal. 

The  machinery  for  this  canal  was  erected  at  Chesapeake  City,  as  I  am 
informed  by  the  secretary  of  the  company,  in  1853,  and  has  been  in  ac- 
tive and  successful  operation  ever  since.  It  consists  of  a  wheel  40  feet 
in  diameter,  10  feet  face,  turned  by  two  powerful  steam-engines,  36-incb. 
cylinder  and  7  feet  stroke,  working  two  pinions  on  opposite  sides  of  the 
circumference  of  the  water-wheel.  The  water  enters  at  the  circumfer- 
ence and  passes  on,  as  the  wheel  revolves,  to  the  journals,  from  thence 


REPORT   OP  THE   CHIEF   OF  E>7QINE£RS>.  407 

to  the  canal-surface  by  a  wide  slaice-way.    The  water  is  raised  20  feet, 
or  167  tons  per  minute =360,000  tons  per  hour, 

During  the  ten  years  just  past  the  cost  has  been  as  follows,  for  11,986 
tons  of  coal,  (Cumberland,)  $73,457.89. 

Wages  of  engineers  and  men $50, 741  32 

Chandlery  and  supplies 7,593  23 

Bepairs  and  renewals 27, 176  70 

During  the  years  1874  and  1875, 2,250,000  gallons  were  raisec}  20  feet 
high  every  hour,  at  the  expense  of  426  pounds  of  coal  for  every  1,000,000 
gallons,  and  the  average  cost  of  raising  1,000,000  gallons  20  feet  high 
was  $2.19. 

Assuming  a  trade  500  per  cent,  greater  than  that  which  now  passes 
through  the  Albemarle  and  Chesapeake  Canal,  the  amount  of  water 
required  for  lockage,  filtration,  evaporation,  and  leakage,  will  be  as  fol- 
lows: 


LockajTdSO  prisniB  a  day 

nitration,  evaporation,  and  leakafge . 

Total  quantity  of  water  required 


For  one  day. 


Oubiefwt 
6,160,000 
13,830,400 


18,990,400 


For  one  year. 


Ouhic/eeL 
3,248,400,000 
4,683,096,000 


6, 931, 496, 000 


The  cost  of  the  engine  to  supply  this  amount,  exclusive  of  foundations 
and  pump-house,  will  be  $210,000. 

The  probable  amount  which  may  be  supplied  by  Big  Lake  can  be 
determined  by  a  comparison  with-  Lake  Urummond  and  the  quantity 
which  it  furnishes  to  the  Dismal  iSwamp  Canal.  With  data  which 
include  filtration,  evaporation,  and  leakage,  it  may  be  inferred  that  Big 
Lake  will  supply  2,700,000  cubic  feet  per  day.  This  would  reduce  the 
cost  of  the  pump  $55,000. 

The  objection  to  this  method  of  filling  the  canal  consists  in  the  great 
cost  of  maintaining  an  engine  of  such  unusual  power.  The  entire 
height  which  the  water  ^ill  have  to  be  lifted,  after  adding  8  feet  to 
make  good  the  contingencies  of  frictional  resistance  through  pipes  and 
pump,  is  40  feet.  This  will  require  an  engine  of  999  horse-power — 
say  1,000.  Such  an  engine  will  consume  84,000  pounds  of  coal  in  twenty- 
four  hours,  or  15,330  tons  per  annum.  Estimating  this  at  $6.50  per  ton, 
<short  ton  of  2,000  pounds,)  delivered,  the  annual  cost  of  fuel  will  be 
$99,045.  If,  on  examination,  Big  Lake  is  found  to  be  of  sufficient 
capacity  to  supply  one-half,  then  the  cost  of  engine  can  be  reduced,  and 
the  cost  of  fuel  will  be  also  reduced  to  $49,827.50.  By  constructing 
reservoirs  alongside  of  the  locks,  and  conserving  one-half  of  the  water 
required  for  lockage,  the  consumption  of  coal  will  be  further  reduced  to 
one-third  the  original  cost,  or  to  $33,218.*  This  seems  a  large  sum  for 
fuel,  and  establishes  the  importance  of  making  a  more  minute  examina- 
tion of  the  ground,  with  the  object  of  finding  a  lower  level. 

Drains  and  culverts. — Thirty-two  small  streams  and  three  rivers  inter- 
sect the  course  of  the  canal.  Ten  of  these  are  from  5  to  16  feet  above 
the  surface  of  the  canal.  Of  those  below  the  surface  only  five  are  lower 
than  the  bottom  of  the  canal.  The  rivers  will  be  crossed  by  aqueductp. 
The  smaller  streams  will  be  conducted  across  the  canal  in  culverts,  or 
by  drains  or  siphon-pipes.  The  following  table  gives  the  estimate  of 
this  part  of  the  work: 

*  Wood  could  be  used  for  fuel,  but  the  cost  would  be  nearly  the  same,  although  in 
the  above  estimate  a  liberal  rate  per  ton  for  coal  has  been  assumed. 
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Estimate  of  coat  of  conatruolion  of  culverte,  siphons,  and  drains  on  the  line  of  the  Sammit- 
Level  Canal y  from  the  Neuse  to  the  Cape  Fear  Biver,  Estimated  cost  of  bricks  $20  per  M  ; 
oementj  $3  per  barrtl;  hricklayery  $4.50  per  day  ;  laborer j  $1.50  per  day. 


Stream. 


Branch 

Little  Lake 

Water  Branch 

Branch 

Do 

Poplar  Branch 

Big  Oum  Creek.... 

Branch 

Sandy  Ron 

Di» 

Hawes'  Ran 

Do.: 

Do 

Branch 

Do 

Hawes'  Ran 

Do 

Do 

Do 

Do 

Branch , 

Southwest  Branch. 
Little  Northeast. . . . 

Branch , 

Little  Grant  Creek 
Branch , 

Do , 

Do 

Do 

Wood's  Branch 

Deep  Creek 

Hunter's  Creek 


9 


Total. 


10 
120 
65 
10 
10 
30 
40 
20 
40 
70 
20 
85 
25 
20 
15 
15 
20 
20 
25 
25 
30 
SO 
60 
30 
50 
20 
30 
25 
40 
40 
40 
50 


.9 


0.5 
10.0 
1.5 
0.5 
0.8 
1.0 
2.0 
1.0 
2.5 
4.0 
1.5 
2.0 
2.0 
1.0 
1.5 
1.5 
2.0 
2.75 
2.0 
2.0 
1.5 
4.0 
4.5 
2.0 
3.0 
1.0 
1.5 
1.0 
1.0 
1.0 
3.0 
3.0 


>'  S  $1  s 


o 

a 
o 
S 


16.0 

13.0 

21.5 

26.0 

27.5 

26.5 

29.25 

29.25 

33.0 

40.0 

39.0 

38.0 

36.75 

35  0 

33.0 

33.0 

29.25 

28.75 

28.00 

27.75 

25.0 

23.0 

8.0 
27.0 
12.0 
21.0 

9.0 
14.5 
23.0 
24.5 
24.5 
84.0 


I 


"  ►  S 

111 

'■Si 
ill 


k 


I 


+  2.0 

—  1.0 

—  2.5 


+ 
+ 
+ 
+ 

+ 


2.0 
3.5 
4.5 
5.85 
5.25 
9.0 
+  16.0 
4-15.0 
+  14.0 
+  12.75 
+11.0 
+  9.0 
+  5.5 
+  5.25 
+  4.75 
+  4.0 
3.75 
1.0 
1.0 
-16.0 
+  3.0 
-12.0 

—  3.0 
—15.0 

—  9.5 

—  1.0 

—  0.5 

—  0.5 
0.0 


+ 

+ 


Mode  of  treat- 
ment. 


Pipe  siphon.. 

Brick  culvert 
— do 

Pipe  siphon. . 

....do 

do 

....do 

...  do 

Apron 

Weir 


pipe. 


Drain 
. ...  do 
....do  ....... 

do 

Apron 

Pipe  siphon. 
do 


do 

— do 

....do  ........ 

do 

Brick  siphon. 
Brick  culvert 
Pipe  siphon.. 
Brick  culvert 
Pipe  drain  . . . 
Bnck  culyerfc 

...do 

Pipe  drain  . . . 

....do 

....do 

Pipe  siphon.. 


Cost 


•I. 
20, 

11, 


1. 
1, 
1, 

21, 


1. 
1. 
1. 
I, 
1, 

9. 
48, 

1. 
37. 

17, 
1, 
1, 

4, 
4. 


810 
350 
887 
640 
895 
972 
936 
069 
120 
000 
325 
640 
604 
240 
110 
007 
908 
944 
126 
142 
985 
315 
440 
210 
000 
760 
719 
097 
140 
140 
520 
494 


Remarks. 


219, 545 


Directly  into  canal. 
Into  canal. 

Do. 

Do. 

Do. 

Do. 
Directly  into  canal. 


The  followiDg  estimate  gives  the  aggregate  cost  of  a  canal  with  sum- 
miMevel  (fed  by  steam-pump)  between  the  Neuse  and  Cape  Fear 
Bivers : 


Excavation,  (cut  40  feet  wide  at  bottom,  depth  8  feet,  side  slopes  2.1 

feet,)  7,623,550  cubic  yards,  at  20  cents ^1,524,710  00 

Clearing  56^  miles  200  feet  wide,  at  8250  per  mile 14, 620  00 

Aqueduct  bridges  :  New  River,  (500  feet  long,  44  feet  wide) 285, 712  00 

Holly  Shelter  Creek,  ( 120  feet  long,  44  feet  wide) 94, 524  00 

White  Oak  River,  (600  feet  long,  44  feet  wide) 327, 939  00 

Culvertsand  drains 219,-545  00 

1  lock  (length  220  feet,  width  40  feet,  lift  14  feet ) 170,  OOO  00 

2  locks  (length  220  feet,  width  40  feet,  lift  12  feet) 300,  OOO  00 

2  locks  (length  220  feet,  width  40  feet,  lift  9  feet) 250, 000  00 

1  lock  (length  220  feet,  width  40  feet,  lift  8  feet) 100,  OOO  00 

Steam-pumps  at  New  River,  lifting  for  evaporation,  filtration,  and  leak- 
age through  locks  12,^30,400  cubic  feet,  and  for   lockage   6,160,000 

cubic  feet,  making  a  total  of  ie,91K),400  cubic  feet  in  24  hours ;  lift  32 

feet) 210,000  00 

Foundations,  engine-house,  chimney,  &c 57,  OOO  00 

Contingencies,  10  percent 355,405  00 

Total 3,909,455  00 
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List  of  maps  of  water-line  between  Norfolk^  Va,,  and  Wilmington,  N,  C— canal,  coast, 

and  sound  line. 


No.  of 
Bbeet. 


2 
3 
4 

5 
6 
7 
8 
9 

10 


1 
2 
3 


TuooTT 

TTuloTr 
4UoOTr 

TooJJV 


Title  and  deacriplion. 


TOotrff 
4oioo 


921^00 
TB(n7 


TiTlUlTO 


TW6( 


(TTi-U 


BnfDTT 


Elizabeth  River,  Virfcinia.  Compiled  from  a  survey  made  under  the 
direction  of  Maj.  W.  P.  CraighiU,  Corps  of  Enfrineere,  U.  8.  A.,  by 
Capt.  C.  B.  Phillips,  United  States  Engineers,  and  from  United  States 
Coast  Survey  charts. 

North  Landing  River,  (head  of  Curritnck  Sound,)  Virginia  and  North 
Carolina.    From  United  States  Coast  Survey  of  1861. 

From  North  River  to  Pamplico  Sound,  (in  two  sheets,)  sheet  No.  1. 
From  United  States  Coast  Survey  chart  of  1860. 

From  North  River  to  PampHoo  Sound,  (in  two  sheets,)  sheet  No.  2. 
From  United  States  Coast  Survey  chart  of  1800. 

Core  Sound  and  Straits,  North  Carolina.  From  United  States  Coast 
Survey  chart  of  1866. 

Bogue  Sound,  North  Carolina,  from  Beaufort  to  Goose  Creek  Shoal, 
July,  1875. 

Bogue  Sound,  North  Carolina,  from  Goose  Creek  Shoal  to  New  River 
Inlet. 

Stump  Sound  and  part  of  Topsail  Sound,  North  Carolina,  from  New 
River  Inlet  to  New  Topsail  Inlet,  August^  1875. 

Part  of  Topsail  Sound  and  Middle  Sound,  North  Carolina,  from  New 
Topsail  Inlet  to  Masouborough,  Aug^ist,  1875.  Line  between  Mason- 
borough  and  Wilmington,  North  Carolina,  August,  1875. 

Newport  River  and  estuaries,  showing  Clubfoot  and  Harlow  Canal. 
From  United  States  Coast  Survey  chart  of  1874. 

Kearney  line. 

Canal  bet  wen  Ncuse  and  Northeaat  Cape  Fear  Rivers,  (in  three  sheets.) 

Sheet  No.  1,  from  Northeast  Cape  Fear  River,  at  Bannerman's,  to 

southwest  branch  of  New  River,  September,  1875. 
Canal  between  Neuse  and  Northeast  Cape   Fear   Rivers,  (in  three 

sheets.)    Sheet  No.  2,  from  southwest  branch  of  New  River  to  White 

Oak  River,  September,  1875. 
Canal  between  Neuse  and  Cape  Fear  Rivers,  (in  three  sheets.)    Sheet 

No.  3,  from  White  Oak  River  to  Neuse  River,  at  mouth  of  Slocum'a 

Creek,  September,  1875. 

Maps  not  numbered. 

Index  map.    From  United  States  Coast  Survey  chart,  1856. 

New  River  and  bar.  From  United  States  Coast  Survey  chart  of  1851,. 
and  reconnaissauce  of  S.T.  Abert,  civil  engineer,  in  1856. 

Coast  of  North  Carolina  from  "  Atlantic  Neptune  Atlas,"  1780. 

On  same  sheet,  outline  of  present  coast  from  United  Coast  Survey. 

Boundary-line  between  Virginia  and  North  Carolina.  From  Byrd's 
survey  of  1728-'29.    Compared  with  Coast  Survey  of  1862. 

On  same  sheet,  coast  of  North  Carolina  from  Captain  Collet's  ''  Com- 
plete map  of  North  Carolina,"  1774. 

Wimble's  map  of  North  Carolina,  1738. 

On  same  sheet,  outline  of  present  coast  from  United  States  Coast  Sur- 
vey, "  Americio  pars,  nunc  Virginia  dicta,"  &c.  From  Harriot's 
account  of  Virginia,  1585,  a  chart  of  the  coast  from  Chesapeake  Bay 
to  Cape  Lookout.  "  The  arrival  of  the  Englishmen  in  Virginia, 
1584,"  from  Harriot's  account  of  Virginia  in  De  Bry  Brothers'  col- 
lection, 1590. 


I  desire  to  express  my  appreciation  of  the  ability  and  energy  displayed 
in  the  conduct  of  the  survey  by  Mr.  A.  K.  Michler,  assistant  engi- 
neer, and  by  Mr.  J.  Heth  Harrison  and  Mr.  Thomas  S.  Flood,  assistants; 
and  by  the  survey  party  generally.    My  thanks  are  also  especially  due 
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for  aid  and  courtesy  extended  to  me  by  citizens  of  iN'orth  Carolina; 
particalarly  to  Senator  M.  W.  Bansom,  Senator  A.  S.  Merrimon,  Gov- 
ernor Brogden,  Ex-Governor  Vance,  Professor  Kerr,  General  Thomas 
F.  Drayton,  and  Mr.  Marshall  Parks,  president  of  the  Albemarle  and 
Chesapeake  Canal  Company. 

GENERAL  CONCLUSIONS. 

Coast-line. 

1.  The  cost  of  a  canal  by  this  route  would  be  $3,685,517.82. 

2.  I  would  call  attention  to  the  changes  mentioned  in  the  foregoing 
report,  which  may  result  from  destroying  the  present  equilibrium  in 
Core  Sound,  between  the  waters  of  Pamplico  Sound  and  Beaufort  Har- 
bor. These  changes  may  be  advantageous,  but  cannot  be  equally  so  to 
all  who  are  interested. 

3.  Clubfoot  and  Harlow  Canal  may  be  substituted  for  the  improve- 
ment of  Core  Sound  as  a  means  of  reaching  Beaufort  Harbor.  A  survey 
will  be  necessary  to  determine  accurately  the  cost  of  this  canal. 

4.  The  shifting  sands  in  Bogue  Sound  seem  to  render  a  dike  necessary 
for  the  preservation  of  the  proposed  channel.  Such  a  dike  may  seriously 
injure  the  harbor  of  Beaufort ;  whether  a  channel  dredged  and  left  with- 
out protection  will  .be  permanent,  is  problematical.  Special  investiga- 
tion is  required  to  determine  the  question. 

5.  South  of  Bogue  Sound  the  changes  in  the  coastline  and  sounds 
require  further  examination  as  to  the  growth  of  the  marshes,  islands, 
oceanic  deltas,  and  the  denudation  of  the  coast.  * 

Kearney  line. 

In  regard  to  the  proposed  canal  between  the  Sense  and  Cape  Fear 
Rivers,  I  would  respectfully  submit  the  following  conclusions: 

1.  The  cost  of  a  canal  at  tide-level,  with  two  tide-locks,  will  be 
$7,642,204.79.  The  cost  of  a  canal  with  summit-level  and  six  locks  will 
be  $3,909,455.  The. distance  between  Norfolk  and  Wilmington  by  this 
route  is  very  nearly  the  same  as  by  way  of  the  sounds,  but  by  the  canal 
the  length  to  be  improved  is  60  miles,  while  by  the  sound  route  it  is  140 
miles,  including  the  intermediate  reaches  of  good  water. 

2.  Either  the  summit-level  or  tide-water  canal  is  practicable.    The 
summit-level  canal  has  the  disadvantage  of  locks,  but  the  advantage  of 
being  less  costly. 

3.  Neither  of  these  canals  (summit-level  or  tide-water)  should  be 
adopted  until  a  more  thorough  examination  can  be  made,  in  order  to 
ascertain  whether  a  lower  or  less  costly  route  may  not  be  discovered. 

4.  The  design  of  a  canal  for  uniting  the  Neuse  Kiver  and  Pamplico 
Sound  with  the  Cape  Fear  derives  importance  from  being  a  part  of  a 
general  scheme  for  uniting  the  sounds,  which  extends  from  Fernandina, 
Fla.,  (with  but  few  interruptions,)  to  North  Carolina,  and  complete  the 
connection,  by  means  of  the  intervening  canals,  with  the  northern  lakes 
and  the  Saint  Lawrence  liiver.  The  execution  of  three  sections  of  canal 
Mis  miles  north  of  Wilmington,  56^  miles  between  the  Cape  Fear  and 
Waccamaw  Elvers,  and  45  miles  between  the  Winyah  Bay  and  the  Great 
Pedee  Eiver,  will  complete  the  communication  with  the  harbor  of  Fer- 
nandina,  Fla.  Isolated  from  the  more  general  design,  the  canals  under 
consideration  would  be  of  local  importance  only. 

5.  Should  Congress  seriously  contemplate  the  execution  of  the  canal^ 
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further  surveys  and  examinations  are  required  in  order  to  determine  the 
best  route.  For  this  object  $10,000  should  be  appropriated.  Lower 
ground,  affording  probably  a  better  location  than  the  line  surveyed, 
may  be  found  between  the  following  points : 

a.  £nMa  the  Neuse  on  the  lakes,  and  south  of  the  lakes,  to  White  Oak 
Bi ver ;  thence  to  Oiifliew  Ooort-Honse  or  some  point  on  New  Biver. 

b.  From  Neuse  River,  by  way  of  Clubfoot  and  Harlow  Creeks,  to 
Newport  River ;  thence  from  the  west  end  of  Newport  River  to  Hod- 
nott's  or  Pettiford's  Creek,  on  White  Oak  River;  thence  to  Coon's  Head 
Creek,  or  flome  convenient  point  between  Montfort's  and  Snead's  Ferry, 
on  New  River ;  ttraiMe  from  a  point  on  New  River,  between  Stone's 
Creek  and  Snead's  Ferry,  to  Lillington's  Mill  Creek^  or  Maxwell's 
Creek,  on  Northeast  Cape  Fear  River.  By  keeping  as  far  soath  and 
near  the  sounds  as  practicable,  the  cutting  may  be  reduced.  Even  if 
Onslow  Court- House  is  a  fixed  point  in  the  line  of  canal,  it  still  seems 
practicable  to  descend  New  River  as  far,  perhaps,  as  Snead's  Ferry, 
before  continuing  the  cut  toward  Northeast  Cape  Fear  River.  Holly 
Shelter  Swamp,  no  doubt,  declines  toward  the  south,  and  possibly  a 
better  line  may  be  found  on  this  route,  or  south  of  the  higher  ground 
between  Holly  Shelter  and  the  sound. 

As  already  stated,  the  funds  at  my  command  did  not  allow  surveys 
to  be  made  of  all  the  routes  which  seemed  to  be  practicable. 
Very  respectfully,  your  obedient  servant, 

S.  T.  Abbrt, 
United  States  Civil  Engineer. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engiiieen^  U.  S.  A. 


APPENDIXES. 

1. — HKI'OJIT  OV  LIKIT.  COL.  JAMI^S    KKARNEY,   TOPOGRAI'IIICAL  ENGINKEKS. 

Washington  City,  May  21  j  1838. 

Siii :  I  have  tlie  honor  to  report  that,  on  the  receipt  of  your  orders  of  the  28th  March, 
1:^:57,  .iHsigning  nie  to  the  snrveys  near  the  coast  of  North  and  South  Carolina,  I  pro- 
ceeded to  organize  the  requisite  means  for  carrying  tliem  into  execution.  Some  delay 
was  necessarily  occasioned  by  the  scarcity  of  competent  assistant  engineers  and  the 
necessity  1  was  under  of  seeking  them  among  such  of  the  civil  engineers  not  in  the 
emidoyment  of  the  Government  Jis  chanced  at  the  time  to  be  disengaged  from  other 
service.    1  succeeded,  however,  in  forming  two  parties. 

The  act  of  Congress  passed  the  3d  of  March,  1837,  required  the  survey  to  be  made 
from  the  southern  debouchS  of  the  Dismal  Swamp  Canal  down  the  Pasquot.ank  River 
to  Klizabeth ;  thence  to  Croatan  Sound,  Pamplico  and  other  sounds,  near  the  const  of 
North  Carolina;  and  thence  by  the  most  practicable  route  to  Winyaw  Bay,  in  South 
Carolina;  with  a  view  to  determine  the  practicability  of  opening  an  inland  commu- 
iiicati<m  for  steam-navigation  from  the  Chesapeake  Bay  to  Charleston,  S.  C.  The 
reconnaissance  of  part  of  the  lino  had  been  reserved  by  my  original  orders  for  another 
*>tT[icer.  Subsequently,  however,  the  reconnaissance  as  well  as  the  survey  of  the 
-whole  of  it  was  assigned  to  me.  No  examination  of  the  ground,  however,  was  ro- 
unired  before  the  parties  began  to  operate  in  the  field.  The  frequent  professional 
tours  of  duty  which  I  had  formerly  occasion  to  make  near  the  coast  of  North  Carolina, 
together  w^ith  the  surveys  already  executed  there  for  military  purposes  by  officers  of 
the  Corps  of  Topographical  Engineers,  viz,  by  Majors  Abert  and  Kearney  and  by  Cap- 
tain Bache,  enabled  me  at  once  to  draw  up  the  requisite  instructions  to  the  chiefs  of 
parties  and  to  assign  to  them  the  limits  of  their  operations  for  the  surveys  requiring 
the  earliest  attention,  and  the  time  usually  consumed  in  the  preliminary  examinations 
-was  thereby  saved.  One  of  the  parties  was  directed  to  survey  Joyce's  Creek  and  Pas- 
quotank River  from  the  canal  to  Albemarle  Sound,  very  carefully,  wherever  especia,lly 
there  should  be  found  a  less  depth  than  8  feet  of  water,  and  wherever  any  obstruction 
to  the  free  navigation  of  the  creek  or  river  should  present  itself,  A  general  examina- 
tiou  of  Albemarle  Soand  was  likewise  required  in  the  direction  of  Croatan  Sound  for 
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the  purpose  of  verifying  the  existence  of  a  sufficient  depth  of  water  for  the  passage  of 
steam- vessels.  This  work  having  been  completed,  Core  Sound  and  the  passage  through 
the  marshes  were  carefully  surveyed  to  ascertain  whether  any  chauge  aftecting  the 
navigation  had  taken  place  since  the  period  of  the  surveys  made  there  by  Captain 
Bache.  It  was  intended,  also,  that  the  same  party  should  connect,  at  least  by  a  chain 
of  triangles,  the  work  of  Pasquotank  River  with  that  of  Croatan  Sound,  and  the  Ro- 
anoke marshes  with  Harbor  Island  Bar,  the  limit  of  the  surveys  intrusted  to  the  other 
party  of  engineers  employed  upon  the  sounds.  And  it  was  intended,  also,  to  have 
taken  soundings  upon  Long  Shoal,  Blulf  Shoal,  and  other  parts  of  Pamplico  Sound,  but 
the  advanced  season  and  a  desire  to  preserve  the  health  of  the  party  for  the  prosecu- 
tion of  the  surveys  to  be  undertaken  during  the  autumn  of  that  year,  joined  to  other 
circumstances  not  necessary  to  be  here  stated,  made  it  expedient,  in  my  opinion,  to 
postpone  this  part  of  the  work  to  a  more  suitable  occasion.  In  consequence  of  this,  the 
party  was  transferred  to  Bogue  Sound,  and  it  was  enabled  to  make  the  survey  of  that 
part  of  the  line  from  Beaufort  Harbor  to  Swansboro  and  Bogue  Inlet  before  the 
sickly  season  had  begun.  The  other  party  of  engineers  surveyed  with  great  care  and 
very  skillfully,  under  the  immediate  direction  of  the  intelligent  and  experienced  assist- 
ant who  had  it  in  charge,  the  whole  of  Core  Sound,  so  that  nothing  further  remains  to 
be  done  there  to  enable  us  to  form  the  x)roject  and  estimate  the  cost  of  its  improve- 
ment in  the  greatest  detail,  unless  it  be  at  some  suitable  season  during  the  prevalence 
of  the  storms  which  characterize  the  spring  and  autumn,  for  example,  to  make  such 
observations  as  will  enable  us  to  ascertain  the  direction,  velocity,  and  effect  of  the  cur- 
rents which  may  possibly  prevail  there  when  the  winds  blow  for  a  long  time  from  the 
same  quarter.  On  the  termination  of  the  survey  of  Core  Sound,  I  instructed  the  en- 
gineer in  charge  of  the  party  there  to  take  rapidly  some  lines  of  soundings  on  the  bar 
of  Old  Topsail  Inlet,  the  entrance  to  Beaufort  Harbor,  for  the  purpose  of  ascertaining 
the  correctness  of  an  opinion  advanced  by  the  pilots,  that  since  my  survey  of  182*2  the 
depth  of  water  on  the  bar  had  materially  increased. 

These  operations  being  effected,  and  the  sickly  season  at  hand,  the  engineers  were 
withdrawn  from  the  field  to  plat  their  work  and  arrange  the  facts  which  they  had  col- 
lected, preparatory  to  their  resuming  the  surveys  proposed  to  be  made  farther  inland 
during  the  latter  part  of  the  fall  and  the  beginning  of  winter.  We  had,  in  a  compar- 
atively short  time,  collected  much  information ;  our  work  had  extended  itself  to  a  dis- 
tance of  about  220  miles ;  and,  taking  into  consideration  the  surveys  heretofore  made 
under  the  direction  of  the  ofBcers  of  the  corps  whom  I  have  named,  with  the  observa- 
tions, the  result  of  various  professional  visits  to  the  coast,  we  are  enabled  to  take  gen- 
eral views  of  the  character  and  extent  of  the  improvements  of  which  the  sounds,  at 
least  as  far  westward  as  Cape  Fear  River,  are  susceptible ;  they  enable  ns  to  form 
opinions  on  the  question  of  their  probable  permanency,  the  advantages  to  result  to  the 
commerce  of  the  country,  and,  for  a  great  part  part  of  the  distance,  we  have  the  means 
of  estimating  the  probable  cost.  Especially  is  this  the  case  with  respect  to  the  line 
from  the  Dismal  Swamp  Canal  to  Swansborough.  To  the  westward  of  that  place,  the 
very  close  reconnaissance  which  in  the  year  1822  I  made  on  the  sounds  lying  toward 
Cape  Fear  River,  enables  us  to  appreciate  their  value  with  reference  as  well  to  com- 
merce as  to  military  defense. 

The  memorandum  which  I  had  the  honor  to  submit  to  your  consideration  as  the 
basis  of  a  reply  to  the  letter  of  the  Hon.  C.  Shepard,  and  other  members  of  Congress 
from  North  Carolina,  will  have  made  yon  acquainted  with  m^  opinion  upon  the 
question  of  the  improvement  of  Core  Sound,  the  value  of  such  improvement  to  the 
coasting-trade  and  to  foreign  commerce ;  and  it  will  have  shown  the  connection  of 
that  sound  with  the  navigable  waters  of  the  State  and  with  the  waters  of  the  Chesa- 
peake Bay.  A  copy  of  that  memorandum  is  herewith  transmitted,  and  I  have  to  ask 
your  attention  to  it  in  connection  with  this  report. 

The  practicability  and  importance  of  a  navigable  communication,  inland,  between 
the  Chesapeake  Bay  and  Beaufort  Harbor,  viz,  by  Elizabeth  River,  the  Dismal  Swamp 
Canal,  Pasquotank  River,  and  Albemarle,  Croatan,  Pamplico,  and  Core  Sounds,  are  un- 
questionable. It  would  be  out  of  place  in  this  preliminary  report  to  enter  into  a  mi- 
nute description  of  tht  sounds  and  rivers  embraced  by  the  surveys  of  the  past  season  *, 
nevertheless,  we  may  state  that  west  of  Beaufort  the  sounds  generally  are  much  nar- 
rower and  with  a  greater  number  of  shoals  than  are  those  I  have  enumerated.  Bogue 
Sound,  though  broad,  is  very  shallow.  Those  lying  between  it  and  Cape  Fear  River 
are,  for  the  most  part,  full  of  marshes,  through  which  we  find  the  passage  to  be  by 
narrow  and  tortuous  creeks,  with  extremely  shallow  bars  wherever  the  tides  meet  in 
their  passage  from  the  numerous  small  inlets  with  which  the  line  of  coast  is  indented. 
The  only  barriers  between  these  sounds,  generally,  and  the  ocean,  are  low  and  narrow 
sand-banks,  over  which  in  many  places  the  waves  are  swept  by  the  hurricanes;  the 
sands  are  carried  by  the  sea  and  the  wind  into  the  sounds ;  shoals  are  formed,  and  be- 
come the  bases  of  salt-marshes;  the  accumulation  of  matter  over  their  whole  area  and 
in  their  channels  is  thus  progressive.  The  communication  between  them  is  sometimes 
closed  by  the  silt  carried  forward  by  the  tides,  and  by  the  encroachment  of  the  marshes. 
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aud  it  becomes  necessary  to  open  small  canals  for  the  passage  of  lighters  and  canoes 
at  bigb  tide.  To  this  description,  which  is  very  extensively  applicable  to  the  sounds 
west  of  Bogue,  there  are  exceptions  which  it  is  unnecessary  for  our  present  purpose  to 
enumerate,  nnless  it  be  required  in  the  case  of  the  portion  of  the  sound  lyiug  near  New 
Kiver,  to  which  I  have  referred  in  the  memorandum  already  alluded  to. 

It  is  apparent  from  these  facts,  I  think,  that  the  question  of  the  practicability  and 
cost  of  opening  a  channel  for  steamboats  west  of  Beaufort,  or  certainly  of  Svvansboro, 
yields,  in  point  of  importance,  to  the  consideration  of  the  practicabilltv  and  expense 
of  defending  it  against  the  Inroads  of  the  sea  and  the  encroachments  of  the  sands.  The 
exposure,  too,  of  this  part  of  the  route  to  the  enterprises  of  an  enemy,  during  periods 
when  it  would  be  most  required  for  the  security  and  accommodation  of  trade,  became 
so  apparent  from  the  facts  developed  during  our  examination,  that  it  was  deemed 
advisable  to  inquire  whether  a  route  might  not  be  found  farther  inland,  by  which  to 
connect  the  sounds  and  navigable  waters  east  of  Beaufort  with  some  branch  of  Cape 
Fear  River.  Subsequent  inquiry,  supported  by  our  previous  knowledge  of  the  country, 
led  to  the  opinion  that  probably  a  canal  might  be  constructed  of  the  requisite  capacity 
and  with  a  sufficient  supply  of  water,  from  Neuse  Kiver  to  the  northeast  branch  of 
Cape  Fear  River.  The  facts  and  re^woning  upon  which  this  opinion  rested  were  verb- 
ally communicated  to  jou,  and  as  they  received  the  sanction  of  your  favorable  opinion, 
one  of  the  parties  of  engineers  was  instructed  to  make  such  surveys  and  examinations 
of  the  country  near  the  presumed  line  of  communication  as  would  enable  us  to  arrive 
at  more  accurate  and  distinct  ideas  of  the  adaptation  of  the  ground  to  the  project.  On 
resnming  the  lield-operations,  therefore,  I  organized  a  party  for  that  purpose,  in  the 
stead  of  the  one  which  had  surveyed  Pasquotank  River  and  the  sounds  east  of  Harbor 
Island,  which  had  been  broken  up  by  circumstances  unconnected  with  the  service. 
This  I  placed  under  charge  of  an  experienced  and  intelligent  principal  assistant,  who 
had  ahieady  served  under  my  orders,  and  who  performed  the  duty  entirely  to  my  satis- 
faction. 

The  survey  commenced  at  a  point  on  the  northeast  branch  of  Cape  Fear  River,  forty- 
seven  miles  above  Wilmington,  and  five  miles  below  the  head  of  navigation — 8  feet 
water.  The  point  of  beginning  was  within  a  few  yards  of  the  month  of  Holly  Shelter 
Creek ;  thence  it  was  traced  nearly  parallel  with  that  creek,  crossing  in  its  course 
JShaking  Creek  and  several  of  the  minor  streams  which  issue  from  Holly  Shelter  Swamp. 
It  crossed  Holly  Shelter  Creek  at  Outen  or  Little  Lake,  and  thence  followed  the  course 
of  Big  Sandy  Run  to  a  location  the  source  of  some  of  the  tributaries  of  Cape  Fear 
Kiver  on  the  one  hand  and  of  New  River  on  the  other;  thence  it  pursued  nearly  a 
direct  route  to  Ward's  Landing,  on  the  southwest  branch  of  New  River ;  length,  25 
miles  1,639  yards. 

Thence  the  line  coincided  with  the  navigable  waters  of  New  River  and  its  branches 
(the  southwest  and  northeast)  for  a  distance  of  10  miles  616  yards,  viz,  to  Ball's  Land- 
ing ;  hence  it  was  traced  by  the  way  of  Ethridge's  Landing  to  the  head  of  Grant's  Creek, 
and  with  that  creek  to  Whitock  River,  at  Lee's  Landing,  a  distance  of  9  miles  and  1,683 
yards ;  thence  I  mile  and  100  yards  with  the  river  to  Haywood's  Landing.  From  Hay- 
wood's the  line  passed  through  £.  Jones's  plantation,  aud  along  the  north  bank  of 


Kiver,  4  miles.  Slocum's  Creek  is  a  broad,  navigable  stream  ;  it  joins  the  Neuse 
17  miles  below  New  Berne.  The  entire  length  of  the  line  surveyed  by  the  party  is 
67  miles  aud  1,4'^  yards,  including  the  river  and  lake  navigation :  exclusive  of  these, 
53  miles  and  22  yards.  The  highest  point  in  the  experimental  line  between  north- 
east branch  of  Cfape  Fear  and  New  Rivers  was  41^  feet  above  the  surface-water  of 
the  river  at  the  point  of  beginning ;  but  this  may  be  materially  reduced  by  following 
the  course  of  Haw's  Run.  Between  New  River  and  Whitock  River  the  highest  point 
was  43  feet,  and  between  Whitock  River  and  Slocum's  Creek  it  coincided  with  the 
lakes,  Big  Lake  being  38  feet  and  Ellis's  Lake  33.7  feet.  These  lakes  were  surveyed 
for  the  purpose  of  ascertaining  approximately  their  capacity  as  reservoirs  for  the  supply 
of  the  summit  and  lockage  ofthe  canal,  and  we  are  warranted  in  assuming  that  a  suffi- 
ciency of  water  may  be  found  for  these  objects  upon  the  summit-level. 

The  survey  now  described  between  Cape  Fear  River  aud  Slocum's  Creek  serves  only 
to  manifest  the  practicability  of  uniting  the  Cape  Fear  with  the  Neuse.  Other  surveys 
are  required  preliminary  to  the  definitive  selection  and  location  of  the  line  of  canal. 
These  would  probably  be  traced  (one  of  them,  at  least)  between  the  northeast  branch 
of  Cape  Fear  and  Trent  Rivers ;  and  another,  departing  from  Munster  Landing  on  the 
northeast,  would  follow  the  course  of  Haw's  Run  to  Shepard's  Mill ;  thence  to  Onslow 
Court-House,  to  Moss's  Landing,  on  the  western  prong  of  the  northeast  branch  of  New 
River;  thence  to  Lee's  Landing,  on  the  Whitock  River;  thence  to  Big  Lake,  Ellis's 
Lake,  and  Spaight's  Canal,  to  Rye  Landing,  on  Slocum's  Creek.  This  line  would  be 
about  56i  miles  long.  Its  summit-level  would  coincide  with  one  or  other  of  the  lakes, 
or,  being  separated  from  them,  it  would  be  placed  in  a  plane  sufficiently  low  to  enable 
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118  to  command  for  the  supply  of  the  canal  sa  mnch  of  their  water  as  mip^ht  be  deemed 
requisite.  The  summit-level  would  cross  the  navigable  streams  at  points  the  least 
prejudicial,  and  it  might  be  prolonged  to  any  desirable  extent  between  the  points  of 
termination  of  the  canal. 

Surveys  should  be  made  also  to  ascertain  the  practicability,  the  best  means,  and  the 
cost  of  uniting  the  main  trunk  of  the  canal  with  the  harbor  of  Beaufprt  by  a  branch 
traced  in  that  direction.  Its  connection  with  navigation  on  Whitock  River  and  New 
River  would  be  directly  effected  by  means  solely  of  locks  constructed  at  the  points  of 
passage  of  those  rivers. 

To  the  northeastward  of  Neuse  River  it  may  become  advisable  to  make  pther  sur- 
veys, that  we  may  have  the  means  of  presenting  to  Congress  a  view  of  all  the  routes 
by  which  a  navigable  communication  might  be  established  between  Albemarle  Sound 
and  the  Neuse.  In  examining  the  relative  merits  of  these,  and  their  several  claims  to 
attention,  the  professional  views  which  would  most  probably  influence  the  mind  of  the 
engineer  in  his  selection  might  not  possibly  be  those  to  which  the  legislature  would  be 
disposed  to  attribute  the  greatest  force.  There  are  other  reasons  which  may  render  it 
expedient  not  only  to  carry  the  surveys  between  the  Neuse  and  Albemarle  Sounds 
farther  inland,  but  which  may  even  require  us  to  examine  more  minutely  than  we  yet 
have  done  the  two  great  sounds,  Pamplico  and  Albemarle.  The  result  of  such  exam- 
inations might  possibly  even  affect  seriously  the  character  for  stability  of  a  portion  of 
the  route  by  the  sounds.  How  far  the  causes  which  have  operated  to  close  the  inlets 
formerly  existing  in  front  of  those  sounds  may  have  tended  also  to  affect  the  depth  of 
the  sounds  themselves,  or  whether  they  have  had  any  influence,  deserves  to  be  inves- 
tigated. If  we  compare  the  chart  of  Lawson  with  that  of  Cole  and  Price,  we  are  led 
to  believe  that  the  depth  of  water  off  the  shoals,  at  least,  is  much  less  than  it  was  in 
Lawson's  time.  Nevertheless,  the  soundings  given  in  one  or  the  other  of  these  charts 
may  be  erroneous.  It  is  desirable,  I  should  think,  to  have  this  question  settled  before 
the  adoption  of  any  particular  project  involving  great  expense  in  its  execution.  A 
careful  comparison  of  the  present  depth  of  water  in  all  the  navigable  parts  of  the 
sounds  I  am  now  speaking  of,  with  the  depths  noted  by  Lawson,  Price,  &c.,  will  ena- 
ble us  to  determine  whether  or  not  the  depth  is  lessening  in  them,  and,  if  so,  the  peri- 
odical rate  of  diminution  may  also  be  ascertained.  The  solution  of  this  question  might 
possibly  influence  the  location  of  the  northeastern  debouch^  of  the  Cape  Fear  and 
Neuse  division  of  the  canal ;  and  however  desirable  it  might  otherwise  be  presumed 
to  be  to  carry  that  as  low  down  the  Neuse  as  practicable,  we  might  find  it  expedient, 
under  the  influence  of  the  facts  to  be  developed  by  the  hydrographio  survey,  to  carry 
it  in  the  direction  of  New  Berne,  Washington,  and  Plymouth. 

The  line  of  canal  56^  miles  in  length,  between  the  Neuse  and  Cape  Fear  Rivers,  which 
has  been  described,  would  suffice  to  open  an  inland  communication  for  steamboats  from 
the  southern  debouch6  of  the  Dismiu  Swamp  Canal  to  Wilmington,  N.  C,  and  to  the 
ocean. 

The  proposed  route,  via  the  sounds  and  Slocnm*s  Creek,  would  lie  parallel  to  the 
coast,  and,  crossing  the  principal  navigable  streams  of  the  State  of  North  Carolina, 
would  be  found  to  possess  all  the  advantages  of  a  general  line  of  communication  for 
the  trade  of  those  rivers;  the  rivers  themselves  not  having  usually  such  outlets  as 
would  enable  the  produce  of  the  interior  to  find  an  exit  by  the  way  of  the  ocean  to 
other  parts. 

The  same  observalnonB  will  equally  apply  to  the  other  divisions  of  the  work,  viz, 
that  of  the  Brunswick  and  Red  Bluff  division,  as  also  that  from  Winyaw  Bay  to 
Charleston. 

It  is  obvious  that  such  a  line  of  improvement,  especially  when  considered  with  refer- 
ence to  its  direct  connection  with  some  of  the  best  harliiors  on  the  coast,  is  of  general 
interest,  being  equally  advantageous  to  the  commerce  and  defense  of  the  country. 

Of  the  surveys  made  under  the  authority  of  the  act  of  Congress  of  the  3d  of  March, 
1837,  there  remain  to  be  described  those  only  which  lie  to  the  westward  of  Cape  Fear 
River,  between  the  Green  Swamp  and  the  ocean.  The  surveys  which  I  had  formerly 
made  near  Waccamaw  Lake  and  the  Green  Swamp,  led  to  the  opinion  that  if  a  naviga- 
ble communication  between  the  Cape  Fear  and  Waccamaw  Rivers  were  at  all  practi-^ 
cable  upon  any  line  remote  from  the  narrow  sounds  which  border  upon  the  sea,  it  must 
be  traced  between  the  ocean  and  the  Green  Swamp,  and  that  in  all  likelihood  it  should 
rely  upon  the  water  yielded  by  that  swamp,  and  upon  such  that  might  be  collected 
nearer  the  sea  for  the  supply  of  the  summitAevel  and  lockage  of  the  canal.  With  this 
view  of  the  subject,  and  to  test  its  correctness,  the  party  of  engineers  which  had  been 
employed  during  the  early  part  of  the  summer  npion  Core  Sound,  was,  at  the  proper 
season,  directed  to  make  upon  the  ground  I  have  just  described,  such  surveys  and  ob- 
servations as  time  and  the  means  at  our  disposal  would  permit*  Accordinglv,  that 
party  ran  a  guide-line  of  levels  and  a  line  with  the  compass  from  the  Red  Bluff  on 
Waccamaw  River  to  Brunswick  on  the  Cape  Fear,  16  miles  below  Wilmington,  and 
extended  its  observations  into  the  swamps  as  far  as  the  inundations  would  permit,  for 
at  that  time  the  rains  had  set  in. 
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The  distance  from  the  Red  Bluff  to  Brttnswicki  and  conseqaeotly  the  length  of  canal, 
if  it  were  constrocled  upon  that  line,  would  he  ahont  56^  miles.  The  examinationa 
which  the  party  was  able  to  make  with  reference  to  the  means  of  supplying  the  sum- 
mit-level with  water  were  necessarily  very  limited ;  nevertheless^  such  as  they  were,, 
they  were  far  from  discouraging  the  expectations  of  success  which  had  been  created 
by  the  surveys  formerly  made  farther  inland.  Whenever  the  necessary  appropriations 
are  made  to  enable  us  to  resume  the  surveys,  a  close  and  extensive  survey  and  exami- 
nation of  the  Green  Swamp,  and  of  the  country  ^ing  between  it  and  the  sea,  will  be 
undertaken.  When  these  will  have  been  completed,  and  not  till  then,  can  we  be  au- 
thorized to  form  any  decisive  opinion  upon  the  question,  not  of  the  sufficiency  of  the 
quantity  of  water  yielded  by  the  neighboring  swamps  and  lakes,  but  of  the  practica- 
bility of  conducting  it  to  the  summit  level  of  a  canal  to  unite  the  Cape  Fear  with  the 
Waccamaw.  In  the  mean  time  the  probability  that  it  is  practicable  is  so  strong,  in 
my  opinion,  as  to  justify  the  Department  in  prosecuting  the  inquiry. 

Near  Red  Bluff  there  is  a  shoal  in  Waccamaw  River  at  the  head  of  tide ;  it  is  about 
200  yards  over,  with  a  depth  of  but  1^  foot  at  the  lowest  stages  of  the  water.  The 
canal  would  debouch^  below  this ;  hence  to  Winyaw  Bay  and  out  to  sea  the  only  ob- 
struction to  the  navigation  of  the  river  by  steamboats  lies  5  miles  below  Conwaysboro,. 
at  Cox's  Shoal,  where,  at  the  lowest  water,  there  is  a  depth  of  6  feet  The  length  of 
the  obstruction  does  not  exceed  150  yards.  With  this  exception,  there  is  in  the  Wac- 
camaw River,  below  the  proposed  termination  of  the  canal,  at  all  times  a  depth  of  not 
less  than  8  feet  of  water,  with  a  bold  navigation,  the  river  making  good  reaches,  except 
at  the  "  Wild  Horse,''  about  seven  miles  below  the  Red  Bluff,  where,  for  a  mile  and  a 
balf,  it  is  very  rapid  and  crooked ;  and  again,  about  a  mile  below.  Con waysboro',  where 
the  river,  for  about  200  yards,  is  also  rapid  and  crooked),  although  deep. 

Between  Winyaw  Bay  and  Charleston  we  have  done  nothing,  except  to  reconnoiter 
the  country  for  the  purpose  of  becoming  acquainted  with  the  general  character  of  the 
ground  and  with  the  routes  which  may  require  to  be  surveyed. 

From  Winyaw  Bay  there  is  a  passage  to  sea  over  Georgetown  Bar,  with  a  depth  of 
7i  feet  at  low-water.  This  bar  lies  far  out  at  sea ;  the  channel  is  very  crooked  and 
difficult  of  navigation  ;  and  the  depth  of  water  is  represented  to  be  decreasing.  A  pro- 
ject to  connect  Winyaw  Bay  with  North  Pedee  by  a  canal  has  been  undertaken  and 
partly  executed.  It  is  probable  that  the  steamboat-line  might  follow  this  route  to  the 
J?edee,  thence  to  Charleston.  Two  lines,  at  least,  ought  to  be  surveyed ;  the  one  lying 
near  the  seaboard  would  avail  itself  of  the  chain  of  natural  navigation  now  used  oc- 
casionally by  the  smaller  craft  proceeding  to  and  from  Charleston,  wherever  such  nat- 
ural navigation  might  be  found  advatitageously  in  the  line  of  improvement ;  the  other 
Touto,  lying  farther  inland,  might  depart  from  the  Pedee,  and,*  following  the  best 
ground,  which  will  probably  be  found  upon  a  very  direct  course  to  deep  water  on 
Wando  River,  a  branch  of  the  Cooper  River,  on  which  is  Charleston.  The  length  of 
canal  from  Winyaw  Bay  to  Charleston  would  not  probably  exceed  45  miles.  The 
i^ound  it  would  occupy  is  but  a  few  feet  above  the  tide,  and  it  would  not,  it  is 
iSelieved,  require  in  any  place  a  greater  depth  of  cutting  to  tide-water  than  8  feet.  It 
-woald  therefore  be  a  thorough  cut,  and  would  require  none  other  than  guard  and  reg- 
ulating locks. 

I  annex  a  schednle  of  maps,  charts,  and  profiles  of  the  surveys  already  execnted  under 
yonr  orders  of  the  28th  March,  1837.  I  purpose  making  a  general  map,  also,  to  exhibit  in 
one  view  the  surveys  which  have  been  done  by  the  Department  near  the  coast  of  North 
and  South  Carolina.  The  details  of  the  plans  for  improving  the  sounds,  so  far  as  we 
have  the  materials  for  so  doing,  as  well  as  the  calculations  of  the  cost  of  the  improve- 
ments, will  be  undertaken,  now  or  at  the  conclusion  of  all  the  surveys,  to  accompany 
the  final  report,  as  may  be  required  by  your  orders. 

Very  respectfully,  I  have  the  honor  to  be,  sir,  your  obedient  servant, 

James  Kearitrt, 
LieuUnant'Colonel  Tapographiodl  Engineers. 

Liient.  Col.  J.  J.  Abbrt, 

Commanding  Topographical  Engineer$,  U.S.A. 

SCHEDULE. 

Sheets. 

Chart  of  Pasquotank  River 5 

Croatan  Sound 1 

CoreSonnd ,...  2 

Details  on  the  bars ..w 8 

Bogue  Sound 1 

Reconnaissance  west  of  Bogue,  made  formerly  for  defense  of  seaboard I 

Map  and  profiles  of  country  between  Neuse  and  Cape  Fear  Rivers 3 

Map  and  profile  between  Cape  Fear  and  Waccamaw  Rivers 3 
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LETTER  OF  HON.  SECRETARY  OF  WAR  TO  HON.  C.  ^feEPARD.      y 

CORE  SOUND  CHANNEL. 


Department  of  War,  Marok  14, 1838. 

Sir  :  I  transmit  a  report  from  the  officer  im  char^  of  the  Bureau  of  Topographical 
Engineers,  in  reply  to  your  letter  of  the  24th  February. 

From  this  it  appears  that  the  channel  over  the  bar  in  Core  Sound  as  proposed  by  the 
existing  act  of  Congress,  to  be  50  yards  wide  and  7  feet  deep,  will  probably  cost  $80,000 ; 
and  that  one  of  the  same  depth,  but  250  yards  wide,  which  would  constitute  a  beating- 
channel  and  be  adapted  to  meet  a  presumed  and  great  increase  of  commerce  in  that 
direction,  would  probably  cost  about  $300,000. 

As  improvements  of  this  kind  are  somewhat  experimental  and  as  the  smaller  channel 
is  adequate  to  the  present  commerce  and  sufficiently  large  to  prove  both  the  practicability 
and  durability  of  the  plan,  I  feel  disposed  to  recommend  that  our  efforts  snould  be  con- 
fined in  the  first  instance  to  a  channel  of  the  dimensions  already  prescribed  by  law. 
Very  respectfully,  your  most  obedient  servant, 

J.  R.  Poinsett. 

Hon.  C.  Shepard, 

Souse  of  Representatives. 


letter  of  chief  of  topographical  bureau. 

Bureau  of  Topographical  Engineers, 

Washington,  March  10, 1838. 

Sir  :  In  reference  to  the  letter  of  the  24th  ultimo,  from  the  honorable  Mr.  Shepard 
and  others,  I  have  to  report,  that  the  survey  having  been  committed  to  Lieutenant- 
Colonel  Kearney,  he  has  been  called  upon  for  information,  and  I  have  the  honor  of  sub- 
mitting to  your  consideration  the  following  copy  ot  his  remarks : 

'^As  stated  in  the  letter  addressed  to  the  Secretary  of  War  by  Messrs.  Shepard, 
Stanly,  and  other  members  of  Congress  irom  North  Carolina,  I  tiiink  most  favorably  of 
the  importance  of  Core  Sound  to  that  State,  and  to  the  United  States,  and  am  clearly 
of  opinion  that  its  channel  ought  to  be  improved  and  to  an  extent  beyond  that  con- 
templated by  the  act  to  which  those  gentlemen  refer  in  their  letter  of  the  24th  of  Feb- 
ruary. 

''  The  coast  between  Beaufort,  N.  C,  and  the  Chesapeake  Bay  for  a  length  of  220  or 
230  miles,  is  nearly,  and  in  a  few  years  will  be  quite,  destitute  of  inlets  capable  of  ad- 
mitting even  the  smaller  class  of  coasters.  The  closing  of  those  which  formerly  existed— 
and  there  have  been  at  least  as  many  as  ten  or  fifteen — has  been  steadily  progressive. 
In  my  opinion — and  it  has  been  long  and  deliberately  formed,  and  frequently  ex- 
pressed— the  maintenance  of  a  direct  navigable  communication  between  either  Albe- 
marle or  Pamplico  Sounds  and  the  ocean  is  impracticable.  I  purpose,  in  my  final  report, 
to  attempt  the  demonstration  of  this  proposition,  and  I  think  1  will  be  able  to  show' 
that  Ocracoke,  the  only  inlet  now  capable  of  admitting  the  passage  of  coasters,  vrill 
probably  also  close  in  a  few  years.  The  draught  of  water  into  the  sound  has  been 
reduced  to  (4*  f<set  at  ordinaiy  high  tides,  notwithstanding  the  efforts  of  the  Govern- 
ment to  resist  the  encroachment  of  the  sand  upon  it.  By  the  storms  of  August,  Sep- 
tember, and  October  last,  these  efibrts  were  paralyzed,  and  the  hope  of  improving  the 
inlet  was  abandoned. 

''Assuming  the  impracticability  of  re-opening  and  maintaining  a  communication 
between  Albemarle  or  Pamplico  Sounds,  at  any  point  upon  the  coast  between  Cape 
Henry  and  Cape  Lookout,  we  have  only  left  for  the  trade  of  those  sounds,  and  of 
Chowan,  Roanoke,  Tar,  Neuse,  and  other  rivers,  their  tributaries,  an  opening  to  the 
north  by  the  Dismal  Swamp  Canal,  and  to  the  south  by  Beaufort  Harbor,  at  Old  Top- 
sail Inlet.  Between  Pamplico  Sound  and  Beaufort  (as  stated  by  these  gentlemen)  inter- 
venes Core  Sound,  which  is  between  3d  and  39  miles  long,  and  in  which  are  several 
shoals,  some  having  little  more  than  4  feet  of  water  upon  them  at  times  of  very  low 
tides. 

*'  Beaufort,  since  the  settlement  of  the  country,  has  never  had  less  than  15  or  16  feet 
on  the  bar  of  its  inlet  at  high  tides.  It  has  now  i>erhaps  23  feet  at  high-tide ;  certainly 
it  has  nearly  that  depth,  and  there  are  a  few  bars  to  the  southward  of  it  with  more. 
At  low- water  it  has  16^  feet.  A  navigable  communication  for  coasting- vessels  would, 
therefore,  open  for  the  trade  of  a  large  part  of  North  Carolina,  at  least  one  of  the  best, 
and,  taking  the  depth  of  water  at  low  tides,  the  character  of  the  bar,  and  the  safety 
of  the  coast  near  it  into  consideration,  perhaps  the  best,  Atlantic  harbor  south  of  the 
Chesapeake  Bay. 

"Several  routes  have  been  proposed,  some  of  them  have  been  surveyed,  and  one  of 
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them  has  been  {vtteinpted,  bj-  which  to  oonnect  the  trade  of  the  sounds  herein  men- 
tioned with  Beaufort.  It  does  not  yet  appear  that  any  one  of  them  combines  as  many 
iidvantages  as  that  by  Core  Sound,  or  that,  if  they  were  ejected,  the  improvement  of 
this  sound  should  therefore  be  nejp;lected. 

"  The  following  is  au  extract  of  a  letter,  received  since  this  report  was  first  printed, 
from  a  merchant  of  New  Berne,  whose  testimony  is  worthy  of  confidence.  It  is  not  im- 
probable that  the  statement  referred  to  in  it  may  be  correct,  although  the  depth  of 
wat^r  is  much  more  than  was  found  by  the  engineer  who  examined  the  bar  during  the 
month  of  June  or  July,  for  it  is  well  known  that  the  gales  of  the  summer  and  autumn 
of  the  past  year  greatly  changed  the  position  and  depth  of  some  of  the  inlets  lying  im- 
mediately west  of  Beaufort,  and  it  had  been,  already  ascertained  that  their  force  and 
effect  were  strikingly  manifested  upon  Bogue  Banks,  which  form  the  western  side  of 
the  inlet. 

"'JVIy  house  is  now  loading  the  fine  ship  Napoleon,  at  Beaufort,  533  tons.  She 
draws  18  feet  when  loaded.  Tne  captain  told  me  he  sounded  on  the  bar,  and  could  not 
get  less  than  24  feet  at  high-water.  She  is  bound  to  Liverpool,  and  I  have  her  carffo 
all  there,  carried  through  Core  Sound  from  New  Berne.  I  could  have  come  at  one-half 
the  expense  if  the  water  had  not  been  so  shallow.' 

*'  The  act  of  Congress  to  which  reference  has  been  made  proposes  a  depth  of  7  feet 
at  low-water,  and  a  breadth  of  50  yards,  for  the  dimensions  of  the  improved  chan- 
nel. The  depth  is,  perhaps,  as  great  as  could  be  attained  within  the  limits  of  any  ap- 
propriation of  money  which  could  reasonably  be  expected  to  be  obtained.  The  breadth 
i«,  however,  insufficient  for  all  the  objects  of  the  improvement.  Two  hundred  yards 
would  be  required  for  a  beating  channel,  and  that  breadth  would  also  be  necessary  to 
triable  vessels  to  continue  their  voyage  during  night  as  well  as  day. 

'^  The  surveys  of  last  year  are  in  a  state  to  enable  me  to  frame  a  project  for  the  im- 
provement of  the  sound  and  to  estimate  the  cost  of  it.  I  have  refrained  from  doing 
this,  and  I  had  reserved  it  until  all  the  surveys  proposed  by  the  act  of  the  3d  of  March 
last  were  completed,  with  the  intention  of  presenting  the  whole  of  the  subject  of  an 
inland  commerce  south  of  the  Chesapeake  Bay  to  the  Department  at  one  view,  not 
conceiving  that  I  was  authorized  to  report  upon  detached  portions  of  the  subject.  I 
have,  however,  considered  the  question  of  improvement  of  Core  Sound  sufficiently  to 
enable  me  to  say,  generally,  that  for  a  channell  of  the  depth  and  breadth  mentioned  by 
Mr.  Shepard,  the  cost  would  be  somewhere  about  $80,000,  and,  for  the  one  I  have 
proposed,  about  1^300,000,  exclusive  of  any  jetties  or  other  works  which  might  possibly 
be  found  necessary  to  protect  the  sides  of  the  channel  from  abrasion,  or  to  prevent  the 
channel  itself  from  shifting ;  but  the  probability  of  which  I  do  not,  with  my  present 
knowledge  of  the  composition  of  the  bed  of  the  sound,  by  any  means  anticipate  if  the 
larger  plan  were  adopted. 

*'  We  are  not  dependent  upon  mere  speculation  for  our  opinion  of  the  importance  of 
this  harbor ;  it  was  made  manifest  by  the  war  of  1812-'1^^'14,  during  which  it  became 
the  depot  of  prizes  for  many  of  our  cruisers,  whence,  by  lighters,  their  cargoes  were 
forwarded  through  the  sounds,  and,  by  the  Dismal  Swamp  Canal,  to  the  northern  cities. 
Tobacco  and  other  produce  were  sent  by  that  route  from  Petersburgh  to  foreign  mar- 
kets, whenever  the  Chesapeake  Bay  was  occupied  by  the  enemy.  The  following  ex- 
tract from  the  books  of  the  Treasury  Department  will  show  the  importance  of  Beaufort 
Harbor  to  commerce  at  that  period,  and  its  contrast  with  the  usual  transactions  of  the 
port; 


Tear. 


1810 
1811 
1812 
1813 
IHU 
1815 
1816 


Gro0H  rev- 
enue. 


$5SS  00 

S.  681  00 

18, 116  00 

105, 314  00 

74, 774  00 

4,809  00 

3,358  00 


Tonnage  of 
the  port. 


Tons. 
999 
909 
1,032 
1,041 
l,4e6 
1,538 
1,344 


'^At  the  period  we  are  now  speaking  of,  the  inland  communication  was  embarrassed 
not  only  by  the  extreme  shoalness  of  Core  Sound,  which  still  continues,  but  the  Dismal 
Swamp  Canal  had  then  but  a  depth  of  18  to  20  inches,  and  a  breadth  of  about  18  feet  at 
the  surface,  and  it  was  otherwise  in  so  defective  a  state  that  the  passage  through  it  was 
sometimes  altogether  interrupted.  The  canal  is  now,  or  is  x)ropo8ed  to  be,  —  feet 
broad  by  6  to  7  feet  deep.  It  is  to  be  borne  in  mind,  also,  that  Ocracoke  had  then  about 
4  to  6  feet  in  ita  channels  over  the  shoals  in  the  bay,  and  that  there  existed  a  navigable 
commnnication  between  Currituck  Sound  and  the  ocean. 

**  I  subjoin  the  following  statements  to  enable  you  to  form  some  estimate  of  the 
value  of  the  inland-trade  connected  with  the  sounds  which  lie  between  Beaufort  and 
the  Chesapeake : 
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"Amount  of  certain  articles  transported  through  the  Dismal  Sioamp  Canal  during  ih^  years 

1833, 1834, 1835,  and  1836. 

'*  Quarter-casks  wine 6.39 

"Barrels  spirits 13,707 

"Barrels  pork 5,540 

"Barrels  flour 30,232 

"Barrels  fish 24,522 

"Bales  cotton 24,091 

"  Cubic  feet  scantling,  plank,  and  timber 960,672 

"Staves 23,450,211 

"Barrels  tar , '. 59,421 

"  Hogsheads  sugar 890 

"Hogsheads  molasses 1.601 

"Bushels  salt 150, 90o 

"Bushels  com 563,535 

"Bushels  wheat  and  flaxseed 31,004 

"Cords  wood 8,495 

"Shingles 100,154,475 

"Sundries §17,800 

"It  should  be  remarked  that  during  the  year  1835  the  navigation  of  the  canal  was 
obstructed  for  10  weeks,  and  in  1836  it  was  totally  suspended  for  70  days. 

"  The  accompanying  statement,  prepared  for  me  by  the  collector  at  Ooracoke,  shows 
that  1,149  vessels,  averaging  100  tons  each,  passed  through  that  inlet  during  the  year 
ending  October  1, 1836,  of  which  893  were  bound  coastwise,  and  256  to  foreign  ports. 
In  June  last  the  expense  of  lighterage  at  Ocracoke  was  estimated  at  flOO  per  vessel. 

"  It  is  known  that  because  of  the  difficulty  of  getting  directly  to  sea  from  the  north- 
ern ports  of  North  Carolina,  much  produce  finds  its  way  to  market,  indirectly,  through 
the  three  commercial  cities  of  Virginia.  I  have  not  yet  taken  measures  for  estimating 
how  much,  uor  the  value  of  the  foreign  or  other  goods  which  enter  the  State  through 
those  cities. 

"  I  am  of  opinion  that  the  improvement  of  the  sounds  of  North  Carolina,  as  a  general 
channel  of  communication  for  the  coasting-trade,  should  not  extend  to  the  westward  of 
Beaufort.  These  sounds  are  very  shallow ;  and  beyond  Swansboro'  they  are  generally 
filled  with  marshes,  through  which  wind  narrow,  tortuous  creeks,  in  which  we  find 
occasional  shoals  incapable  of  floating  at  low-tide  a  whale-boat  with  her  crew  on  board. 
Besides  which,  some  of  them  are  very  narrow,  and  the  sand-banks,  which  separate 
them  from  the  sea,  are  so  low  that  they  are  equally  exposed  to  the  inroads  of  the  oceau 
or  of  the  enemy.  It  is  along  this  line  of  coast  that  we  find  New  River  Inlet,  as  well  fi^i 
Bogue,  the  inlet  to  Whitock  River,  on  which  Swansboro'  is  situated. 

"  The  remarks  which  the  gentlemen  have  made  respecting  New  River  are  undoubtedly 
very  sound,  while  their  views  are  limited  to  the  existing  connection  of  that  river 
with  the  interior,  and  they  measurably  apply  also  to  Whitock  River.  Should,  however,  a 
navigable  canal  be  made  uniting  the  waters  of  Neuse  River  with  the  northeast  branch 
of  Cape  Fear  River,  (and  my  surveys  of  the  past  season  have  satisfied  me  of  its  prac- 
ticability,) then  the  importance  not  only  of  New  River  and  Whitock,  but  of  Beaufort 
Harbor  also,  may  be  greatly  enhanced  by  establishing  a  connection  between  them  and 
the  canal,  a  connection  which  their  position  in  relation  to  it  would  invite,  and  one 
which  might  be  formed  at  an  expense  much  below  the  value  of  the  improvement  to 
the  coasting-trade  and  to  the  general  commerce  of  the  country,  especially  in  time  of  war. 

'^Memorandum  of  distances^  roughly  estimate  in  statute  miles. 

"  Norfolk  to  Bogue  Point,  Beaufort  Harbor,  via  the  Dismal  Swamp  Canal  and  Core 
Sound,  206  miles. 

"  Norfolk,  via  Core  Sound  and  Beaufort,  to  the  main  bar  of  Cape  Fear  River,  350 
miles. 

"  Norfolk  to  Wilmington,  via  Dismal  Swamp  Canal,  Albemarle,  Croatan,  and  Pamplico 
Sounds,  Neuse  River,  Slooum's  Creek,  and  experimental  line  of  canal  surveyed  last 
year,  (57^  miles,)  to  northeast  branch  of  Cape  Fear  River,  and  thence  to  Wilmington, 
301J  miles. 

"  Norfolk,  via  Chesapeake  Bay  and  the  ocean,  to  Beaufort  Harbor,  about  260  miles. 

"  An  error  appears  to  have  been  fallen  into  respecting  the  authority  under  which  the 
surveys  were  made.  That  authority  is  altogether  distinct  from  that  for  executing  the 
work.  But  it  was  necessary  that  a  survey  should  be  made,  and  a  plan  of  improve- 
ment be  adopted  before  the  work  was  undertaken.  It  so  happened  that  the  appro- 
priation for  the  special  work  on  Core  Island  was  made  before  the  appropriation  and 
authority  for  the  general  survey  and  plans  for  an  inland  communication  between  the 
Chesapeake  and  Charleston.  The  two  duties  were  assigned  to  separate  branches  of 
the  service.    The  execution  of  the  work  on  Core  Sound,  in  the  iirst  instance,  to  the 
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engineers  of  fortification,  as  was  likewise  tlie  special  survey  and  improvement  of  New 
River ;  after  which,  and  before  the  engineers  charged  with  the  special  improvement 
had  commenced  operations  in  the  field,  came  the  authority  and  means  for  making  the 
general  survey,  &c.,  the  execution  of  which  was  given  in  charge  to  the  topographical 
engineers. 

**  It  wonld  seem  that  at  New  River  Inlet,  the  obstructions  have  been  surveyed  under 
the  authority  granted  for  its  improvement,  but  that  Core  Sound  has  not  been,  and 
that  the  work  of  improvement  has  not  been  commenced  at  either  place,  but  that  prepa- 
rations have  been  made  toward  it,  and  that  the  work  of  Core  Sound  halts  for  lack  of 
survey  and  plans. 

"  Both  Core  Sound  and  Now  River  fall  within  the  line  of  operations  of  the  officer 
charged  with  investigating  the  general  question  of  an  inland  coastwise  communication 
to  Charleston ;  and  the  sound  has  been  surveyed,  and  the  work  has  been  for  some  time 
past  in  a  state  of  preparation  to  enable  him  to  form  a  general  plan  of  improvement, 
and  to  estimate  the  cost  of  executing  it,  at  least  so  far  as  the  excavation  of  the  chan- 
nel is  concerned. 

'^  The  plan  of  improvement  which  he  would  recommend  exceeds  greatly  in  extent  and- 
point  of  expense,  as  has  been  already  intimated,  the  improvement  contemplated  by  the 
act  of  the  Twenty-fourth  Congress.  It  is  connected  with  a  general  system  for  the 
accommodation  of  the  coasting-trade  of  the  Union  in  peace,  and  its  protection  during 
war. 

*'It  has  been  questioned  by  the  officer  in  charge  of  the  duty  whether,  on  the  one 
hand,  his  plans  should  be  narrowed  down  to  the  limited  object  which  the  legislature 
were  apparently  contemplating  at  the  time  of  the  passage  of  the  act  of  1824 ;  or,  on 
the  other  hand,  would  he  be  warranted  in  proposing  his  plan,  or  could  the  Department 
undertake  the  execution,  without  legislative  sanction  of  a  project  so  far  exceeding  in 
dimensions  and  cost  the  one  which  the  act  referred  to  had  indicated  f 

''Again,  it  was  believed  that  the  general  inland  coastwise  navigation  should  abandon 
the  sounds,  and  be  carried  inland,  at  least  from  the  waters  of  the  Neuse  to  those  of  Cape 
Fear  River ;  although,  apparently,  the  legislature  deemed  that  it  might  follow  the  line 
of  sounds  upon  the  coast,  from  Pamlico  to  the  vicinity  of  the  new  inlet  of  Cape  Fear. 
At  the  same  time  the  engineer  was  persuaded  that  Beaufort  Harbor  was  so  important 
to  commerce,  that  it  deserved  to  be  made  the  principal  inlet  to  the  great  sonnds  of 
North  Carolina,  and  that  Core  Sound  should  be  improved  so  as  to  become  a  most  im- 
portant branch  of  the  general  inland  communication. 

**  Upon  so  serious  a  subject  it  was  to  be  questioned  whether  the  Department  would 
be  warranted  in  compromising  the  legislature.  It  is  yet  a  question  for  the  Department 
how  far  the  selection  of  either  route  ma^  compromise  the  execution  of  the  other. 

'*  The  officer  charged  with  the  execution  of  the  surveys  asks  the  orders  of  the  De- 
partment to  report  on  any  detached  portions  of  the  work. 

''  Should  it,  nevertheless,  be  deemed  expedient  to  open  the  channel  of  Core  Sound  at 
as  early  a  day  as  practicable,  in  anticipation  of  the  restriction  of  Ocracoke  Inlet,  or  to 
provide  against  the  contingency  of  war,  an  increased  appropriation  ought  to  be  asked 
for,  so  as  to  make  the  fund  available  for  the  current  year  amount  to  forty  or  sixty 
thousand  dollars. 

"J.  Eearxby, 
*'  Lieutenant-Colonel  TopogrqpMcal  Ji^'ngiuversJ'* 

Respectfully  submitted  by,  sir,  your  obedient  servant, 

J.  J.  Abkrt, 
Lieulenant-Colonel  Topographical  Engineers, 
Hon.  J.  R.  Poinsett, 

Secretary  of  War. 


2.— REMARKS  AND  CONDENSED  HISTORICAL  EXTRACTS  RELATING  TO  CHANGES  IN  COAST- 
LINE OF  NORTH  CAROLINA. 

''  Haklnyt's  collection  of  voyages,  imprinted  in  London  in  the  year  1600/'  giving  the 
original  report  made  to  Sir  Walter  Raleigh. 

First  voyage  was  "  made  to  the  coast  of  America  in  two  barks,"  wherein  were 
Captaines  Master  Philip  Amadas  and  Master  Arthur  Barlowe,  who  discovered  part  of 
the  country  now  called  Virginia,  anno  1584.    Written  by  one  of  the  said  captaines.'' 

April  27.—"  In  the  year  of  our  redemption  1584  we  departed  the  coast  of  England  by 
way  of  the  West  Indies,"  and  arrived  on  the  coast  of  Carolina  July  4,  1584.    The  fleet 
sailed  along  the  land  for  120  miles  before  finding  an  entrance.    "The  first  that  offered 
itself  we  entered,  though  not  without  some  difficulty."    The  beach  lay  stretching  itself  .' 
to  the  west,  which  they  found  to  be  an  island  20  miles  long  and  6  broad. 

This  account  agrees  more  nearly  with  the  coast  near  Ocra«oke  Inlet.  The  beach 
here  extends  nearly  east  and  west  for  a  short  distance,  although  its  general  trend  is 
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sonthwest,  and  the  broadest  part  of  tbe  "bank''  is  found  at  Cape  Hatteras.  At  the 
present  time  this  breadth  is  not  more  than  3  miles;  bat  it  seems  probable,  from  the  old 
maps,  that  at  one  time  it  was  much  wider.  This  locality  is  partly  identified  by  the 
visit  of  the  Indian  Gmnginemeo,  (the  brother  of  King  Wmgina,)  who  appears  to  have 
lived  at  Roanoke  Island.    After  the  visit  of  the  Indians,  the  account  proceeds : 

"Myself,  with  seven  more  men;  went  20  miles  up  the  river  that  runneth  toward  the 
city  of  Skicoak,  which  river  they  call  Occam,  and  the  evening  follotcing  to  an  island 
which  they  call  Roanoak,  distant  from  the  harbor  by  which  we  entered  7  leagues." 

A  village  is  mentioned  on  the  north  end  of  the  island,  where  they  were  met  by  the 
wife  of  Granginemeo.  I  would  call  attention  to  the  fact  that  this  distance  of  7  leagues 
cannot  be  reconciled  with  the  distance  of  Roanoke  Island  from  Ocracoke,  or  any 
other  practicable  inlet.  Nor  can  the  sound,  which  is  subsequently  called  a  great  sea, 
be  identified  with  the  river  Occam.  But  the  following  passage  would  seem  to  indicate 
that  Alligat<»r  River  might  be  the  Occam  of  that  date,  for  this  river  can,  on  account  of 
its  width  and  depth,  be  properly  called  "  the  great  river.'* 

The  city  of  Pomeiock,  then  situated  on  Mattamuskeet  Lake,  was  also  near  the  head 
of  the  river  Occam,  and  the  nearest  and  most  convenient  route  from  this  city  to  Ski- 
coak, according  to  Harlot's  map,  would  be  by  the  channel  of  this  river.  "  Beyond  this 
island,"  (Roanoke,)  continues  the  narrative,  "  is  the  main-laud,  and  over  against  this 
island"  (ought  it  not  to  be  main-land!)  "falleth  into  the  spacious  water"  (Albemarle 
Sound)  "  the  great  river  called  Occam  by  the  inhabitants,  on  which  standeth  a  town 
called  Pomeiock,  and  six  days' journey  from  the  same  is  situated  their  greatest  city, 
called  Skicoak." 

This  city  was  situated  somewhere  between  Suffolk  and  Portsmouth,  Va.,  and  the 
most  convenient  and  shortest  route  from  Pomeiock  would  have  been  by  the  way  of 
the  Alligator  River,  which  I  suppose  to  be  Occam.  The  statement  of  Amadas  that  he 
and  seven  men,  after  reaching  the  main-land  opposite  Ocracoke  Inlet,  passed  "20  miles 
up  the  river  that  runneth  toward  the  city  of  Skicoak,  which  river  they  call  Occam," 
is  not  so  easy  of  explanation.  Pamplico  Sound  could  not  be  mistaken  for  a  river,  as 
it  is  throughout  called  a  great  sea  or  sound.  The  most  plausible  explanation  is  that 
Long  Shoal  River  was  at  that  time  connected  with  Alligator  River.  This  is  pro- 
bable, because,  at  the  present  time,  it  is  barely  closed,  and  the  rapid  shoaling  and  fill- 
ing of  bays  and  channels  in  this  locality  by  weeds,  aquatic  plants,  and  sediment  has 
been  often  observed.  The  only  explanation  I  can  offer  for  the  erroneous  statement 
of  the  distance  of  Roanoke  Island  is,  that  the  writer  made  no  measurements,  but 
thought  that  the  inlet  where  he  entered,  the  main  where  he  landed,  and  the  island 
formed  (judging  by  the  eye)  an  equilateral  triangle.  Seven  leagues  is  very  nearly  the 
correct  distance  of  the  "inlet  where  he  entered"  from  the  main.  By  a  natural  error 
this  distance  was  supposed  to  be  the  same  as  to  the  island,  which  they  reached  the 
"  evening  following." 

In  the  History  of  Francis  Xavier  Martin,  published  in  New  Orleans  in  1629,  the  river 
Occam  is  supposed  to  be  identical  with  Pamplico  Sound,  but  the  original  reports  do  not 
sustain  this  conjecture. 

The  exploring  party  pushed  their  examination  toward  the  southern  part  of  the 
sound.  They  visited  the  town  of  Sequotan,  on  Pamplica  and  Nense  Rivers.  Here  they 
learn'ed  that,  twenty-six  years  previous,  a  ship  had  oeen  cast  ashore,  and  that  the  men 
who  were  saved,  after  remaining  ten  days  on  an  "  out  uninhabited  island  called  Wo- 
kokon,"  obtained  some  boats  of  the  country,  and  lashing  two  together  and  making 
sails  of  their  shirts,  attempted  to  escape,  but  were  oast  ashore. 

Amadas  examined  Albemarle  Sound,  and  passed  up  the  Chowan  River  to  the  Cipo 
and  Nomopana,  supposed  to  be  the  Nottoway  and  Meherrin,  or  Blaokwater  Rivers.  On 
one  of  these  was  situated  the  great  town  of  Chowanook. 

The  sounds  are  described  generally,  and  the  number  of  navigable  inlets  appear  to 
have  been  the  same  as  are  found  at  the  present  day.  "After  we  entered  tbe  haven," 
(or  sound,)  "  we  saw  before  us  another  mighty  long  sea,  for  these  lyeth  along  the  coast 
a  tract  of  islands  200  miles  in  length,  adjoining  the  ocean  sea,  and  between  the 
islands  two  or  three  entrances,  which,  when  you  have  entered  between  them,  (these 
islands  being  narrow  for  the  most  part,  in  most  places  6  miles  broad,  in  some  places 
less,  in  few  more,  there  appeareth  another  great  sea,  containing,  in  width,  in  some 
places  40,  in  some  50,  in  some  20  miles  over,  before  you  come  to  the  continent,  and  in 
the  inclosed  sea  there  are  about  one  hundred  islands  of  divers  bigness,  whereof  one  is 
16  miles  long,  on  which  we  live,  finding  it  most  pleasant  and  fertile  ground.''  The 
present  Roanoke  Island  is  but  11  miles  long,  but  has  been  and  is  still  being  washed 
away.  The  washing  is  particularly  active  on  the  sides,  or  next  to  Roanoke  and  Croatan 
Sounds. 

This  expedition  returned  with  such  glowing  accounts  of  their  discoveries,  that  Sir 
Walter  fitted  out  a  second. 

Second  voyage, 

Apnl  9, 1585. — The  second  fleet  of  seven  vessels  sailed  under  the  command  of  Sir 
Richard  Greenville,  (also  written  Grinvilleand  Grenville,)  with  the  intention  of  estab- 
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lisbing  a  permanoDt  colony.  Two  of  the  ships  were  of  140  tons  burden,  one  of  100 
tons,  and  one  of  50  tons,  with  two  pinnaces  and  two  small  boats.  Taking  the  West 
India  ronto,  they  reached  Wokokan  Jane  26. 

Next  day  the  Tiger,  140  tons,  is  lost  trying  to  enter  the  harbor. 
Jnly  3. — They  send  a  messenger  to  Wingina,  supposed  to  be  with  his  brother  on  Roa- 
noke Island. 

July  6. — Two  ship's  officers  were  sent  to  Croatan,  where  two  men  had  been  loft  the 
day  before. 

July  11. — "The  general,  (Greenville,)  accompanied  in  the  tilt-boat  with  Master  John 
Amndell,  Master  Stakely,  and  divers  other  gentlemen ;  Master  Lane,  Master  Candish, 
Master  Harlot,  (the  astronomer,)  and  twenty  others  in  twopinesses;  Captain  Amadas, 
Captain  Clarke,  with  ten  others  in  a  ship's  boat ;  Thomajs  Brookes  and  John  White  in 
another  boat,  (35  to  40  in  all,)  passed  over  the  water  from  Wokokon  to  the  main-land, 
victualled  for  eight  days" — in  which  expedition  they  discover  the  "  town  of  Pomeiock," 
(near  Lake  Mattamnskeet,)  "Aquascogoc,  Secotan,  and  also  the  great  lake,  Paquique, 
(or  Mattamnskeet,)  with  divers  other  places,  and  returned  with  that  discovery  to  onr 
fleet."  From  the  statement,  the  fleet,  after  the  loss  of  the  Tiger,  appears  to  have  an- 
chored outside.  The  course  of  the  expedition  was  directly  across  the  sound  from  Wo- 
kokon (Ocracoke)  to  the  main  near  Pomeiock,  (on  the  bank  of  Mattamnskeet;)  then 
they  visited  Pungo,  Pamplicp,  and  Neuse  Rivers. 

The  12th,  13th,  14th,  15th,  and  16th  of  July  were  spent  in  revisiting  these  same 
loealities. 

In  order  to  identify  the  points  above  mentioned,  the  raader  must  refer  to  Hariot's 
maps,  which  have  been  mentioned  before. 

July  21. — The  fleet  weigh  anchor  for  Hatorask,  (not  Cape  Hatteras,  but  some  point 
at  or  near  Oregon  Inlet.) 

July  27.— The  fleet  anchored  at  Hatorask.    It  must,  therefore,  have  taken  six  days 
for  the  fleet  to  have  beat  around  Cape  Hatteras. 
July  29.~Grangino,  brother  of  King  Wingiua,  came  on  board  the  Admiral. 
Augusts, — General  Sir  Richard  Greenville  weighed  anchor,  after  leaving  Phillip 
Amadas,  Arthur  Harlot,  and  others,  numbering  at  least  107  individuals,  under  Ralph 
Lane  as  governor. 

The  further  account  of  the  colony  is  found  in  the  report  of  Governor  Lane.  Lane 
sent  out  exploring  parties.  These  expeditions  were  made  in  a  four-oared  boat,  capable 
of  carrying  fifteen  men  and  seven  days'  provisions. 

"  To  the  northwest,"  says  Lane,  **  the  farthest  place  of  discovery  was  Chawanook, 
distant  from  Roanoke  (Island)  130  miles."  After  mentioning  Chesapeake  Bay,  the  nar- 
rative continues:  ''Our  passage  lyeth  through  a  broad  sound,  (Albemarle,)  but  all 
fresh  water  and  the  channel  of  great  depth,  navigable  for  good  shipping,  bnt  out  of  the 
channel  full  of  shoals."  The  town  of  Chawanook,  which  was  near  the  Chowan  River, 
could,  he  states,  put  700  men  In  the  field. 

He  discovers  the  rapid  rivers  of  Moratuc  and  Marattico,  outlets  of  the  Roanoke, 
which  empty  into  the  sound  of  Weopomeick  or  Albemarle. 

^  About  tnis  time  thefts  on  the  part  of  the  Indians,  wrongs  and  snspidions  on  both 
sides,  led  to  unfriendly  feeling  between  the  whites  and  the  natives.  A  fight  occurred, 
and  Wingina  was  killed. 

In  June,  1558,  Captain  Stafford  reported  that  ''he  had  discovered  a  fleet  of  23  sail  off 
the  coast."  It  proved  to  be  that  of  the  brave  and  skillful  navigator,  Sir  F^'ancis  Drake, 
who,  after  harrying  the  Spanish  Indies,  was  returning  to  England. 

This  able  commander  at  once  comprehended  the  necessities  of  his  countrymen,  and 
''  made  bountiful  and  honorable  offers,"  "  not  only  of  victuals,  provisions,  munitions, 
clothing,  but  also  of  barks,  pinesses,  and  boats,  they  also  to  be  manned  and  furnished 
to  my  contentation."  He  first  placed  at  Lane's  disposal  a  70-ton  ship,  fully  provisioned 
and  equipped,  but  a  storm  arising  she  was  blown  to  sea.  He  then  "  appointed  another 
of  170  tons,"  but  the  master  "  %Dould  noif  for  anything j  undertake  to  bring  her  into  the 
harhar," 

Much  discontent  and  discussion  now  arose,  and  the  colonists  petitioned  Lane  to  take 
them  back  to  England.  Sir  Francis  Drake  acceding,  the  colony  returned,  reaching 
England  July,  1586,  after  a  passage  of  thirty  days.  Lane  had  remained  in  North  Caro- 
lina from  the  17th  of  August,  15^5,  to  the  18th  of  June,  1583. 

Third  voyage,  1586. 

This  voyage  was  made  for  the  relief  of  the  colony  sent  by  Sir  Walter  in  1585,  who 
was  ignorant  of  their  departure.  A  ship  of  100  tons  was  first  sent,  and  fourteen  or 
fifteen  days  later  Sir  Richard  Greenville  sailed  with  three  ships.  But  the  colony,  as  has 
been  related,  had  left  Carolina,  and  were  already  near  their  native  country.  Sir  Rich- 
ard, after  a  short  stay,  concluded  to  leave  15  men  on  Roanoke  Island  and  to  return. 

Fourth  voyage, 

"Sir  W^alter  again  fitted  ont  three  ships,  one  of  120  tons,  one  fly-boat  and  pinesses 
and  prepared  a  second  colony  of  150  men,  to  be  sent  under  the  charge  of  John  White, 
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whom  he  appointed  p^overDor,  and  also  appointed  unto  him  12  assistants,  and  incorpo- 
rated them  under  the  name  of  governor  and  assistants  of  the  city  of  Raleigh,  in  Vir- 
ginia/' 

Jaly  16|  the  fleet  made  Cape  Fear,  which  the  pilot  mistook  for  Croatan.  (See  Harlot's 
map.) 

July  20,  they  reached  Hatorask,  (Oregon  Inlet.)  The  governor,  with  40  men,  pre- 
pared '^  to  pass  up  the  Roanoke  Island  forthwith,"  hoping  to  find  the  15  men 
who  had  heen  left  the  previous  year  by  Sir  Richard  Greenville.  On  inquiry  of  the 
Croatan  Indians  they  learned  that  the  15  Englishmen  had  been  set  on  and  slain  by  30 
of  the  men  of  Secota,  Aguscogoo,  and  Dasamohquepenc,  living  between  the  mouth  of 
Alligator  River  and  Pungo  River. 

To  revenge  this  act  they  make  a  night  attack  under  the  guidance  of  Manteo,  (an 
Indian,)  ana  slaughter  by  mistake  some  friendly  Indians. 

''  On  the  21st  of  August,  as  the  Lyon,  100  tons,  and  the  fly-boat  were  almost  ready- 
to  depart,  there  arose  such  a  tempest  from  the  northeast  that  our  admiral,  then  ridini^ 
out  of  the  harbor,  was  forced  to  cut  his  cable  and  put  to  sea,  where  he  lay  beating  off 
and  on  for  six  days.'' 

In  the  mean  time,  Governor  White,  being  earnestly  entreated  by  the  colonists  to 
return,  departed  from  Roanoke  Island  'Hhe  seven  and  twentieth  day  of  August,  in  the 
morning,  and  the  same  day,  at  midnight,  came  on  board  the  fly-boat,  which  had  already 
weighed  anchor,  and  rode  without  the  barrier,  the  admiral  riding  by  them,  who  bat 
the  same  morning  was  newly  come  thereto  again." 

If  the  fleet  were  at  that  time  o£f  Oregon  Inlet,  the  colonists  would  have  required  the 
time  mentioned  to  have  rowed  and  beat  under  sail  from  the  island  to  the  anchorage. 
The  same  day,  August  21,  they  set  sail  for  England.  The  report  closes  with  a  list  of  the 
colonists,  127  in  all,  among  whom  were  17  women,  9  boys,  and  2  children,  the  latter  bom 
in  North  Carolina. 

On  the  22d  of  April,*  1588,  Governor  White  again  sailed  for  America,  but  while  under- 
taking a  little  side  enterprise  of  his  own  against  the  Spanish  commerce,  he  was  himself 
captured. 

Fhftyi  voyage. 

On  the  20th  of  March,  1.590,  Sir  Walter  sent  three  ships  under  Governor  White,  who, 
as  usual,  took  the  southern  route  near  the  West  Indies,  and  came  to  anchor  near  a  nar- 
row island  supposed  to  be  Wokokon. 

Avgust  3. — They  found  themselves  off  the  coast, "  in  latitude  34,"  near  Cape  Fear. 

August  19. — ^'Anchor  in  9  fathoms  water  in  35  degrees  of  latitude,  near  a  long,  nar- 
row island  west  of  Wokokon.    Between  the  main  (as  we  supposed)  and  this  island  is 
but  one  mile  over,  and  3  or  4  feet  deep  in  most  places."    This  description  agrees  with 
Core  Sound,  but  the  latitude  is  near  34^  45'  rather  than  35°. 

August  12. — ''Anchor  at  northeast  end  of  Croatoan  (Cape  Hatteras)  by  reason  of  a 
breach  (channel  through  the  Hatteras  Shoals)  which  we  perceived  to  lie  out  2  or  3 
leagues  in  the  sea,  where  we  rode  all  night,"  "the  ship  riding  in  5  fathoms,  at  a  ship's 
length  it  was  4^,  then  deepening  or  shoaling  for  2  miles,  so  that  sometimes  we  found 
5  fathoms  and  by  and  by  7,  and  within  two  casts  of  the  lead  9  and  then  8  fathoms ; 
next  cast  5  and  then  6,  next  4  and  then  9  again  and  deepening,  but  3  fathoms  was  the 
last  at  2  leagues  from  the  shore."  *'  This  breach  lyeth  near  the  northeast  point  of 
Croatoan  Isfand,  whereat  ^oeth  a  fret  into  the  inner  waters,  which  part  the  islands 
(barrier  reefs)  from  the  mam  land." 

August  15. — ^Anchor  at  Hatorask. 

August  16. — They  send  a  boat  on  shore— latitude  36^°. 

August  17. — ^They  prepared  to  "go  up  to  Roanoke  Island."  "The  wind  blowing 
northeaat,  the  sea  broke  extremely  on  the  bar,"  so  that  the  admiral's  boat  was  nearly- 
swamped  while  passing  in  at  the  inlet,  and  the  second  boat  was  upset,  and  7  out  of 
11  men  were  drowned.  After  this  accident  two  boats  were  again  sent  out  with 
19  men  for  Hatorask.  They  anchored  that  night  at  Roanoke  Island  and  landed  the 
next  morning.  Here  they  found  the  recent  foot-prints  of  savages.  "As  we  entered 
up  a  sandy  bank,  upon  a  tree  near  the  very  brow  thereof  was  curiously  car^'ed  in  fair 
Romaine  letters  '  Cro,'  which  letters  presently  we  knew  to  signify  the  place  where  I 
ahould  find  the  planters  seated,  according  to  a  secret  token  agreed  upon  between  these 
men  and  me  at  my  last  departure  from  them,  which  was  that,  in  any  ways,  they  should 
not  fail  to  write  or  carve  on  trees,  post,  or  dores  the  name  of  the  place  where  thej 
should  be  seated,  for  at  my  coming  away  they  were  proposing  to  remove  into  the  main ; 
therefore,  at  my  departure  in  1587, 1  willed  tliat  if  they  should  happen  to  be  distressed, 
that  they  should  carve  over  the  letters  or  name  a  cross."  "  Having  well  considered 
this,  we  pass  toward  the  place  where  they  were  left  in  sundry  houses,  but  we  found 
the  houses  taken  down  and  the  place  strongly  inclosed  with  a  high  pallasade  of  trees  ; 
on  the  chief  tree  or  post  on  the  right  of  the  entrance  had  the  bark  taken  o£f,  and  5  feet 
from  the  ground,  in  fair  capital  letters,  was  engraven  '  Croatan,'  without  cross  or  sign 
of  distress."    Here  also  they  found  "  bars  of  iron,  pigges  of  lead,  and  iron  tools,  over- 
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grown  with  weeds  and  grass.'*  Not  far  off  they  "  find  divers  chests  broken  up,"  and 
in  the  end  of  a  trench,  made  by  Captain  Amadad,  five  chests  were  foand,  three  of  which 
White  recognized  as  his  own,  also  some  books  torn  from  their  covers,  and  the  "  frames 
of  some  of  my  pictures  and  maps,  and  my  armor  almost  eaten  through  with  rust.  This 
conld  be  no  other  than  the  deed  of  the  savages,  oar  enemies,  the  Dasamaqueheuk.'' 

While  looking  for  water  a  storm  arose,  which  obliged  the  men  to  leave  the  casks  on 
the  island.  The  wind  increasing  at  night,  they  double  their  anchors  and  cables.  The 
next  day  they  weigh  anchor  for  Croatan,  (now  Ocracoke,)  but  before  leaving  came  near 
grounding  at  Kendrick's  Mount. 

From  the  above  account  of  the  fifth  voyage  it  would  seem  that  the  fleet,  after  dis- 
patching the  two  boats  through  Oregon  Inlet,  (Hatorask,)  had  moved  down  the  coast 
to  the  safer  anchorage  near  Croatan  or  Cape  Hatteras. 

The  latitude  of  the  breach  out  at  sea,  which  they  so  carefully  sounded,  would  place 
it  near  Wimble's  Shoals,  but  the  description  proves  that  this  must  be  an  error,  the 
latitude  being  S5'  too  far  north. 

The  latitude  of  Hatorask,  the  description  of  which  corresponds  with  Oregon  Inlet, 
is  given  as  in  36^-  degrees  by  Governor  White,  but  this  would  place  the  inlet  near 
Trinity  Harbor,  an  impassable  inlet  north  of  Roanoke  Island,  according  to  Harlot's 
map.  It  is  therefore  necessary  to  suppose  an  error  of  33'  in  this  latitude  in  order  to 
explain  the  discrepancies. 

It  will  be  seen  from  the  historical  extracts  of  this  note  that  Sir  Walter  Raleigh 
never  visited  the  coast  of  Carolina,  and  that  one  of  his  fleets  entered  Ocracoke,  the 
others  anchoring  off  Hatteras  or  Oregon  Inlets  until  they  disembarked  the  explorers  or 
colonists. 

Roanoke  Inlet  does  not  appear  on  any  of  the  maps  until  1703.  After  that  date  it 
assumes  importaoce  on  the  maps.  But  I  am  inclined  to  think  that,  as  this  part  of  the 
coast  ceased  to  be  visited  at  this  date,  the  depth  of  water  on  the  bars  of  many  of  the 
inlets  was  greatly  exaggerated. 

All  the  labor,  suffering,  bravery,  and  endurance  manifested  on  these  expeditions 
proved  ineffective  in  establishing  a  colony.  In  1G03  there  was  not  a  single  individual 
left  on  the  main.  Sir  Walter  Raleigh,  who  had  so  liberally  supplied  the  means,  was 
beheaded  in  1618. 

About  the  period  of  the  Revolution  the  maps  of  our  coast,  published  by  the  English 
government,  began  to  assume  greater  accuracy,  bat  it  was  not  until  the  charts  of  the 
United  States  Coast  Survey  were  published  that  any  accurate  representation  of  our 
harbors  and  coast-lines  could  be  obtained. 


3,— leiter  of  president  of  the  albemarle  and  chesapeake  canal  company. 

Office  of  the  Albemarle  and  Chesapeake  Canal  Company, 

Norfolk,  Ta.,  July  2, 1875. 

Sir  :  The  southern  branch  of  the  Elizabeth  River,  which  affords  navigation  from  the 
city  of  Norfolk  to  the  Albemarle  and  Chesapeake  Canal,  having  been  placed  under 
your  direction,  it  affords  me  great  pleasure  to  state  that  the  improvements  suggested 
by  Col.  William  P.  Craighill,  United  States  Engineers,  and  partially  executed  under 
his  direction,  together  with  those  subsequently  designed  and  executed  by  you,  have 
greatly  improved  the  natural  channel. 

Steamers  and  sail- vessels  bound  to  North  Carolina  and  parts  farther  south  may  now 
leave  Norfolk  at  any  state  of  the  tide  and  reach  the  canal  without  delay.  In  my  letter 
to  Colonel  Craighill,  dated  July  25, 1874, 1  expressed  the  hope  that  Congress  would 
reco^ize  the  importance  of  an  inland  water-route  from  the  New  England  States  to 
Florida,  and  perhaps  to  Texas ;  and  it  was  with  great  pleasure  I  noticed  that  at  its 
late  session  it  provided  for  a  survey  of  ^'  a  line  between  the  Neuse  and  Cape  Fear  Riv- 
ers, in  North  Carolina,  with  a  view  to  connect  the  waters  of  the  same,  and  a  like  line 
with  a  view  to  connect  the  waters  of  Norfolk  Harbor,  in  Virginia,  with  the  waters  of 
the  Cape  Fear  River,  at  or  near  Wilmington,  N.  C'  The  great  inland  water-line 
fr<^  New  York  to  North  Carolina,  now  completed  by  means  of  the  Albemarle  and  Ches- 
apeake, Chesapeake  and  Delaware,  and  Delaware  and  Raritan  Canals,  is  of  vast 
importance,  both  in  a  commercial  and  military  point  of  view:  and  to  continue  this 
line  to  Florida,  and  perhaps  to  Texas,  at  some  future  day,  should  engage  the  attention 
of  the  General  and  State  governments.  Nature  has  almost  given  us  this  line.  A  few 
short  canals,  and  a  little  improvement  in  the  natural  water-courses,  will  give  us  this 
much-to-be-desired  and  safe  channel.  The  present  existing  line,  commencing  at  our 
great  commercial  emporium,  is  as  follows : 

1. — New  York  to  Philadelphia, 

Delaware  and  Raritan  Canal,  length  43  miles ;  locks,  24  feet  wide  and  220  feet  long ; 
navigable  for  vessels  drawing  7  feet. 
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2. — Philadelphia  to  Baltimore. 

Chesapeake  and  Delaware  CaDal,  lenp^th  14  miles;  locks,  24  feet,  wide  and  2*20  feet 
long ;  navigable  to  vessels  drawing  10  feet. 

3. — Baltimore  to  Xorth  Carolina. 

Tico  routes.  1.  Dismal  Swamp  Canal,  length,  29  miles;  five  locks  17  feet  wide  and 
94  feet  long  ;  navigable  for  vessels  drawing  4  feet. 

2.  Albemarle  and  Chesapeake  Canal,  length  14  miles;  one  lock,  40  feet  wide  and 
220  feet  long ;  navigable  for  vessels  drawing  7  feet,  and  miter-sill  of  lock  placed  for  10 
feet. 

From  North  Carolina  son th ward  the  line  of  inland  navigation  has  not  been  deter- 
mined. A  party  of  engineers,  under  yonr  direction,  have  gone  to  explore  the  country, 
and  I  trust  will  find  a  suitable  route.  The  Dismal  Swamp  Canal  was  built  at  an  early 
period  of  our  history,  and  more  in  reference  to  procuring  lumber  and  shingles  from 
the  Great  Dismal  Swamp  than  for  the  purposes  of  navigation ;  in  fact,  its  present 
charter  was  procured  from  the  States  of  North  Carolina  and  Virginia  as  early  as  1766, 
and  its  locks  constructed  of  wood,  and  affording  navigation  only  for  lighters.  About 
the  year  1818,  Congress  having  aided  the  company  by  a  liberal  subscription  to  its 
stock,  the  canal  was  enlarged  to  its  present  capacity,  and  stone  locks  substituted  for 
those  of  wood.  Since  the  opening  of  the  Albemarle  and  Chesapeake  Canal,  with  its 
sreat  stone  lock,  enlarged  canal,  and  inexhaustible  supply  of  water,  constructed  especially 
for  ihe  use  ofeteam,  the  trade  that  formerly  sought  a  market  through  the  D^mal  Swamp 
Canal  has  been  diverted  through  the  Albemarle  and  Chesapeake  Canal,  as  will  more 
fully  appear  by  reference  to  the  last  annual  reports  of  the  two  companies.  The  Albe- 
marle and  Chesapeake  Canal  has  no  tow-path,  steam  being  exclusively  used  in  towing 
and  transportation.  During  the  fiscal  year  ending  September  30, 1874,  the  following 
vessels  passed  through  the  Albemarle  and  Chesapeake  Canal,  viz:  Steamers,  2,214; 
schooners,  1,607;  sloops,  654 ;  barges,  338;  lighters,  937;  boats,  411 ;  raffcft,  122;  total, 
6,283. 

For  the  nine  months  ending  June  30, 1875,  steamers,  1,885 ;  schooners,  1,368 ;  sloops, 
554 ;  barges,  246 :  boats,  182 ;  rafts,  54 ;  lighters,  539 ;  total,  4,828. 
Respectfully,  your  obedient  servant, 

Marshall  Pabks, 
President  Albemarle  and  Chesapeake  Canal  Company. 

Mr.  S.  T.  Abert, 

United  States  Civil  Engineer. 

4.  LETTER   FROM   HON.  WM.  J.  M'aLPINE,  CIVIL  ENGINEER,  OX  THE  CAPACITY  OF  THE 

ALBEMARLE    AND  CHESAPEAKE  CANAL  FOR  TONNAGE. 

Albany,  February  25, 1871. 

Dear  Sir:  You  have  requested  from  me  a  statement  of  the  capacity  of  your  canal, 
and  as  compared  with  that  of  the  New  York  Erie  Canal. 

The  actual  capacity  of  a  canal  is  measured  by  the  tonnage  of  the  boats  which  the 
locks  will  allow  to  pass,  and  the  time  required  to  bring  the  boats  into,  lock  them 
through,  and  pass  from,  leaving  the  locks  ready  for  the  entrance  of  a  second  boat. 

When  the  boats  present  themselves  in  regular  order  for  alternate  lockings,  the 
capacity  of  a  canal  like  yours  becomes  enormous. 

in  reply  to  your  categorical  questions,  I  hfive  therefore  at  first  to  assume  the  above 
conditions. 

Your  lock  will  allow  boats  of  a  displacement  which  will  average  200  feet  long,  40 
feet  beam,  and  6  to  7  feet  draught,  or  about  1,500  tons,  weight  of  boat  and  cargo,  or  of 
about  1,000  tons  of  cargo  alone. 

The  lift  of  your  entrance-lock  varies  irom  1  to  4  feet—depending  on  the  tides  and 
the  prevailing  winds  of  the  Atlantic.  Six  boats  an  hour  moving  in  the  same  direction 
can  be  locked  through,  or  ten  boats  an  hour,  if  they  present  themselves  alternately  in 
each  direction. 

This  would  give  either  240  or  144  boats  per  day,  and  allowing  fifteen  days  in  each 
year  for  obstruction  by  ice,  &c.,  would  show  a  capacity  of  from  eighty-four  to  fifty 
million  of  tons  annually. 

The  Erie  Canal  locks  allow  the  passage  of  boats  with  a  displacement  equal  to  an 
average  of  100  feet  length,  17^  feet  beam,  and  6  feet  draught,  giving  327  tons  of  weight 
for  the  boat  and  carso,  or  250  tons  of  cargo  alone. 

Three  hundred  lockages  are  often  made  in  one  day  with  the  aid  of  its  double  locks, 
or  one  lockage  every  five  minutes  through  locks  of  8  to  10  feet  lift,  which  for  eight 
months,  or  two  hundred  and  thirty-three  working-days,  would  give  an  annual  capacity 
of  about  seventeen  million  of  tons. 

The  Erie  Canal  is  closed  by  ice  for  nearly  four  months  in  each  year. 

Tbere  are  seasons  of  the  working- year  when  the  boats  present  themselves  unequally 
in  the  opposite  direction,  and  at  others  when  the  business  does  not  demand  the  use  of 
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all  the  boatSy  so  that  even  with  the  double  locks  the  greatest  amount  of  tonnage  ever 
carried  throngh  the  Erie  Canal  in  the  eight  months  was  about  six  and  a  half  million 
tons. 

The  Albemarle  and  Chesapeake  Canal  locks  allow  vessels  of  four  times  the  tonnage 
of  the  Erie  to  pass,  and  although  those  larger  vessels  would,  under  different  circnm- 
stanceSi  require  longer  time  for  lockage,  yet  with  your  locks  of  so  small  lift  .the  lock- 
ages might  be  made  in  the  same  time  as  has  been  found  practicable  on  the  Erie. 

Hence  it  can  be  said  that  practically  your  canal  has  a  capacity  four  times  as  great  as 
that  of  the  Erie,  or  (in  twelve,  instead  of  eight  months)  of  thirty-nine  million  of  tons 
annually. 

This  is  (if  I  remember  correctly)  more  than  two  hundred  times  as  great  as  your  pres- 
ent annual  tonnage. 

I  am  not  advised  of  the  use  which  you  desire  to  make  of  this  reply  to  your  question, 
but  as  it  contains  a  mere  statement  of  facts,  I  have  no  objection  to  your  using  it  in 
public  or  in  private,  as  you  think  proper. 
Very  truly,  yours, 

Wm.  J.  McAlpine. 

Marshall  Parks,  Esq.,  President,  cf-c. 


5.  The  following  tables  relate  to  the  trade  which  passes  annaally 
through  the  Albemarle  and  Chesapeake  Canal : 

yumher  and  class  of  vessels  passed  through  the  Albemarle  and  Chesapeake  Canal  from  Octo- 
ber 1, 1860,  to  September  30, 1875. 
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Report  of  number  and  class  of  vessels  passed  through  the  Albemarle  and  Chesapeake  Canal 

from  October  1,  1874,  (o  S^tember  30,  1875. 
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)66 
383 
333 
803 
204 
194 
168 
162 


2,408 


131 
136 
197 
171 
113 
181 
177 
160 
107 
239 
151 
84 


1,837 


41 
115 
88 
68 
50 
94 
85 
43 
33 
47 
46 
34 


723 


40 
35 
36 
20 
17 
23 
29 
30 
28 
35 
31 
26 


340 


1,203 


Sonth 1    1,206 


915  j 
933  I 


.160 
363 


170 
170 


Total I    3,408  1     1,837       733  i    340 
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10 

45 

16 

58 
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49 

30 

58 

91 

51 

96 
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117 

46 

116 
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697 

435 

347 

810 

350 
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1  697 

1 

435 

9 
5 
6 
3 
4 
6 
3 
10 
8 
5 
8 
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5 

o 
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73 


569 
633 
633 
489 
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604 
606 
518 
446 
670 
566 
368 


6,503 


73 


73 


3,377 
3,325 


6,503 


426 


REPORT   OF   THE   CHIEF    OF   ENGINEERS. 


S5 


O 
CO 


2 


I 
I 


S 

MM 

s 


s 

.9- 


e -^  Q -<  ift  e>  Q  e»  ei  n  X  K 


of 


11 


O  t^  9  000< 


cf-r    «f 


g 


Tio«iojJwa 


04  01  rS  f^  rH  OI  f^  i-l  0« 


>oo 


*^pra  8X^q9ns 


ffi-ro'of 


ooo 


•»pw  e^ijws 


«n9>t?:Axr«x^eom9» 


'i[«q  eoiBS 


n«ooQ»Otnxg>^o< 
f-in^^necor^eloi^ 


ot 

CO 


3 


•doj  enox 


^*  P9  ©t 


'oovnS  eaox 


Mf-l^-c)x«cnoxtf:o 
o*  ^o»  ^r-f-i 


o*  ^@  ^1 


to 


'uoji  epano  J 


i-J' «o  t-"  tff  eo' of  otT  eo"  to"  m"  ^"  ^ 


CO 


•10!)ti£o   «i9q8iis 


otro"ofor©"td'   w" 


pa«  gain  siisvo 

«0'vMrf«oc»».':5eiiooo 

fHfii^  h>                 CO  O       v*       Of 

2,910 

•ojvii  sa)iuo 

cxr-c-oo»».t^^«oo  — 

'««•  rH         fH               ,-1  M  »H               ^ 

3 

■silvilsSos 

vOtf^^i^Otf^                      Ol 

D|qno  'oiviipjiiH 


JO  io55--^©^£^oi  o« 


'%99J 

o^qno  'spooS  ^q 


*  1-1 1»  ^  f-i  of  «0  ^  of  f^  11  ^ 


'O079qo%  saxos 


— «C}'?*»ft»-««cr-o»oir5 
•:«0xc»ir}ot^^SaDo) 

I  01  n  <-l  iH  04  Ot  fH  r^  »H 


of 


•saoqs 

pa«    BfVq   B9X0S 


Sn&i«^^§noAO(§ 


"saipavo  *^  I 
pav  dvos  sexogV 


--ooooi©r-p»o»croe5  5» 

OtflClr^rlrii-lv-iOlfHflr« 


of 


Ot 


*99J[f09  88«S 


A:-!S!Oonco<omo*^'7 

01  f^  01 -^  r^  r^  »H       r^       rN  ^^ 


'jsSns  fltduvs 


ir-'5«ior-»H«P5P--«xoi 


of 


'ei^uids  s[9iJiis 


e^^xopoQXOtoio^ 


'SOSSBXOOI  8{9xnis 


NTO'^—  X^WOJ03r-T-i 

tjrtr-MOiQQOixxr-Q 
Nfmr^iHnnOlvirSi-tol 


CO 

i 

ef 


•qsg  stojivg 


r^onv-iotoieoiOOt^oi'N 


■jnop  «I9U«S 


(eon<iocooeiir«'v» 
irf'eo"  of  of  ^'of  of  e^of  f-Tof  of 


*j99q 
poB  J9PP  e|9xnta; 


r«o^  Tf^cocoxca-^xoco 

f^  ^  »H  Of<->>-i-<OI 


S3 


pcrej99qBi9Xi«s 


x^r^Of-TOrtt^coP? 
xovr-So^t^mtAxe 


9 

A 


*p«9jq  8I9XI«S 


ftJSgJr-^^  — ©TO* 


s; 


of 


OB 

o 
e 


S 

o 
H 


s  s 


^Qt-afcS<:S>^  •?<;{» 


UTOA 


& 


m 

C 


KEPOKT  OP  THE  CHIEF  OF  ENOINEEBS 


427 


$5 


©a 

9: 


IS 


I 


s 


4> 


$ 


i 


2 


ioe«o^ooo9«n 


*e9A«;(|j  I     rfTTf53*5fg"r^<o"—?5"xef 


coo  31 


30  (O  1-  O)  Cj  O 


«t 


-93i9a|qs 


^ 


lA 


w    *    »    «» 

SoSo: 
ef  ©f  ©f  ^  i-T  e>f  ©f  rf  «' ef  ©f  rt 


OD 


'jaqiani  ;d9j 


5' 

O' 


o  »-•  as  rf  ¥  t?  t^ 


£««  ^9  «  fff »  ^ 
O  lA  V  M  O  3U 


i    . 


'<9fl«adpire 
')«9qii«|9q«iis 


-*  *  s 


«  — -*  *Q 
^9*  " 


s 


00 


fff 


§i 


5r  I 


•^«  -*»  -«:i-<riHM« 


o 
n 


-o)od  ffidqeng 


I 

00  00*  -«'  i-T  K  n  «  — "  of  « 


•ron-pTOJiiBH 


'OJOO  8I9q0QS 


Ort'oJ"     T-T     M"©f©f« 


go»  ?5  — ».'» »  o  «  —  a  o  01 
—  e5qc©lo«  —  —  ©■^•- 


"«l-<3i         --St 


i 


8 


•■^looiq-^wri  I 


o 
:9< 


-«n^©ir- 


lis 


m 


'aoavq  «pano^ 


ace«ooAn'NConwir-o 


o 


*aoi|  Bpano J 


2 


.  _l 


'«9u  spnno  J 


iSoo^UoelS 


o  *n 


s 


eo 


'P998 

.x«5  «loq«iis 


« 'otxnaadra) 


i*»n 


rt  «p 


sscSaii 


s 


o 


ODX 


xo«rtri-«r-»*So 


•qiff  9iaLnia 


S3'  as  r-  «  Ti  rr  o  3 
*  rt  *»  —  »-  »i%  X  5 
OttOIC<C^SSO-^C 


!•«$ 


*U0)^09  «91VS 


^aC  r- ©  ^  rt  r- ift  ^«  ^ 


428 


REPORT    OF   THE    CHIEF   OF   ENGINEERS. 


> 


3 

St 


1 

Q 


8 


o 


o 
« 

I 

CO 

00 

a 

o 

o 

O 

I 

B 

o 
o 


4 

a 
a 

s 

XI 
tfi 

a 

u 
<p 


O 


®    -I 

2    - 

P4 


4 

a 

2 
I     § 


8 
S 


to 

•§ 

tfi 

.a 

Q 


IS 

.2 

I 

•s 


1 


S 

■*» 
o 


b5 


"8. 


s 


s 


^ 


§ 

I 


S 

I 


<«  >n  00  m  (•  ^  A  3* 
ait-iHwaoooct-ol 


Xlfl 


t-'Vcfi-T^      <©-*'©f 


»-« i/5»-« 


^-^sssss 


ri«b 


« t-  s»  5©  "<»f  -;  p 

«k  »  «« 


I 


ft; 


I 


I 


s 


«*?§§; 


«r* 


^  CO 


^eii§i§§iii§iiiii§§ 


!»  — wr- 
it-f—M 


.irt  T-i  >fl  55  5 


ter-t-P3^^i?>aoolTHeor-<io^oeo 


8CQ«H«^^OQOconaou)*HtoQOAgo 


4 

in 


<s 


a 


■ 

go 


5  I  fl-Jzj  bc^Z! 


O 


o 

oe  a  ® 
OOJZJ 


s; 


00 


?2 


o 

I  2 

1   >■ 

.9 

o 

d 

-s 

a 


o 
p 

CO 


s 


§ 


SB 


c8 

P 


s 

p 

e 
p 

a" 

I 

S 

p 

I 


•s 

P 
P 

O 

S 
et 

o 

EF 

cs 


5 

o 
H     I 


REPORT  OF  THE  CHIEF  OF  ENGINEERS.         429 

The  two  following  letters,  from  the  collectors  of  tbe  ports  of  New  Berne  and  Beaufort, 
contain  some  interesting  statistical  facts  : 

LETTER  FR05I  COTJ-ECTOR  OF  CUSTOMS  AT  KEW  BERNE,  N.  C. 

CusTOM-HousE,  New  Berne,  N.  C, 

Collector's  Office,  October  27, 1875. 

Sir  :  In  compliance  with  yoar  request,  I  submit  the  following  statement  relative  to 
tbe  trade  of  New  Berne,  N.  C. : 

The  total  number  of  vessels  entered  coastwise  during  the  year  ending  July  31,  1875, 
was,  steamers  150,  tonnage  35,000 ;  sail- vessels  40,  tonnage  3,890 ;  total  entrance,  38,890 
tons  and  190  vessels.  Entrance  of  American  vessels  tcom  foreign  ports  6,  tonnage 
5u0.  Clearance,  domestic  commerce,  steamers  40,  tonnage  9,765 ;  sail- vessels  12,  tou- 
nage  1,200.  Foreign  clearance,  American  vessels  7,  tonnage  687.  The  j^atest  draught 
of  water  required  by  any  of  the  above  vessels  is  8^  feet.  These  statistics-  have  been 
compiled  from  the  records  of  this  office,  and  one  hundred  per  centum  may  be  added  to 
the  total  tonnage  for  the  reason  that  all  vessels  engaged  m  the  coastwise  trade,  north 
of  the  southern  limits  of  Georgia,  are  not  required  by  law  to  enter  and  clear  at  the 
custom-house ;  hence  we  have  no  official  record  of  this  class.  There  has  been  consider- 
able decline  in  the  tonnage  as  compared  with  former  years,  owing  to  the  fact  that  the 
large  steamers  formerly  plying  between  this  port  and  Philadelphia  and  New  York 
have  been  withdrawn.  No  vessels  drawing  over  8^  feet  can  cross  the  bar  at  the 
''Swash,"  Hatteras  Inlet,  (inside,)  and  it  frequentlv  occurs  that  vessels  passing  in  the 
inlet  with  this  draught  are  detained  on  the  ''  Swash.*'  The  obstruction  known  as  the 
''  Blockade,''  caused  by  sunken  vessels  placed  there  during  the  war,  leaving  only  a 
narrow  channel,  and  distant  from  New  Berne  about  three  miles,  is  the  most  serious 
impediment  to  the  navigation  of  the  river  in  approaching  and  leaving  New  Berne. 
This  statement  will  apply  to  Washington,  N.  C. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

T.  A.  Henrv,  Collector, 

Mr.  S.  T.  Abert, 

United  States  Civil  Engineer. 


letter  FROM   COLLECTOR  OF  CUSTOMS   AT  BEAUFORT,   N.   C. 

Beaufort,  N.  C,  September  2,  1875. 

Sir:  In  reply  to  your  inquiry,  I  submit  the  most  reliable  information  in  regard  to 
the  trade  of  this  place  I  can  obtain. 

Coming  through  Bogue  Sound  to  Beaufort  Harbor,  1,000  bales  cotton,  4,000  barrels 
turpendue,  2,000  barrels  spirits  turpentine  and  resin;  other  products,  including  salt 
ti»h,  $2o,000. 

Coming  through  Core  Sound  to  Beaufort  Harbor,  bound  for  this  place,  Wilmington, 
and  other  ports,  150,000  bushels  corn. 

Sent  through  Core  Sound  from  Beaufort,  5,000  barrels  salt  fish,  20,000  bushels  oysters, 
10,000  bushels  potatoes. 

I3rought  to  Beaufort  for  sale  and  shii)ment,  otherwise  than  through  the  sound,  500 
bales  cotton ;  other  produce,  $50,000. 

The  total  resources  of  the  county  are  about  2,000  bales  cotton,  20,000  barrels  fish ; 
other  produce,  $100,000. 

The  depth  of  water  on  the  bar  is  16  feet  at  high-water,  12  feet  at  low-water,  and 
30  feet  after  crossing  the  bar.  I  will  be  pleased  to  give  you  any  other  information  in 
my  power  that  you  may  desire. 

I  am,  sir,  very  respectfully,  &c., 

A.  C.  Davis,  Collector. 

Mr.  S.  T.  Abert, 

United,  States  Civil  Engineer 
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APPENDIX  H. 

ANNUAL  REPOET  OF  LIEUTENANT-COLONEL  Q.  A.  GILL- 
MORE,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30, 1876. 

United  States  Engineer  Office, 

New  YorJc,  July  14, 1876. 

General  :  I  have  the  houor  to  submit  herewith  the  annual  reports 
for  the  fiscal  year  ending  June  30, 1876,  upon  the  works  of  river  and  har- 
bor improvement  under  my  charge. 

Very  respectfully,  your  obedieut  servant, 

Q.  A.  Gillmore, 
Lieut.  Col.  of  Engineers^  Bet.  Maj.  Gen.,  U,  S.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Eyigineers,  U.  S.  A.  x 


H  I. 

CHARLESTON  HARBOR,  SOUTH  CAROLINA. 

During  the  fiscal  year  ending  June  30, 1876,  the  sum  of  810,000,  appro- 
priated by  the  act  of  Congress  approved  March  3, 1875,  together  with 
the  balance  of  the  former  appropriations  available  at  the  close  of  the 
fiscal  year  ending  June  30, 1875,  has  been  expended  in  completing  the 
removal  of  the  outer  end  of  "  Bowman's  "  Jetty  to  a  low-water  depth  of 
16^  feet,  so  as  to  give  a  channel  of  that  depth  and  a  width  of  nearly 
300  feet  between  the  end  of  the  shortened  jetty  and  the  nearest 
point  of  Drunken  Dick  Shoal,  and  also  in  dredging  in  Beach  Channel 
with  the  United  States  dredging-steamer  Henry  Burden.  A  gap  or 
depression  in  the  shore  end  of  the  jetty,  through  which  the  tide  ebbed 
and  flowed  near  high- water,  thus  wearing  away  the  beach,  was  also  per- 
manently closed  to  high-water  mark  of  spring- tides. 

The  engagement  of  Mr.  Griffen  under  special  authority  of  the  Chief  of 
Engineers,  dated  March  8, 1875,  was  continued  until  August  2,  at  which 
time  it  was  estimated  that  the  completion  of  the  contracts  existing  at  the 
beginning  of  the  fiscal  year  with  Mr.  Maillefert  and  Mr.  Symons  would 
give  the  required  depth  of  16J  feet  low-water  sounding  over  the  entire 
length  of  the  jetty  to  be  reduced.  Mr.  Griflfen  under  this  agreement 
removed  241  cubic  yards  of  stone  during  the  past  fiscal  year,  and  piled  it 
on  the  outer  end  of  the  jetty. 

Under  the  contract  entered  into  with  Mr.  B.  Maillefert  May  1, 1874:, 
for  the  removal  of  2,000  cubic  yards,  there  were  removed  from  the  outer 
end  of  the  jetty  422  cubic  yards,  which  completed  this  contract. 

Mr.  Symons's  contract  for  the  removal  of  2,500  cubic  yards  was  com- 
pleted in  March,  1876,  with  the  removal  of  2,004  cubic  yards. 

Total  number  of  cubic  yards  of  stone  removed  by  the  three  contractors 
during  the  fiscal  year  was  2,667,  of  which  663  cubic  yards  were  spiled  on 
the  shore  end  of  the  jetty  and  2,004  deposited  in  deep  water. 

The  dredging  of  this  channel  by  the  dredging-steamer  Henry  Burdeu 
was  commenced  in  September  and  continued  through  October.    During 


r' 


REPORT   OF   THE   CHIEF   OF   ENGINEERS.  431 

this  time  9,632  cubic  yards  of  sand  were  removed  and  the  channel  made 
200  feet  wide,  13  feet  deep. 

Since  the  completion  of  the  removal  of  the  outer  end  of  the  jetty,  that 
portion  of  the  channel  that  was  before  deep  has  shoaled  considerably. 
Whether  this  is  permanent  or  not  I  am  anable  to  state,  bat  it  is  pro- 
posed to  remove  this  by  dredging,  $10,000  having  been  asked  for  this 
purpose  in  my  last  annual  report. 

No  further  appropriation  is  now  recommended  for  continuing  this 
work  beyond  the  amount  above  specified. 

In  my  last  annual  report  the  fact  was  mentioned  that  the  municipal 
authorities  of  the  city  of  Charleston  had  undertaken  the  improvement 
of  the  Pumpkin  Hill  Channel  over  the  main  bar  opposite  the  south  end 
of  Morris  Island,  under  a  contract  with  Mr.  Benjamin  Maillefert.  This 
channel  was  inspected  in  January  last  by  my  assistant.  Captain  Post, 
Corps  of  Engineers,  at  the  request  of  Mr.  S.  T.  Tupper,  president  of  the 
chamber  of  commerce  of  the  city.  He  reported  that  there  was  no  per- 
ceptible improvement  in  this  channel,  notwithstanding  Mr.  Maillefert's^ 
dredge-steamer  had  then  been  at  work  nearly  a  year. 

During  the  last  week  of  May  and  the  first  week  of  June,  1876,  a  lim- 
ited number  of  current-observations  were  made  in  Beach  Channel,  for 
the  purpose  of  obtaining  somewhat  more  precise  data  concerning  the 
relative  volumes  of  ebb  and  flood  through  said  channel.  It  is  not 
deemed  necessary  at  the  present  time  to  enter  into  a  detailed  account  of 
the  operations  and  subsequent  calculations^  only  the  general  results  will 
be  given. 

The  observations  were  chiefly  made  on  two  profiles,  taken  as  nearly 
as  practicable  normally  to  the  direction  of  currents.  One,  which  may  be 
called  Profile  I,  was  situated  about  500  yards  east  of  "  Bowman's"  Jetty, 
extending  from  Sullivan's  Island  across  the  channel  to  Drunken  Dick 
'  Shoal,  a  length  of  about  370  yards.  The  greatest  low- water  depth  found 
here  was  15  feet.  During  the  ol^servations  at  this  profile  there  was  a 
moderate  southeast  breeze  blowing.  It  was  found  that  during  a  com- 
plete flood-tide  a  volume  of  483,869,886  cubic  feet  passed  this  profile, 
while  during  a  complete  ebb-tide  a  volume  of  226,389,802  cubic  feet 
went  out.  That  is  to  say,  for  every  100  cubic  feet  of  flood  flowing  in 
through  that  part  of  the  channel,  only  46.8  cubic  feet  pass  out  at  ebb- 
tide. 

Another,  Profile  II,  was  selected  a  little  further  down,  about  930 
yards  east  of  the  jetty.  It  did  not  quite  reach  the  breakers  of  Drunken 
Dick  Shoal,  its  length  being  about  440  yards.  During  the  observations 
at  this  profile  there  was  almost  a  calm.  The  greatest  depth  was  found 
to  be  18  feet  at  mean  low-water.  During  a  complete  flood- tide  652,132,460 
cubic  feet  passed  this  profile ;  during  ebb,  341,891,414  cubic  feet.  For 
every  100  cubic  feet  of  flood  going  in,  there  are  consequently  about  52^ 
cubic  feet  flowing  out  at  ebb,  the  balance  of  the  flood  finding  other  out- 
lets at  ebb-tide.  The  somewhat  larger  percentage  of  ebb  that  passed 
out  at  Profile  II  may  be  attributed  to  and  accounted  for  by  the  diff'er- 
ences  in  the  meteorological  influences  prevailing  at  the  two  profiles. 

The  results  in  both  cases  certainly  furnish  sufficient  proof  of  the  flood- 
tide  character  of  Beach  Channel,  to  which  reference  has  been  made  in 
my  former  reports. 

Money  statement. 

Amonnt  available  July  1, 1875 ^4,991  70 

Amoant  expended  daring  fiscal  year  ending  J  one  30, 1876 2^),  982  90 

Amonnt  available  Jnly  1,  1876,  inclading  $1,000  due  on  contracts 1, 008  80 

Amonnt  appropriated  by  act  approved  August  14,  1876 10, 000  00 
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H  2. 

SAVANNAH  RIVER  AND  HARBOR,  GEORGIA. 

Daring  tbe  fiscal  year  ending  June  30,  1876,  the  sum  of  $70,000  ap- 
propriated by  tbe  act  of  Congress  approved  March  3,  1875,  has  been 
expended  in  continuing  the  project  forwarded  August  28, 1873,  with  my 
annual  report  for  the  previous  fiscal  year.  Total  expenditures  up  to 
July  1, 1876,  chargeable  to  that  project,  $117,113.19.  The  operations  of 
the  year  just  closed  were  as  follows : 

1.  The  partial  construction  of  a  temporary  dam  from  the  lower  end  of 
Argyle  Island  at  the  Cross-Tides  to  Hutchinson's  Island,  for  the  pur- 
pose of  increasing  the  ebb-flow  through  Front  River, 

2.  The  deepening  of  the  water-way  between  King's  and  Hutchinson's 
Islands,  in  order  to  aid  the  ebb-flow  into  Front  River. 

3.  The  widening  and  deepening  of  the  channel  through  Garden  Bank, 
in  front  of  the  city. 

4.  The  opening  of  the  new  channel  near  the  south  bank  of  the  river 
through  the  shoal  just  south  of  Fig  Island. 

5.  The  enlarging  of  the  channel  northeast  of  Fort  Pulaski  with  the 
United  States  dredging-steamer  Henry  Burden. 

In  my  annual  report  of  last  year  it  was  proposed  to  construct  a  jetty 
about  450  yards  long  from  the  lower  end  of  Argyle  Island  at  the  Cross- 
Tides,  to  increase  the  flow  through  Front  River  on  the  ebb.  It  was 
feared,  however,  that  the  jetty,  if  constructed,  would  give  only  tem- 
porary results,  the  effect  lasting  only  until  the  scour  around  the  end  of 
it  should  be  sufficient  to  restore  the  present  area  of  its  cross-section. 

For  this  reason  a  temporary  dam  was  suggested  as  preferable  to  the 
contemplated  jetty,  and  authority  was  granted  for  this  change  in  a  let- 
ter of  the  Chief  of  Engineers  dated  October  21, 1875.  This  dam  was  to 
consist  of  two  rows  of  piles  braced  together,  the  openings  between  the 
front  row  being  closed  by  sliding  shutters,  which  were  to  be  adjusted  so 
as  to  give  the  requisite  increased  flow  on  the  ebb  down  the  Front  River 
by  the  backing  up  of  a  sufficient  amount  of  the  water  flowing  through 
the  Cross-Tides.  The  piling  was  to  extend  entirely  across  the  stream, 
but  it  was  intended  to  leave  an  opening  of  sufficient  width  in  the  dam 
to  allow  the  rice-flats  of  the  planters  in  the  immediate  vicinity  to  pass 
back  and  forth.  This  opening  it  was  thought  would-  accommodate  all 
the  vessels  navigating  this  stream. 

This  dam  was  commenced  in  February  and  the  work  was  continued 
until  May  13,  and  the  dam  about  half  completed.  On  this  date  the  work 
was  suspended,  in  compliance  with  a  temporary  injunction  granted  by 
the  Supreme  Court  of  the  United  States.  The  objections  raised  to  the 
construction  of  this  dam,  with  my  report  thereon,  are  given  in  my  letter 
to  the  Chief  of  Engineers  March  30, 1876.    It  is  herewith  annexed. 

By  advertisement  dated  May  20,  1875,  proposals  were  invited  for 
dredging  at  different  points  on  the  Savannah  River  to  the  aggregate 
amount  of  179,000  to  210,000  cubic  yards,  at  the  localities  named  below  : 

First  section :  Abreast  of  Elba  Island. 
Second  section :  Between  Fig  Island  and  Fort  Jackson. 
Third  section :  Garden  Bank,  opposite  Savannah  City. 

Fourth  section :  Aboat  4  miles  above  Savannah,  between  Hutchinson's  and  King^a 
Islands. 

The  following  were  the  bids  received : 

City  of  Savannah,  E.  C.  Anderson,  mayor : 
Entire  work,  per  cubic  yard 30  cents 
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W.  W.  Laznan,  New  York : 

Entire  work,  per  cubic  yard 24  cents. 

American  Dredging  Company,  Philadelphia,  Pa. : 

First  section,  per  cubic  yard 26  cents. 

Second  section,  per  cable  yard 24  cents. 

Third  section,  per  cubic  yard 25  cents. 

Fourth  section,  per  cubic  yard 30  cents. 

Mr.  Laman  was  the  lowest  bidder,  but,  being  unable  to  procure  the 
necessary  dredges,  withdrew  his  proposal  on  the  agreement  of  the 
American  Dredging  Company  to  contract  for  the  whole  work  at  24  cents 
per  cubic  yard. 

The  following  is  the  width  and.  depth  of  channel  obtained  at  each  of 
the  above-named  places : 

At  the  shoal  northeast  of  Fort  Pulaski  18,349  cubic  yards  were  re- 
moved by  the  United  States  dredging-steamer.  Henry  Burden.  This 
channel  is  now  175  feet  wide  and  14J  feet  deep  at  mean  low-water,  and 
between  the  13-foot  curves  is  250  feet  wide.  There  is  a  slight  indication 
of  shoaling  near  the  first  or  inner  buoy,  but  it  is  doubtful  if  this  will  be 
permanent. 

Abreast  of  Elba  Island  no  work  was  done  under  the  contract  made, 
the  funds  on  hand  not  being  sufficient  for  that  purpose.  This  channel 
shows  a  slight  indication  of  filling  up. 

At  the  new  channel  at  the  "  Wrecks,"  or  the  shoal  between  Fig  Island 
and  Fort  Jackson,  189,348  cubic  yards  have  been  removed,  133,119  by 
the  American  Dredging  Company  and  56,229  by  the  United  States 
dredging-steamer  Henry  Burden.  The  channel  established  through 
this  shoal  is  100  feet  wide  and  10  feet  deep  at  mean  low-water.  This 
channel  being  in  the  direction  of  the  axis  of  the  river^  a  very  strong 
current  ebbs  and  flows  through  it,  which  not  only  tends  to  keep  it  open, 
bur  has  also  increased  its  depth  and  width  by  scouring.  The  old  chan- 
nel at  this  point  has  continued  filling  up  until  it  is  now  only  60  feet 
wide  and  lOJ  feet  deep.  This  latter  it  is  proposed  to  abandon  as  soon 
as  the  former  is  of  sufficient  depth  and  width  to  accommodate  all  the 
shipping  of  the  port. 

At  Garden  Bank,  opposite  the  city  of  Savannah,  7,995  cubic  yards 
were  removed,  and  the  channel  there  is  now  14:0  feet  wide  and  l4  feet 
deep  at  mean  low-water. 

Between  King's  and  Hutchinson's  Islands  9,850  cubic  yards  were  re- 
moved, and  the  water-way  increased  by  opening  a  channel  40  feet  wide 
and  6  feet  deep. 

The  other  channels  which  have  been  dredged  during  previous  fiscal 
years,  that  at  the  head  of  Elba  Island  and  opposite  Long  Island  were 
sounded  out  by  the  inspector  of  dredging  in  June  last,  who  reports  an 
increase  of  depth  in  the  former,  owing  to  the  scour  of  the  tide  through  it. 
The  latter  channel,  being  where  the  fresh  and  salt  water  meet  in  the  ebb 
and  flow  of  the  tide,  is  filling  up  gradually,  owing  to  the  causes  given  in 
my  last  annual  report.  Additional  data  have  been  obtained  which  fur- 
nish further  proof  that  the  shoaling  is  due  to  these  causes  in  this  chan- 
nel, and  also  that  the  channel  abreast  of  Elba  Island  is  perhaps  affected 
by  them. 

WOEK  CONTEMPLATED  DURING  THE  PRESENT  FISCAL  YEAR. 

It  is  proposed  during  the  present  fiscal  year,  in  the  event  of  an  ad- 
equate appropriation  being  made — 

1st.  To  complete  the  temporary  dam  that  has  already  been  commenced 

28  E 
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at  the  Cross-Tides,  should  the  temporary  iDJuDction  that  now  restrains 
the  continaance  of  it  be  removed. 

2d.  To  increase  the  dimensions  of  the  new  channel  at  the  "Wrecks"  to 
160  feet  wide  and  14J  feet  deep,  low-water  soundings.  The  widening  of 
this  channel  will  render  it  necessary  to  remove  one  crib  from  its  south 
and  one  wreck  from  its  north  side,  in  order  to  obtain  a  free  water-way  of 
the  increased  width.  Should  other  wrecks  or  cribs  be  found  while  ob- 
taining this  that  will  obstract  the  new  channel,  it  is  proposed  to  remove 
them  also. 

3d.  To  increase  the  channel-way  abreast  of  Elba  Island  and  possibly 
that  opposite  Long  Island,  should  the  shoaling  continue  so  as  to  render 
it  necessary. 

4th.  To  commence  the  removal  of  Kinsey's  Point  opposite  the  city, 
and  continue  the  amended  line  of  bulk-heads  in  the  approved  project. 

The  estimated  cost  of  the  project  for  the  improvement  of  the  Savan- 
nah Eiver  and  Harbor  submitted  August  28, 1873,  was  $481,320. 

The  following  is  the  detailed  estimate : 

1.  For  closing  Cross-Tides  by  a  crib-dam,  with  opening  for  small  vessels,  pro- 

tected by  riprap  apron |29,500 

2.  For  enlarging  water-way  opposite  city  front  to  an  average  of  575  feet  by 

15  feet,  not  including  cost  of  new  bnlk-head 85, 500 

3.  For  dredging  at  "  KnoU  "  for  channel  300  feet  by  15  feet 37, 370 

4.1  For  dredging  npper  end  of  Long  Island,  250  feet  by  15  feet 37, 150 

5.*For  dredging  lower  end  of  Elba  Island,  250  feet  by  15i  feet 30, 800 

6.  For  dredging  abreast  Elba  Island,  250  feet  by  15i  feet 86,250 

7.  For  dredging  intermediate  points,  250  feet  by  15^  feet 5, 000 

8.  For  dredging  upper  end  of  Elba  Island,  250  feet  by  15^  feet 11 ,  250 

9.  For  dredging  at  *<  Wrecks"  and  vicinity,  250  feet  by  15i  feet 15, 000 

10.  For  enlarging  water-way  at  Fig  Island .  18,500 

ll.lFor  dredging  at  Garden  Bank 120,000 

12.  For  new  bnlk-head  just  above  Kinsey's  Mills 5,000 

481, 320 

This  does  not  inclade  the  cost  of  snch  jetties  and  bulk-head  as  may 
be  foand  necessary  along  the  flats  opposite  the  present  Fig  Island  balk- 
head,  nor  generally  the  cost  of  constructing  bulk-heads  on  the  Hutchin- 
son's Island  side  of  the  amended  water- wa3^ 

There  has  been  appropriated  for  this  project  up  to  June  30, 1876, 
$120,000,  of  which  $117,113.19  has  been  expended. 

Money  statement. 

Amount  available  July  1, 1875 |78,303  82 

Amount  expended  during  fiscal  jear  ending  June  30, 1876 74,532  01 

Amount  available  July  1, 1876,  including  $835  due  on  contracts 3, 771  81 

Amount  appropriated  by  act  approved  August  14, 1876 62, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 361, 320  00 

Amount  that  can  be  profitably  expended  i n  fiscal  year  ending  June  30, 1878 .  200, 000  00 


lettee  op  lieut.  col.  q.  a.  gillmoee,  oobps  of  engineees. 

United  States  Engineee-Office, 

New  YorJcj  March  30, 1876. 

Geneeal  :  I  have  the  honor  to  acknowledge  the  receipt  of  the  letter 
of  the  governor  of  Sonth  Caroliua  to  the  Hons.  T.  J,  Eobertson  and  S. 
L.  Hoge,  inviting  attention  to  the  "  protests  of  the  citizens  of  South 
Carolina  against  the  erection  of  barriers  between  the  Savannah,  Main, 
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and  Back  rivers;  coDtemplated  in  connection  with,  the  improvement  of 
the  Savannah  Biver,"  referred  to  me  on  the  25th  instant  for  report. 

A  summary  of  all  the  objections  set  forth  in  the  several  papers  sub- 
mitted may  be  stated  as  follows : 

1.  That  changes  will  be  produced  in  Back  Eiver  which  are  likely  to 
affect  the  system  of  navigation  of  tide-swamp  lands. 

2.  That  there  will  be  a  probable  increase  of  volume  of  water  during 
freshets  and  delay  in  their  subsiding. 

3.  That  the  navigation  of  the  Back  River  will  be  rendered  diflScult  by 
reason  of  sand-bars  and  shoals. 

4.  That  Back  Eiver  is  the  main  channel  through  which  the  city  of 
Charleston  receives  large  shipments  of  produce,  and  the  erection  of  the 
barrier  will  impair  navigation  in  Back  Biver  and  interpose  increased 
difficulties  in  the  transportation  of  many  thousand  bushels  of  rice  to 
that  city. 

5.  That  citizens  of  an  adjoining  State  will  be  deprived  of  the  free  use 
of  Front  River. 

6.  That  such  a  work  would  be  derogatory  to  the  dignity  of  the  State 
of  South  Carolina,  and  injurious  to  her  rights  and  interests,  because  a 
violation  of  the  pledges  of  the  convention  of  1787  between  the  States  of 
South  Carolina  and  Georgia. 

It  is  evident  from  the  representations  made  in  the  several  communi- 
cations forwarded  by  the  governor  of  South  Carolina  that  a  misconcep- 
tion eidsts  with  respect  to  the  character  of  the  improvement  now  being 
carried  on  at  the  Cross-Tides,  and  the  result  which  it  is  desired  to 
secure  by  it.  It  is,  in  fact,  an  experimental  structure  of  a  temporary 
character,  consisting  of  piles  driven  at  stated  intervals  across  the 
channel. 

The  piles  are  grooved  so  that  planks  may  be  slid  down  between  them 
in  a  horizontal  position,  until  they  rest  their  edges  on  the  river-bottom, 
the  intention  being  to  carry  up  the  planking  gradually,  one  plank  at  a 
time,  to  such  height  above  the  bottom  as  may  be  found  on  trial  to  be 
necessary  in  order  to  divert  into  Front  Biver  a  portion  of  the  ebb  cur- 
rent which  now  flows  down  Back  Biver,  without  impairing  the  naviga- 
tion of  the  latter  to  any  injurious  extent. 

It  is  not  expected  that  the  line  of  planks  will  be  carried  up  as  high  by 
some  feet  as  the  low-water  level.  The  flood  and  ebb  currents  can, 
therefore,  pass  freely  over  the  work.  Provision  has  been  made  for 
leaving  an  opening  in  the  piling  of  dimensions  amply  sufficient  to  ac« 
commodate  all  the  river  craft  which  customarily  pass  and  repass  through 
the  Cross-Tides,  so  that  the  river-traffic  of  the  neighborhood  will  experi- 
ence no  inconvenience. 

The  permanent  work  which  it  is  hoped  will  supersede  this  temporary 
expedient  in  the  course  of  a  few  years  may  be  so  designed  that  the 
largest  class  of  river-craft  which  can  ply  in  the  Savannah  Biver  above 
the  city  of  Savannah  will  be  able  to  pass  through  an  opening  left  in  the 
work.  All  larger  vessels  will  then,  as  now,  enter  Back  Biver  at  the 
lower  end  of  Fig  Island. 

Beferring  to  the  several  objections  in  their  regular  order,  it  may  be 
remarked — 

1.  That  no  injury  to  the  method  of  cultivating  rice  by  irrigation  need 
be  apprehended,  for  the  reason  that  the  tide  in  Back  Biver  will  have  the 
same  height  of  rise  and  fall  as  at  the  present  time.  The  planking  be- 
tween the  piles  will  be  gradually  brought  up  to  their  proper  height,  in 
order  that  there  may  be  no  sudden  changes  in  the  stream. 

2.  That  the  danger  of  injury  to  the  Back  Biver  plantations  from 
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freshets  will  not  be  increased  by  the  work,  but  rather  decreased,  in  con- 
sequence of  the  diversion  into  Front  River  of  a  portion  of  the  up-river 
rain-fall  which  produces  freshets  in  the  lower  reaches  of  the  stream. 

3.  That  no  extensive  shoaling  in  Back  Eiver  need  be  apprehended,  as 
the  work  will  be  kept  low  enough  to  allow  the  flood  and  ebb  currents  to 
pass  over  it  with  very  little  reduction  of  the  velocity  in  the  stream 
below. 

4.  That  no  injury  whatever  to  the  commerce  of  Charleston,  or  any 
other  port  or  market  in  South  Carolina,  can  ensue,  except  what  results 
indirectly  from  making  Savannah  a  better  market  for  rice  than  it  is  at 
the  present  time.  It  is  now  the  natural  place  of  sale  and  shipment  for 
all  of  the  products  of  the  Savannah  Eiver  plantations  located  within 
200  miles  of  its, mouth,  and  if  any  Back  Eiver  planter  elects  to  send  his 
rice  to  Charleston,  over  100  miles  distant,  in  preference  to  selling  it 
in  Savannah,  within  3  or  4  miles  of  his  door,  he  will  have  the  same 
facilities  for  doing  so  that  he  now  possesses,  whether  he  sends  it  before 
or  after  it  has  been  milled.  The  same  is  true  of  all  the  produce  raised 
higher  up  the  stream.  If,  in  violation  of  all  the  laws  of  trade,  and  to 
the  prejudice  of  his  own  interests,  a  producer  seeks  a  distant  market 
in  Charleston,  his  vessels  have  an  open  channel  with  constantly-increas- 
ing depth  until  they  reach  the  city  of  Savannah,  and  from  that  point  a 
good  ship-channel  to  the  mouth  of  the  stream. 

5.  The  improvement  will  not  deprive  the  citizens  of  an  adjoining 
State  of  the  free  use  of  Front  Eiver  or  any  other  portion  of  the  Savan- 
nah Eiver. 

6.  It  is  submitted  that  the  dignity  of  the  State  of  South  Carolina  will 
not  be  put  in  jeopardy,  nor  in  the  least  compromised  by  the  improve- 
ment of  the  Savannah  Eiver  at  the  expense  and  under  the  supervision 
of  the  United  States,  and  would  not  be  if  the  river  was  located  entirely 
within  the  territorial  limits  of  South  Carolina.  It  is  the  undeniable 
law  of  the  land  that  the  United  States  may  abate  a  public  nuisance  or 
construct  works  of  improvement  in  any  navigable  waters  of  the  United 
States,  and  that  such  waters  are  public  highways,  and  as  such  are  the 
property  of  the  nation  at  large.  The  Supreme  Court  decided,  in  Gilman 
V8.  Philadelphia,  that — 

The  power  to  regulate  commerce  comprehends  the  control  for  that  purpose  of  all 
navigable  waters  of  the  United  States  which  are  accessible  from  a  State  other  thau 
those  in  which  they  lie. 

The  same  court  decided,  in  the  case  of  the  steamer  Daniel  Ball,  ply- 
ing  on  Grand  Eiver,  Michigan,  and  libeled  for  not  having  a  license 
under  the  laws  of  the  United  States,  that — 

That  power  [the  power  to  regulate  commerce]  authorizes  all  appropriate  legislation 
for  the  i)rotection  or  advancement  of  either  interstate  or  foreign  commerce,  and  for 
that  purpose  such  legislation  as  will  insure  the  convenient  and  safe  navigation  of  all 
the  navigable  waters  of  the  United  States,  <&o. 

The  following  language  occurs  in  an  opinion  delivered  Octobep  19, 
1853,  by  Hon.  Caleb  Cushing,  Attorney-General  of  the  United  States : 

Each  State  has  also  the  power  to  conserve  the  navigable  waters  within  its  jurisdic- 
tion by  suitable  process  known  to  its  laws.  The  United  States  may  construct  works 
for  the  improvement  or  security  of  a  given  harbor,  or  as  a  shelter  for  ships  from  storms 
or  in  time  of  war,  and  they  may  Interpose  for  the  conservation  of  said  works,  or  to 
guard  against  any  diminution  of  the  existing  advantages  of  a  river,  lake,  or  sea  by  the 
usurpation  of  individuals,  or  even  of  a  sovereign  State  of  the  Union.  But  so,  also,  iu 
my  judgment,  may  that  State  itself. 

There  is  nothing  in  the  letter  of  the  Constitution  or  the  spirit  of  the  Government  to 
forbid  the  State  of  Illinois,  or  the  State  of  New  York,  from  improving  a  natural  har- 
bor within  its  limits,  blowing  away  rocks  which  impede  a  channel,  dredging  out  a 
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river,  constructing  piers,  docks,  breakwaters,  beacons,  and  sea-walls,  or  by  indictment 
or  other  process  protecting  the  rights  of  riparian  proprietors,  or  of  the  public  at  large, 
in  its  navigable  waters.  But  the  United  States  have  a  concurrent  Jurisdiction  for  any 
of  these  objects,  and  a  jurisdiction  which,  in  case  of  conflict,  is  paramount  and  ex- 
haustive of  the  whole  subject-matter ;  for  otherwise  a  given  State  might  do  that  which, 
while  actually  or  in  supposition  benelicial  to  itself,  would  be  injurious  to  some  other 
State,  or  to  citizens  of  the  United  States  in  general,  or  to  the  subjects  of  other  govern- 
ments in  amity  with  the  United  States. 

It  would  appear,  therefore,  that  the  improvement  of  the  Savannah 
River  by  the  IJnited  States  on  the  authority  of  Congress  is  a  legitimate 
exercise  of  conferred  and  authoritatively  affirmed  powers ;  that  the  ex- 
ercise of  those  powers  with  a  view  of  fostering  commerce,  increasing 
the  revenues,  promoting  the  greatest  good  of  the  greatest  number,  or 
for  any  other  lawful  object,  cannot  be  derogatory  to  the  dignity  of  the 
State  of  South  Carolina,  because  the  jurisdiction  of  the  United"  States, 
for  purposes  of  such  improvements,  is  paramount  and  conclusive ;  and, 
therefore,  that  the  convention  of  1787  between  the  States  of  South 
Carolina  and  Georgia  is  entirely  destitute  of  force  or  significance  in  its 
relations  to  this  question  and  to  the  interstate  and  international  inter- 
ests involved  in  it. 

In  my  original  project  for  the  improvement  of  Savannah  River  and 
harbor,  submitted  August  28, 1873,  the  question  now  raised  is  referred 
to  in  the  following  language : 

Previous  plans  for  the  erection  of  a  dam  across  the  Cross-Tides  water-way  have  con- 
templated the  entire  stoppage  of  flow  in  this  direction,  and  have  been  frustrated  by 
the  not  unreasonable  opposition  of  the  authorities  of  the  State  of  South  Carolina. 

As  the  project  now  proposed  makes  ample  provision  for  carrying  on  the  ordinary 
trade  and  commerce  of  the  locality,  and  as  Back  River  throughout  its  entire  length  is 
at  aU  times  and  tides  available  for  such  vessels  as  in  rare  and  exceptionable  cases  can- 
not pass  over  the  proposed  dam  at  high- water,  I  can  conceive  of  no  well-grounded 
objection  that  can  be  urged  agaiust  its  construction. 

Opposition  instigated  by  motives  of  rivalry  should  have  no  weight  in  deciding 
questions  involved  in  the  improvement  of  a  great  national  thoroughfare  like  the 
Savannah  River. 

The  several  papers  referred  to  me  are  returned  herewith. 
Very  respectfully,  your  obedient  servant, 

Q.   A.  GiLLMORE, 

Lieut  Col.  of  Engineers^  Bvt.  Maj.  Oen.^  U.  8.  A, 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.S.A. 


H  3. 

report  uf  the  board  of  engineers  on  improvement  of  savannah 

harbor,  georgia. 

Army  Building, 
2few  YorlCj  June  12,  1875. 

General,  :  The  undersigned,  members  of  a  board  of  officers  of  the 
Corps  of  Engineers,  constituted  by  Paragraph  I,  Special  Orders  No.  75, 
dated  headquarters  Corps  of  Engineers,  Washington,  D.  C,  June  5, 
1875,  "  to  take  into  consideration  and  report  upon  the  general  subject 
of  the  improvement  of  Savannah  River  and  Harbor,  Georgia,"  have  the 
honor  to  report  as  follows : 
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REPORT, 

The  Board  met  on  the  8th  instant,  when  the  presiding  officer  sub- 
mitted the  following  letter  of  instractions  from  the  Chief  of  Engineers : 

Office  of  the  Chief  of  Engineers, 

Washington^  D,  C.f  June  5,  1875. 

Sir:  In  consideration  of  its  importance,  and  of  the  increasing  commercial  interests 
involved,  the  views  of  the  Board  constitated  by  Paragraph  I,  Special  Orders  No.  75, 
current  series,  are  desired  upon  the  whole  subject  of  the  Savannah  River  improvement ; 
as  also  upon  the  recommendations  heretofore  made  to  this  office  by  Lieutenant-Col- 
onel Gillmore  for  carrying  forward  this  improvement  to  completion. 

In  this  connection  the  project  submitted  by  him  to  the  Chief  of  Engineers  May  13, 
1875,  is  also  submitted  to  the  consideration  of  the  Board,  with  the  desire  of  an  early 
report  upon  it. 

The  Board  is  referred  to  the  annual  report  of  Lieutenant-Colonel  Gillmore  to  this 
office  of  August  28, 1H73,  and  that  officer  will,  in  addition,  furnish  such  information  in 
his  possession  as  may  be  desired. 
By  command  of  Brigadier-General  Humphreys. 
Very  respectfully,  your  obedient  servant, 

John  G.  Parke, 

Major  of  Engineers. 
Col.  Z.  B.  Tower, 

Corps  of  Engineers^  U,  S»  A, 

Lieutenant-Colonel  Gillmore's  annual  report  to  the  Chief  of  Engineers 
of  August  28, 1873,  together  with  his  project  of  May  13, 1875,  for  ex- 
pending the  existing  appropriation  during  the  ensuing  fiscal  year,  and 
all  the  necessary  charts  and  plans,  were  also  laid  before  the  Board. 

The  annual  report  of  August  28, 1873,  referred  to  above,  embraced  a 
project  for  completing  the  improvement  of  Savannah  Kiver  and  Harbor, 
which  had  in  view  the  ultimate  achievement  of  a  practicable  low- water 
ship-channel  at  least  15  feet  in  depth,  by  which  vessels  drawing  22  feet 
of  water  would  be  able  to  pass  on  the  high-tide  from  Tybee  Roads, 
where  the  mean  rise  and  fall  is  7  feet,  to  Savannah  City,  where  the  mean 
rise  and  fall  at  that  time  was  only  6^  feet. 

The  following  are  the  principal  and  essential  features  of  this  project : 

First.  Permanent  works  at  the  Cross-Tides,  either  a  dam  or  a  deflect- 
ing jetty — preferably  the  former — for  diverting  into  Front  River,  along 
the  city  front,  a  portion  of  the  water  naturally  flowing  down  Back  River. 

Second.  The  amendment  of  the  water-way  along  the  city  front  by 
widening  it  at  certain  points  and  contracting  it  at  others,  so  as  to  give 
an  average  width  of  575  feet  and  an  average  depth  of  15  feet,  with  such 
additional  depth,  not  exceeding  22  feet,  at  the  wharves  as  will  secure 
vessels  against  grounding  while  taking  in  or  discharging  their  cargoes. 

Third.  Deepening  the  channel,  by  dredging  and  otherwise,  over  cer- 
tain shoals  between  the  city  and  Tybee  Roads  to  a  low- water  depth  va- 
rying from  15  feet  upon  the  lower  shoals  to  15^  feet  upon  those  nearest 
the  city. 

Fourth.  The  construction  of  jetties  or  training-walls  at  points  where 
the  results  developed  during  the  execution  of  the  project,  under  the 
altered  regimen  of  the  stream,  shall  indicate  them  to  be  necessary  to  the 
maintenance  of  the  established  channel ;  or,  preliminarily,  at  points 
where  their  eftect  would  be  to  aid,  or  perhaps  render  unnecessary,  the 
ordinary  work  of  dredging. 

The  improvement  of  the  Savannah  River  at  the  expense  of  the  Gen- 
eral Government  was  resumed  during  the  fiscal  year  ending  June  30, 
1873,  after  an  interruption  of  several  years,  commencing  anterior  to  the 
civil  war. 
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The  expeaditares  made  by  the  engineers  in  charge  up  to  the  present  time,  in- 
cluding upward  of  $5,000  devoted  to  surveys,  amount,  in  round  numbers, 
to $150,000 

In  addition  to  this  sum,  there  was  paid  last  year,  under  a  special  act  of  Con-  _;^ 

gress,  to  Mr.  Henry  8.  Welles,  for  removing  obstructions  under  a  contract 
made  with  the  Secretary  of  the  Treasury  soon  after  the  close  of  the  war,         ■■■* 
the  sum  of 193,000 

Amount  expended  by  the  city  of  Savannah  for  dredging,  1865  to  1872 157, 000 

The  War  Department  has  had  nothing  to  do  with  any  of  these  expend- 
itures except  the  $150,000  first  named. 

The  work  executed  up  to  the  present  time  would  necessarily  and  ob- 
viously be  comprised  in  any  judicious  project  for  adapting  the  stream 
to  the  increasing  demands  of  trade,  with  the  exception,  perhaps,  of  the 
dredging  done  by  the  city  of  Savannah  north  of  the  oyster-bed  beacon, 
abreast  of  Fort  Pulaski,  which  was  discontinued  when  the  United  States 
engineer  in  charge  commenced  work  in  1872.  This  work  has  consisted 
exclusively  in  removing  wrecks,  cribs,  piles,  and  other  obstructions 
placed  in  the  channel  during  the  civil  war,  and  in  dredging  out  chan- 
nels over  sundry  shoals  and  bars  between  the  city  of  Savannah  and 
Tybee  Eoads. 

The  progress  accomplished  may  be  briefly  summarized  as  follows: 

The  shoal  northeast  of  Fort  Pulaski. — To  the  northward  of  Cockspur 
Island,  and  separated  from  it  by  a  water-way  nearly  half  a  mile  in  width, 
there  is  a  small  island  known  as  the  ^'Oyster  Bed,"  with  a  channel  on 
either  side.  In  the  natural  condition  of  the  stream,  the  north  channel 
carried  about  9  feet«  and  the  south  channel  10  feet,  at  mean  low-water. 
These  channels,  uniting  immediately  below  the  Oyster  Bed,  formed  the 
main  ship-channel  between  that  point  and  Tybee  Boads,  which  passed 
to  the  northward  of  the  Tybee  Knoll  light-ship.  In  entering  the  river, 
therefore,  the  light-ship  was  always  left  on  the  port  hand,  and  then  the 
Oyster  Bed  could  be  passed  by  taking  either  the  north  or  the  south 
channel.  The  authorities  of  Savannah  City  had  dredged  the  north  chan- 
nel to  a  low-water  depth  of  12J  or  13  feet,  but  the  work  here  was  not 
continued  by  the  United  States  engineer  in  charge  when  the  first  appro- 
priation for  resuming  operations  in  1872  became  available,  preference 
being  given  to  the  south  channel,  which  has  been  opened  in  a  straight 
line  from  the  19-foot  channel,  passing  between  Cockspur  Island  and  the 
Oyster  Bed  to  the  main  ship-channel  below  the  light-ship.  The  new 
channel  passes  to  the  southward  of  the  light-ship,  where  the  low- water 
depth  was  only  9  feet.  It  is  now  14J  feet  deep  for  a  width  of  about  160 
feet,  while  the  width  between  the  13-foot  curves  is  fully  200  feet.  The 
direction  of  the  current  is  paralled  to  the  axis  of  the  new  cut,  for  both 
ebb  and  flood,  and  there  appears  to  be  no  tendency  to  fill  up  by  the 
deposit  of  silt;  but  as  the  operation  of  widening  the  channel  is  now  in 
progress,  no  positive  opinion  with  regard  to  its  permanency  can  now  be 
expressed. 

Elba  Island  Shoals, — Dredging  has  also  been  carried  on  at  intervals 
since  the  autumn  of  1872  upon  the  Elba  Island  Shoals,  at  points  re- 
spectively opposite  the  lower  end,  opposite  the  middle,  and  opposite  the 
upper  end  of  that  island.  At  the  two  points  first  named  the  work  has 
been  restricted  to  deepening  and  widening  the  existing  channel,  with- 
out any  attempt  to  change  its  location  to  any  considerable  extent,  and 
only  where  *the  direction  of  the  ebb-current  made  a  considerable  angle 
with  the  axis  of  the  channel.  When  the  operations  were  begun  the 
greatest  draught  that  could  be  carried  over  these  shoals  at  low-water 
was  about  10  feet.  The  present  depth  is  13J  feet  opposite  the  lower 
end  and  13 J  feet  opposite  the  middle  of  the  island,  with. a  width  of 
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about  120  feet  at  each  point.    There  are  no  indications  of  shoaling  by  a 
deposit  of  silt. 

The  shoal  opposite  the  upper  end  of  Elba  Island  is  at  the  point  occu- 
pied by  the  double  line  of  crib  obstructions  placed  in  the  north  or  main 
channel  during  the  civil  war.  The  Coast  Survey  chart  of  1855  shows 
that  only  9  feet  could  be  carried  over  this  space  at  this  time  at  mean 
low-tide,  the  best  water  being  on  the  Elba  Island  side.  After  the  re- 
moval of  the  obstructions,  a  channel  was  cut  close  to  the  north  shore  of 
Elba  Island,  to  a  depth  of  13J  feet  and  a  width  of  over  100  feet.  Subse- 
quent soundings,  taken  by  the  Coast  Survey  in  1874,  show  a  channel 
about  150  feet  wide  between  the  12-foot  curves,  with  a  depth  in  the  mid- 
dle of  14  feet,  except  at  the  lower  end,  where  only  13  feet  is  given.  This 
would  indicate  a  shoaling  of  3  inches  at  one  point,  provided  the  required 
depth  of  13J  feet  was  actually  established,  were  it  not  for  the  central 
depth  of  14  feet  throughout  the  other  portion  of  the  cut.  It  may  be  said 
in  this  connection  that  the  volume  of  water  passing  through  this  north 
or  main  channel  at  the  present  time  is  somewhat  larger  than  the  normal 
flow  previous  to  the  civil  war,  for  the  reason  that  the  line  of  crib  ob- 
structions placed  in  the  channel  south  of  Elba  Island  has  been  only  par- 
tially removed,  to  accommodate  the  commerce  of  the  inside  passage  by 
way  of  Saint  Augustine  Creek. 

The  Wreclcs. — The  next  shoal  encountered  in  ascending  the  river  is 
opposite  the  lower  end  of  Fig  Island,  at  a  point  known  as  "The  Wrecks," 
where  it  has  been  necessary  to  dredge  from  time  to  time  within  the 
last  30  years  to  maintain  a  practicable  channel.  This  shoal  owes  its 
existence  to  the  effects  produced  by  the  confluence  of  Back  and  Front 
rivers  at  this  point,  modified  in  all  probability,  wuth  respect  to  its 
extent,  position,  and  configuration,  by  wrecks  sunk  there  during  the 
revolutionary  war.  Notwithstanding  the  repeated  attempts  to  estab- 
lish a  channel  here  by  dredging,  no  permanent  results  have  been 
achieved.  During  the  latter  half  of  the  flood  and  the  first  half  of  the 
ebb  the  currents  cross  the  line  of  the  channel  at  an  angle  of  25  to  30 
degrees.  The  consequence  is  that  a  deposit  of  silt  takes  place  in  the 
deepest  water,  especially  on  the  ebb-current,  which  the  scouring  force  of 
the  inward  and  outward  currents  below  half  tide,  although  their  direc- 
tion is  more  nearly  coincident  with  the  axis  of  the  channel-way,  is 
unable  to  remove.  "The  Wrecks"  channel  was  deepened  at  the  expense 
of  the  city  of  Savannah  after  the  close  of  the  civil  war.  The  United 
States  continued  the  same  policy  as  an  imperative  necessity  upon  the 
resumption  of  operations  in  1872,  for  the  reason  that  in  no  other  way 
could  the  passage  of  vessels  to  and  from  the  city  of  Savannah  be  pro- 
vided for  with  the  funds  available  for  that  object.  The  United  States 
engineer  in  charge  now  recommends  that  a  new  channel,  to  be  located 
near  the  south  bank  of  the  river,  be  cut  through  this  shoal,  and  that 
"The  Wrecks"  channel  be  abandoned.  (See  project  of  May  13,  1875, 
given  below.) 

Garden  Bank. — The  extensive  shoal  known  as  Garden  Bank  reaches 
from  the  upper  end  of  the  bulk-head  closing  the  old  Fig  Island  Channel 
down  to  "The  Wrecks,"  a  distance  of  2,400  yards.  It  is  not  continuous, 
but  consists  of  2  shoals,  1  above  and  1  below  the  narrow  point  in  the 
stream  at  Fig  Island. 

It  has  been  necessary  to  dredge  repeatedly  along  the  south  edge  of 
the  upper  portion  of  this  shoal  in  order  to  give  a  channel  of  sufticient 
width  for  vessels  to  lie  two  abreast  at  the  wharves  and  give  a  passage- 
way alongside  for  ingress  and  egress.  It  may  be  necessary  ultimately 
to  remove  by  dredging  all  that  portion  of  Garden  Bank  lyiug  in  frout 
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of  the  city  within  a  width  of  575  feet,  but  it  is  not  expected  that  the 
improvement  will  be  permanent,  unless  the  water-way  be  suitably 
amended,  and  the  flow  in  Front  Eiver  very  considerably  augmented  in 
volume. 

The  dredging  upon  Garden  Bank  has  generally  been  restricted  to 
shoal  points  projecting  out  into  the  channel  and  obstructing  the  approach 
to  the  wharves. 

Obstructions  removed. — ^The  obstructions  that  have  been  removed  from 
the  channel  between  Fig  Island  and  Fort  Pulaski,  since  the  year  1865, 
comprise  60  heavy  timber  cribs  filled  with  brick  or  stone,  26  wrecks  of 
vessels  of  various  sizes,  nearly  200  piles,  and  a  large  number  of  iron- 
shod  snags,  torpedoes,  logs,  &c.  More  than  half  of  these  obstructions 
were  taken  out  by  Mr.  Henry  S.  Welles,  under  his  contract  with  the 
Secretary  of  the  Treasury. 

Above  the  city  of  Savannah  no  work  has  been  undertaken  beyond 
making  a  thorough  survey  of  Cross-Tides  and  gauging  the  streams  in 
that  locality. 

From  the  results  thus  obtained,  the  United  States  engineer  in  charge 
made  the  following  deductions  in  his  general  project  of  August  28, 1873, 
viz  : 

1.  That  the  area  of  the  Cross-Tides  water-way  is  only  about  two-thirds  that  of  the 
Savannah  River  water-way  above  Cross-Tides. 

2.  That  the  area  of  Front  River  water-way  jnst  below  Cross-Tides  is  less  than  one- 
half  that  of  the  Savannah  River  water-way  above  Cross-Tides. 

3.  That  the  velocity  of  the  ebb-current  in  Front  River  below  Cross-Tides  is  only  0.64 
of  that  in  Savannah  River  above  Cross-Tides,  and  0.69  of  the  velocity  in  Cross-Tides. 

4.  That  the  Cross-Tides  water-way  is  larger  by  one-third,  and  the  ebb-current  in  it 
more  rapid  by  one-half,  than  in  Front  River  below  Cross-Tides. 

5.  That  nearly  two-thirds  of  the  water  coming  down  the  Savannah  River  flows 
through  the  Cross-Tides  into  Back  River,  while  only  one-third  of  it  passes  down  Front 
River  past  the  city-wharves. 

Back  River,  therefore,  is  a  stream  of  about  double  the  capacity  of  Front  River,  a  fact 
which  suggests,  as  a  probable  remedy  for  those  evils  directly  due  to  the  comparatively 
small  volume  of  water  voided  by  the  latter,  the  construction  of  works  for  diverting 
along  the  city-front  a  portion  of  the  water  which  now  flows  through  Back  River. 

The  project  of  the  United  States  engineer  in  charge  for  expending 
the  existing  appropriation,  submitted  to  the  consideration  of  the  Board, 
is  as  follows : 

United  States  Engineer  Office, 

JSew  York,  May  13,  1875. 


below 


First.  In  constructing  a  temporary  dcflecting-jetty  of  piles,  sheet-piles,  and  string- 
pieces,  about  450  yards  in  length,  extending  down  stream  from  the  lower  end  of  Argyle 
Island,  at  the|Cros8-Tides,  with  tlie  object  of  deflecting  into  Front  River,  along  the  city- 
wharves,  a  portion  of  the  water  which  now  flows  through  Cross-Tides  injio  Back  River. 

A  temporary  jetty  is  recommended,  for  the  reason  that  there  is  not  money  enough 
available  for  this  improvement  to  construct  a  permanent  work  at  Cross-Tides,  and,  in 
addition  thereto,  pay  for  the  amount  of  dredging  deemed,  necessary  during  the  coming 
fiscal  year.  A  temporary  work  will  last  several  years,  and  will,  it  is  thought,  settle 
the  question  whether  a  dam  across  the  Cross-Tides  is  really  necessary.  There  are  rea- 
sons why  a  dam  should  not  be  adopted,  if  a  jetty  can  be  made  to  answer  the  same  pur- 
pose. 

Even  were  there  funds  enough  to  cover  the  cost  of  a  permanent  work  at  Cross-Tides, 
it  would  be  well,  in  my  judgment,  to  try  a  temporary  jetty  first,  as  a  precaution  against 
the  improper  location  oi* a  permanent  one,  should  the  result  indicate  that  a  jetty  will 
accomplish  the  end  in  view  in  a  sa  tit  factory  manner. 
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Estimated  cost  of  temporary  jetty §6,500 

8econ4.  In  deepening  the  channel  between  King's  and  Hutchinson's  Islands  to 
aid  the  flow  into  Front  River,  quantity  of  material  to  be  removed,  8,000  cubic 

yards,  at  27  cents  per  yard 2,160 

Third.  In  dredging  along  the  city-front  to  a  depth  of  14^  feet  mean  low- water.  9, 700 
Fourth.  In  opening  a  new  channel  near  the  south  bank  of  the  river,  below  the 
city  and  below  Fig  Island,  with  a  view  to  abandoning  the  present  circuitous 
channel  at  the  lower  end  of  Fig  Island,  known  as  '' The  Wrecks/'  the  new 
channel  to  be  opened  during  the  coming  fiscal  year  to  a  low-water  depth  of 
14^  feet  and  a  width  of  about  95  feet.    Estimated  quantity  of  material  to  be 

removed,  132,000  cubic  yards,  at  27  cents  per  yard ^ 35,640 

As  this  last-named  item  contemplates  a  departure  to  some  extent  from  the 
project  heretore  submitted  for  the  improvement  of  Savannah  River,  it  is  deemed 
proper  to  state  that  the  dredging  that  has  been  expended  from  time  to  time  in 
keeping  the  present  Fig  Island  Channel  open  could  not  have  been  omitted  in  any 
degree  without  serious  injury  to  the  shipping  interests.  It  was  the  channel 
kept  open  by  more  or  less  frequent  dredging  before  the  civil  war  began,  and  upon 
which  the  city  of  Savannah  expended  money  quite  liberally  after  the  close  of  the 
war ;  but  it  is  badly  located,  and  is  constantly  tilling  up.  It  was  thought  that  by 
changing  Its  direction  somewhat,  so  as  to  make  it  more  nearly  parallel  to  the 
direction  of  the  current,  it  might  be  preserved.  I  do  not  believe  it  can  be  kept 
open  without  frequent  dredging.  (A  chart  showing  the  proposed  channel  is  in- 
closed.) Until  the  pesent  time  it  has  never  been  possible,  for  want  of  funds,  to 
establish  the  new  channel. 

Fifth.  In  increasing  the  depth  of  the  present  channel  over  the  shoal  abreast  of 
Elba  Island  to  14^  or  15  feet  at  mean  low-water  for  a  portion  of  the  present 
width  of  125  feet 8,000 

Sixth.  In  increasing  to  14^  feet  mean  low- water  the  depth  of  the  present  new 
channel  northeast  of  Fort  Pulaski  with  the  dredging-steamer  Henry  Burden, 
working  5  months,  at  81,600  per  month 8,000 

Total 70,000 

With  the  exception  of  providing  employment  for  the  "  Henry  Burden,"  the  appropria- 
tion will  be  expended  under  the  contract  system. 
Very  respectfully,  your  obedient  servant, 

Q.   A.  GiLLMORE, 

Lieut,  Col,  of  Engineers,  Bvt  Major-Gen.  U,  S,  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Ckitf  of  Engineers  U,  S,A, 

The  Board  coincides  with  the  views  expressed  in  the  annual  report  of 
the  engineer  in  charge,  submitted  August  28, 1873,  and  approves  of  the 
general  project  for  the  improvement  of  Savannah  River  and  harbor 
therein  recommended  to  the  Chief  of  Engineers. 

With  regard  to  the  improvements  and  progress  already  made  below 
"The  Wrecks,"  the  depths  gained  by  dredging  have,  to  the  present 
time,  been  retained,  and,  at  certain  points,  even  have  been  increased  by 
the  currents. 

These  facts  indicate  that  the  localities  were  judiciously  chosen ;  but 
further  observation  and  experience  of  results  would  seem  to  the  Board 
to  be  necessary  to  guide  in  the  solution  of  the  complicated  problem  pre- 
sented in  this  lower  section  of  the  river. 

The  annual  project  submitted  May  13,  1875,  for  carrying  forward  the 
work  during  the  next  fiscal  year,  also  meets  the  approval  of  the  Board, 
for  the  reasons  stated  below. 

The  characteristic  features  of  this  annual  project,  and  the  only  ones 
demanding  special  mention,  are — 

1.  A  temporary  deflecting-jetty  at  Cross  Tides,  projecting  down  stream 
from  the  lower  end  of  Argyle  Island. 

2.  A  new  channel  to  replace  the  existing  one  at  "  The  Wreaks." 

As  a  bare  question  of  engineering,  a  crib-dam  at  Cross-Tides  is  pre- 
erred  by  the  Board  to  a  deflecting-jetty;  either  temporary  or  permanent, 


1 


EEPOET  OF  THE  CHIEF  OF  ENGINEERS.         443 

bat  inaamuch  as  the  cost  of  a  permanent  dam  cannot  be  defrayed  from 
the  existing  appropriation  without  diminishing  the  amonnt  of  dredging 
that  seems  necessary  at  points  below  the  city,  and  inasmuch  as  it 
appears  to  be  very  desirable  that  the  volume  of  flow  in  Front  River 
should  be  increased  as  soon  as  practicable,  in  order  that  work  at  points 
lower  down  may  be  conducted  with  reference  to  the  new  physical  condi- 
tions thus  imposed  upon  the  stream,  the  jetty  is  recommended  as  a 
temporary  device  for  increasing  the  volume  of  ebb-flow  along  the  city 
front,  and  the  scouring  force  upon  Garden  Bank,  and  upon  the  shoal  at 
"  The  Wrecks." 

The  old  jetty  projecting  from  the  upper  end  of  King's  Island  should 
be  removed  in  whole  or  in  greater  part,  if  the  amount  of  the  appropria- 
tion will  admit  of  it. 

As  auxiliary  to  the  jetty  the  shallow  water-way  between  King's  and 
Hutchinson's  Islands  might  advantageously  be  deepened  to  some  extent 
by  dredging,  in  order  to  increase  the  flow  of  both  the  ebb  and  the  flood  cur- 
rents in  Front  River,  and  prevent  the  former  from  backing  up  in  front 
of  the  jetty,  and  ultimately  scouring  a  deep  channel  around  its  outer 
extremity  into  the  Cross-Tides  for  want  of  adequate  avenues  of  escape  in 
the  desired  direction. 

At  "  The  Wrecks"  the  existing  channel  could  doubtless  be  greatly  im- 
proved by  a  deflecting  jetty  projected  down  stream  from  the  south  shore 
in  a  direction  nearly  parallel  with  the  opposite  shore  of  Fig  Island. 
Such  a  jetty  might  indeed  be  sufficient,  after  the  completion  of  the  con- 
templated permanent  work  at  Cross-Tides  to  keep  *'  The  Wrecks  "  chan- 
nel open  to  the  required  depth. 

It  would,  however,  in  the  opinion  of  this  Board,  be  an  impediment  to 
the  flow  of  the  flood-current  into  Front  River,  diminishing  even  the 
present  volume  of  that  flow,  and  would  therefore  impair  to  some  extent 
the  efficacy  of  the  projected  improvements,  one  of  the  leading  features 
of  which  is  to  make  Front  River  a  flood-tide  stream  in  an  increased 
degree.  The  chart  of  1874  shows  broad  and  deep  water  along  the  south 
shore  of  the  river  for  a  length  of  nearly  2  miles  below  the  shoal  at 
"The  Wrecks,"  extending  for  some  distance  up  into  the  lower  slope  of 
the  latter,  in  the  form  of  a  flood-tide  pocket.  A  similar  pocket  exists 
in  the  upper  slope  of  the  shoal  caused  mainly  by  the  ebb-current. 

It  is  submitted  that  a  channel  connecting  these  two  pockets,  if  judi- 
ciously located,  will  receive  and  discharge  both  the  ebb  and  flood  cur- 
rent in  the  direction  of  its  axis.  It  will  in  addition  thereto  augment 
the  volume  of  the  flood  entering  Front  River,  for  the  reason  that  it  is 
shorter  by  300  feet,  and  more  direct  than  the  present  channel. 

It  is  not  impossible  that  a  deflecting  jetty  extending  from  Fig  Island 
in  a  direction  nearly  due  east,  with  its  outer  extremity  resting  near  the 
head  of  the  present  narrow  channel  in  about  12  feet  water,  will  be  re- 
quired to  keep  this  new  channel  open,  but  such  iEt  work  is  not  recom- 
mended until  the  necessity  for  it  shall  have  been  demonstrated  after 
the  completion  of  the  Cross-Tides  improvement. 

The  water-way  between  the  lower  end  of  Fig  Island  and  the  upper 
limits  of  Savannah  City  should  be  amended,  and  its  marginal  limits 
defined  and  maintained  under  the  exclusive  authority  of  the  United 
States. 

The  Board  agrees  with  the  engineer  in  charge  in  the  opinion  that  the 
modification  of  the  existing  water-way  along  the  city  front  should  be 
made  the  subject  of  special  study  hereafter,  when  the  ettects  of  the  con- 
templated improvements  at  Cross-Tides  and  at  "The  Wrecks"  shall  have 
become  known. 
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A  chart  of  the  Cross-Tides  showing  proposed  location  of  the  tempo- 
rary jetty  is  submitted  herewith. 

Very  respectfully,  your  obedient  servants, 

Z.  B.  Tower, 
Colonel  of  Ungineers,  Brevet  Major- General. 

H.  G.  Wright, 
Lieut  Col.  o/EngineerSj  Brevet  Major -General. 

John  Newton, 
Lieut.  Col.  of  Engineers^  Brevet  Major-General, 

Q.  A.  GlLLMORE, 

Lieut.  Col,  of  Engineers^  Brevet  Major  General^  U.  S.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.A. 


letter  of  the  chief  of  engineers. 

Office  of  the  Chief  of  Engineers, 

Washington^  D.  C,  June  23, 1875. 

Sir  :  The  project  submitted  in  your  communication  of  the  13th  May 
last,  for  the  expenditure  of  the  appropriation  of  $70,000  for  the  "im- 
provement of  the  harbor  of  Savannah,  Ga.,"  made  by  the  act  of  March 
3, 1875,  having,  after  due  consideration,  been  submitted  to  a  Board  of 
engineer  officers  for  examination,  and  by  it  approved,  it  is  also  ap- 
proved by  this  office. 

You  will  please  proceed  accordingly  in  carrying  on  this  work  of  im- 
provement during  the  next  fiscal  year. 
By  command  of  Brigadier-General  Humphreys. 
Very  respectfully,  your  obedient  servant, 

George  H.  Elliot, 

Major  of  Engineers. 
Lieut.  Col.  Q.  A.  Gillmore, 

Corps  of  Engineers. 
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united  states  dredging-steamer  henry  burden. 

A  full  description  of  this  vessel  and  its  machinery  and  appliances  for 
dredging  was  submitted  with  my  last  annual  report,  and  published  in 
the  report  of  the  Chief  of  Engineers,  1875,  Part  2,  Appendix  U  3. 

During  a  portion  of  the  past  fiscal  year  the  steamer  has  been  employed 
in  dredging  at  different  points  in  the  Savannah  Eiver,andfor  a  short  time 
in  the  Beach  Channel  in  Charleston  Harbor.  My  reports  on  those  im- 
provements show  the  quantities  of  material  removed  in  each  locality. 
The  working  of  the  dredging  apparatus  continues  to  be  entirely  satisfac- 
tory, although,  owing  to  the  presence  of  contractors'  equipments  in  the 
channels  dredged,  the  accidental  breaking  of  the  rudder  and  main  shaft  of 
the  steamer,  and  the  delay  and  expense  incident  to  their  repair,  the 
quantity  of  material  removed  was  somewhat  less  than  last  year,  and  the 
average  cost  of  removal  per  yard  a  trifle  higher,  as  shown  by  the  follow- 
ing table : 
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1874-'75.       1875-'76. 

Least  cost  daring  any  one  day,  per  cubic  yard (0  OQi  $0  06f 

Least  cost  daring  any  one  week,  per  cnbic  yard 09  09^ 

Least  cost  daring  any  one  month,  per  cubic  yard 10^-  12^ 

Average  cost  for  the  year,  per  cubic  yard 19f  2lfg 

These  figares  cover  all  expenses  for  saperintendence,  wages^  and  sub- 
sistence of  crew,  fuel,  supplies,  all  repairs  necessary  to  keep  vessel  and 
machinery  in  good  order  and  prevent  deterioration,  and  for  the  renewal 
of  worn-out  portions  of  pumping  apparatus. 
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INSIDE  PASSAGE  BETWEEN  THE  SAINT  JOHN'S  RIVER  AND  FERNANDINA, 

FLORIDA. 

!N"o  operations  were  carried  on  during  the  past  fiscal  year  at  the 
mouth  of  the  Saint  John's  Eiver. 

The  act  of  Congress  approved  June  23,  1874,  appropriated  $10,000 
"  for  continuing  the  improvejnent  at  the  month  of  the  Saint  John's  Eiver, 
Florida,  or  may  be  used  for  dredging  out  the  inside  passage  between 
Saint  John's  Eiver  and  Nassau  Inlet."  The  same  act  provided  for  a 
survey  of  the  inside  passage  between  Fernandina  and  Saint  John's 
Eiver,  of  which  the  inside  passage  above  mentioned,  between  the  same 
river  and  Nassau  Inlet,  forms  a  part. 

With  the  approval  of  the  Chief  of  Engineers,  the  work  of  dredging 
was  postponed  to  await  the  completion  of  the  survey  and  the  prepara- 
tion of  a  project  and  estimate  for  this  improvement.  This  was  com- 
pleted and  a  report  made,  embodying  suggested  methods  of  improve- 
ment for  the  inside  passage,  accompanied  by  charts  and  estimates  of 
cost,  June  14, 1875. 

After  deducting  the  cost  of  the  survey  from  the  money  appropriated 
by  the  above-mentioned  act,  the  balance  of  the  appropriation  has  been 
expended  in  dredging  the  inside  passage. 

The  balance,  87,372.40,  being  too  small  to  commence  the  general  plan 
given  in  my  report  of  the  survey  of  this  passage,  it  was  determined  to 
apply  it  to  dredging  at  such  points  as  would  give  the  greatest  depth  and 
width  over  all  the  shoals  in  this  channel,  as  shown  on  the  maps  accom- 
panying that  report. 

Under  authority  granted  in  the  letter  of  the  Chief  of  Engineers,  dated 
November  23, 1875,  an  agreement  was  made  with  the  American  Dredg- 
ing Company  to  remove  this  material  for  24  cents  per  cubic  yard,  the 
same  as  the  contract-price  oi  removing  the  material  from  the  Savannah 
Eiver.  The  greatest  depth  and  width  that  it  was  found  practicable  to 
make  over  these  shoals  was  4  feet  deep  at  mean  low-water,  and  40  feet 
wide,  and  the  dredging  was  confined  to  those  places  where  the  channel 
was  not  of  those  dimensions. 

The  following  are  the  places  at  which  dredging  was  done : 

In  the  Sister's  Creek,  that  portion  of  the  channel  between  Saint  John's 
Eiver  and  Fort  George  Inlet,  the  only  place  dredged  was  through  the 
Oyster  Shoal,  between  the  Sister's  Island,  where  the  channel  was  entirely 
obstructed  for  a  distance  of  500  feet.  Here  a  channel  of  the  above  di- 
mensions was  made,  and  2,816  cubic  yards  were  removed. 

The  other  shoals  dredged  were  in  what  is  termed  Sawpit  Creek,  or 
that  portion  of  the  channel  between  Fort  George  Inlet  and  Nassau  In- 
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let.  The  principal  ooe  is  called  Gunnison's  Out,  and  the  others  were  the 
tailing  shoals  and  middle  ground  immediately  south  of  it.  Through 
these  latter,  which  in  the  improvement  it  was  intended  to  avoid  by  mak- 
ing cut  No.  2,  (see  report  of  survey,)  a  channel  was  made  of  the  required 
dimensions  by  removing  400  cubic  yards.  At  Gunnison's  Cut,  where 
the  channel  was  completely  closed  for  a  distance  of  half  a  mUe,  the  ma- 
terial to  be  dredged  being  very  soft,  it  was  found  necessary  to  remove 
25,757  cubic  yards  before  a  channel  could  be  obtained  of  the  dimensions 
determined  upon. 

The  total  number  of  cubic  yards  removed  is  28,973,  and  there  is  now 
a  channel  not  less  than  40  feet  wide  and  4  feet  deep,  mean  low-water, 
through  the  entire  inside  passage. 

The  same  causes  that  formed  these  shoals  will  in  all  probability  form 
them  again,  and  the  effect  of  the  present  improvement  will  be  lost  un- 
less another  appropriation  is  made  for  commencing  the  improvement 
recommended  in  my  report  of  the  survey.  In  this  report  an  appropri- 
ation of  $50,000  was  recommended  for  the  fiscal  year  ending  June  30, 
1877,  and  an  additional  appropriation  of  $50,000  is  asked  for  the  fiscal 
year  ending  June  30, 1878. 

Money  statement. 

Amount  available  July  1, 1875 J7,372  40 

Amount  expended  durinp^  fiscal  year  ending  June  30,  1876 7, 372  40 

Amount  (estimated)  required  for  completion  of  existing  project,  $160,000  to.  370, 000  00 
Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    50, 000  00 
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channel  of.the  entrance  to  cumberland  sound. 

United  States  Engineer  Office, 

New  Yorky  April  15, 1876. 

General  :  I  have  the  honor  to  acknowledge  the  receipt  of  a  com- 
munication from  the  Office  of  the  Chief  of  Engineers,  dated  December 
15, 1875,  transmitting  to  me,  for  report  thereon,  the  following  resolution 
adopted  by^the  Dnited  States  Senate  December  13, 1875,  viz  : 

Resolvedf  That  the  Secretary  of  War  be  requested  to  commnnicate  to  the  Senate  bis 
views  as  to  the  importance  and  practicability  of  improving  the  channel  of  the  entrance 
to  Cumberland  Sound,  with  estimates  of  the  probable  cost  of  the  construction. 

I  also  received,  at  the  same  time,  for  my  information,  a  letter  ad- 
dressed to  the  Chief  of  Engineers  on  the  2d  of  November,  1875,  by  the 
Hon.  D,  L.  Yulee,  of  Florida,  accompanied  by  sundry  documents  and 
maps,  all  having  reference  to  the  subject  embraced  by  the  resolution  of 
the  Senate. 

The  bar  which  obstructs  the  entrance  from  the  ocean  to  Cumberland 
Sound  is  commonly  known  as  Fernandina  Bar,  and  the  anchorage  inside 
as  Fernandina  Harbor.  The  northerly  portion  of  this  harbor,  lying 
between  the  main-land  and  the  south  end  of  Cumberland  Island,  ig 
called  Cumberland  Sound.  The  southerly  portion  borders  on  the  north 
end  of  Amelia  Island. 

In  1843  that  portion  of  the  anchorage  directly  north  of  and  adjacent  to 
Amelia  Island,  starting  from  a  point  due  north  of  Fort  Clinch  wharf,  ran 
in  an  irregular  curved  line  about  due  east,  to  the  northward  of  the  present 
main  inner  channel,  and  at  distances  from  it  varying  from  70  to  250 
yards.    At  a  point  about  2,300  yards  east  from  this  assumed  starting* 
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point,  it  crossed  the  present  line  of  channel,  running  in  a  southeasterly 
direction,  about  parallel  to  the  present  western  branch  of  the  bar-chan- 
nel, and  130  yards,  more  or  less,  to  the  southwest  of  it. 

At  a  point  a  little  over  eight-tenths  of  a  mile  due  east  from  the  pres- 
ent east  beacon  on  Amelia  Island,  it  divided  and  crossed  the  bar  in 
two  branches,  called  the  Eastern  Channel  and  the  Southern  Channel, 
with  a  total  divergence,  at  the  3-fathom  curve  outside  the  bar,  of  3J 
miles. 

The  present  main  channel  over  the  bar  corresponds  to  this  former 
Eastern  Channel,  although  located  over  ^  of  a  mile  farther  south. 

The  depths  of  the  old  inner  channel,  from  the  starting-point  to  the 
fork,  varied  from  27  to  68  feet.  Over  the  same  course  the  present  depths 
vary  from  19 J  to  46^  feet ;  the  greatest  depths,  then  as  now,  being  found 
north  of  Amelia  Island,  in  what  we  shall  term  the  Amelia  Basin.  The 
deepest  water  of  the  channel  of  1875,  corresponding  to  that  portion  of 
the  main  channel  of  1843  inside  the  fork,  shows  on  the  map  depths 
varying  from  19J  to  55^  feet. 

Going  out  from  the  fork  above  mentioned,  the  Southern  Channel  ran 
for  half  a  mile  in  the  same  southeasterly  direction  as  the  main  channel 
deviations  in  a  southeasterly  direction,  until  it  crossed  the  outer  18foot 
above  the  fork,  when  it  swept  around  more  to  the  south,  with  occasional 
curve  after  a  course  of  3  miles  from  the  fork,  and  at  a  point  east  12^ 
south  from  Amelia  Island  light-house,  and  2J  miles  from  it.  The  depths 
in  the  Southern  Channel  ranged  from  14  to  25  feet. 

This  course  has  shoaled  to  such  a  degree  that  it  has  ceased  to  be  used 
by  any  class  of  vessels.  Indeed,  no  channel  over  the  bar  has  existed 
in  that  vicinity  for  the  last  twenty  years  or  more. 

The  Eastern  Channel  of  1843,  beginning  at  the  fork,  ran  out  in  a 
somewhat  crooked  line,  but  its  general  direction  was  north  55°  east,  or 
about  parallel  to  its  course  in  later  years  down  to  the  present  time.  Its 
minimum  low-water  depth  in  1843  was  13  feet.  The  point  where  it 
debouched  into  deep  water  was  about  ly%  miles  distant  from  the  fork. 
This  eastern  branch  of  the  bar-channel  exhibits  an  evident  tendency  to 
shift  to  the  southward  and  eastward,  while  it  remains  parallel,  or  nearly  so, 
to  its  direction  in  1843.  In  1856  its  axis  was  about  900  yards  south- 
east from  its  position  in  1843,  having  traveled  at  the  rate  of  about  70 
yards  per  annum ;  in  1860  about  340  yards  southeast  from  that  in  1856, 
or  26  yards  per  annum ;  in  1874  about  320  yards  southeast  from  that  in 
1869,  and  from  the  survey  of  December,  1875,  and  January,  1876,  it 
appears  that  it  has  moved  about  120  yards  from  its  position  in  1874. 

In  1843  the  length  of  the  Eastern  Channel  between  the  inner  and  outer 
ISfoot  curves  was  1/^  miles,  the  least  depth  being  13 feet.  In  1856  the 
whole  length  was  about  1^  miles,  and  the  minimum  depth  13  to  14  feet. 
In  1869  the  whole  length  was  1|^  miles,  with  a  minimum  depth  of  13  feet, 
while  at  the  present  time,  although  the  average  low- water  depth  is  14 
feet,  the  least  depth  for  a  short  distance  is  only  llj  feet. 

The  18foot  curves  on  the  north  and  south  sides  of  Amelia  Basin  have 
remained  about  stationary  since  the  survey  of  1843. 

The  north  side  of  this  basin  is  formed  by  shoals,  some  of  them,  like 
the  Pelican  Shoal,  bare  at  low-water,  extending  a  length  of  about  3 
miles  from  the  south  point  of  Cumberland  Island,  in  an  easterly  direc- 
tion. A  current  observation  made  in  the  basin  north  of  the  location  of 
the  old  wharf  at  Fort  Clinch  shows  the  direction  of  the  ebb-tide  to  be 
about  N.  68°  B.,  being  directed  upon  and  apparently  striking  the  south 
slope  of  the  shoals  at  an  oblique  angle.  The  observation  being  stated 
<>o  have  been  taken  at  a  time  when  the  influence  of  wind  was  small,  this 
direction  is  to  be  considered  as  the  natural  outflow  of  ebbtide  at  that 


448         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

point,  beiug  the  resultant  at  the  precise  point  of  observation,  thoagh 
perhaps  not  the  ultimate  and  dnal  resultant  of  the  outflows  from  Amelia 
Biver  and  Cumberland  Sound.  It  seems  more  probable  that  the  axis  of 
Amelia  Basin,  which  lies  nearly  east  and  west,  gives  the  true  mean 
direction  of  the  combined  ebb-currents  from  tho  sources  named. 

Under  this  supposition  it  is  not  necessary  to  assume  that  the  material 
composing  the  north  shoal  is  of  sufficient  firmness  to  have  resisted  for 
a  series  of  years  the  eroding  action  of  these  combined  ebb-currents 
striking  against  it  obliquely,  but  the  inference  is  admissible  that  the 
permanent  character  of  Amelia  Basin  is  due  to  an  equilibrium  of 
hydraulic  agencies  rather  than  to  any  powers  of  resisting  wear  possessed 
by  the  sides  of  the  channel  ou  either  side.  Additional  observations  of 
the  currents,  and  of  the  character  of  the  bottom,  are  required  in  order 
to  determine  this  point  beyond  doubt. 

The  eastern  end  of  this  basin  has  been  steadily  extending  itself  sea- 
ward, in  a  direction  about  north  6S^  east,  forming  at  the  present  time 
a  deep  pocket  reaching  into  the  inner  or  western  slope  of  the  bar  about 
three-quarters  of  a  mile  farther  than  it  did  in  1843,  and  correspondingly 
narrowing  the  bar  at  that  point.  According  to  the  survey  of  the  bar  in 
January,  1876,  this  eastern  end  has,  since  1874,  advanced  about  200 
yards  toward  the  sea. 

The  evident  tendency  is  to  cut  through  and  form  a  new  channel  nearly 
parallel  to  the  eastern  channel  of  1843,  and  about  450  yards  to  the  north- 
ward of  it,  to  take  the  place  of  that  channel,  in  fact,  while  the  latter, 
which  has  already  moved  south  nearly  1,400  yards  from  its  position  in 
1843,  will,  in  time,  under  a  continuance  of  the  agencies  that  have  been 
at  work,  replace  the  Southern  Channel  of  1843,  which  became  extinct  at 
least  twenty  years  ago. 

In  1843  the  eastern  end  of  this  deep-water  basin  had  also  a  south- 
eastern deep-water  pocket,  directed  toward  and  having  a  channel  out- 
let to  the  ocean  through  the  old  Southern  Channel.  Since  the  closing 
of  that  channel  this  southeastern  pocket  has  been  greatly  shortened  by 
filling  in,  and  at  the  present  time  does  not  extend  as  far  south,  by  three- 
eighths  of  a  mile,  as  the  most  southerly  bend  of  the  existing  bar-channel. 

The  trend  of  the  coast,  from  Saint  Augustine,  Fla.,  to  Saint  Andrew's 
Sound,  Ga.,  a  length  of  80  miles,  is  nearly-  due  north  and  south.  It  is 
fully  exposed,  therefore,  to  northeast,  east,  and  southeast  storms.  There 
is  no  evidence  of  a  prevailing  littoral  current,  although  the  Coast  Survey 
chart  shows  that  the  flood  produces  a  northern  and  the  ebb  tide  a  south- 
ern current  along  the  coast.  The  shifting  character  of  the  bar  is  due  to 
the  combined  and  ever-varying  action  of  winds,  waves,  and  tidal  and 
storm  currents.  There  are  no  tables  of  records,  so  far  as  I  know,  show- 
ing the  duration  and  intensity  of  any  of  these  agencies;  and  their  rela- 
tive influence,  therefore,  can  only  be  inferred  from  the  observed  magni- 
tude of  the  results  produced,  and  these  point  to  the  superior  aggregate 
force  of  northeast  winds,  and  the  waves  and  currents  produced  by 
them. 

Supposing  a  channel  to  exist,  forming  an  eastern  outlet  of  the  Amelia 
Basin  in  about  a  straight  line  with  an  assumed  longitudinal  axis  of  the 
basin,  ^but  unprotected  by  artificial  works,  the  waves  of  translation, 
driven  on  by  a  northeast  gale,  having  previously  obtained  great  power 
and  volume  by  rolling  over  an  unlimited  sea,  will  sweep  along  soft  sand 
and  broken  shells  and  fill  in  the  channel.  The  pent-up  water  of  the 
flood-tides  in  Cumberland  Sound  and  Fernandina  Harbor  will,  under 
the  influence  of  north  and  northeast  winds,  form  an  outlet  in  a  more 
southerly  direction.  This  motion  of  the  channel  will,  of  course,  be  re- 
tarded and  complicated  by  the  effects  of  southeasterly  winds.    In  the 
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oonrse  of  years  the  channel  will  have  been  forced  so  far  soath,  slewing 
around  so  mach  in  a  southerly  direction,  that  its  track  across  the  bar 
will  be  greatly  lengthened  by  its  obliquity ;  the  edges  of  its  banks  will 
more  readily  and  frequently  be  broken  down  by  waves.  The  liability 
to  shoal,  and  the  constantly-increasing  obstructions,  will  so  impede  the 
outdow  that  a  moment  will  arrive  when,  aided  by  favorable  circum- 
stances, such  as  spring-tides  of  uncommon  height,  in  connection,  per- 
haps, with  freshets  and  strong  westerly  winds,  the  ebbtide  will  break 
through  the  bar  at  some  place  more  nearly  in  elongation  of  the  deep- 
water  axis  of  Amelia  Basin,  when,  as  in  1843,  there  will  be  two  entrance- 
channels. 

It  would  seem  to  be  evident  that  with  the  facilities  now  afforded  to 
the  water  to  make  its  d6bouch  through  a  shorter  and  more  conveniently- 
located  channel,  the  Southern  Channel  will  pass  a  steadily  diminishing 
volume  of  water,  the  deterioration  of  its  banks  will  augment  in  a  rapidly 
increasing  ratio,  and  it  will  eventually  fill  up  to  a  level  with  the  sur- 
rounding bar  and  cease  to  be  a  ship-channel.  This  is  the  condition  of 
things  at  the  present  time,  and  has  been  so  for  the  last  twenty  years  or 
more. 

As  to  the  outer  18-foot  curve  bordering  on  the  ocean,  it  has,  in  the 
vicinity  of  the  eastern  end  or  mouth  of  the  main  channel,  remained 
about  stationary  since  1869 ;  but  about  1^  miles  north,  it  has  progressed 
seaward  about  pne-fourth  of  a  mile.  As  compared  with  the  chart  of  1856, 
however,  the  chart  of  1875  shows  that  in  the  vicinity  of  the  mouth  of 
the  main  channel  the  deep  water  has  gained  since  1856,  forcing  back  the 
outer  18-foot  curve  about  one-fourth  of  a  mile. 

The  whole  length  of  the  Fernaudina  bar,  measured  along  its  crest,  is 
7  miles,  and  the  distance  in  a  straight  line  between  the  two  points  where 
the  ends  join  the  shore  is  over  4  miles.  Its  southern  portion,  constitut- 
ing fully  three-fifths  of  its  entire  length,  lies  to  the  seaward  of  the  gen- 
eral line  of  the  coast,  the  most  salient  point  on  the  outer  18foot  curve 
being  If  miles  to  the  eastward  of  a  straight  line  drawn  tangent  to  the 
shore  above  and  below  the  harbor.  Its  formation,  maintenance,  and 
changeable  character  are  due  to  the  combined  action  of  the  waves  and 
tides,  and  not  to  the  subsidence  of  8e<liment  brought  down  by  the  streams 
(Amelia  and  Saint  Mary's  Eivers)  which  discharge  their  waters  into 
Cumberland  Sound. 

FORMATION  AND  GEOWTH  OF  BARS. 

Delta  bars  are  formed  at  the  mouths  of  delta  streams  by  material 
carried  down  by  the  stream  and  deposited  at  its  mouth. 

Dri/t'bars — so  designated  by  General  Humphreys — are  formed  by 
sand  carried  or  drifted  along  the  shore,  and  dropped  in  the  mouths  of 
streams,  at  times  when  the  prevailiug  winds  cause  the  waves  to  wash 
the  shores  obliquely,  thus  producing  surf  currents  along  the  shore,  some- 
times in  one  direction  and  sometimes  in  another,  according  to  the  di- 
rection  of  the  obliquity. 

Wave-bars  are  produced  by  the  upheaving  action  of  the  waves,  when 
tbey  approach  the  shore  and  are  converted  by  breaking  into  waves  of 
translation.  The  bar  is  the  result  of  their  eifort  to  maintain  an  unbroken 
l>each  across  the  mouth  of  the  stream.  The  mouth  of  a  river  may  be 
entirely  closed  by  a  single  storm.  Such  was  practically  the  case  several 
^-ears  ago  at  the  mouth  of  Black  Kiver,  Ohio,  after  the  east  pier,  first 
constructed,  had  disappeared.  There  was  ordinarily  12  feet  of  water  on 
tbe  bar  at  its  mouth,  while  inside  16  to  18  feet  could  be  carried  for  a 
distance  of  4  miles. 
29  E 
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There  are  few  bars  which  owe  their  existence  to  any  one  of  the  fore- 
going causes,  to  the  entire  exclusion  of  the  others.  When  the  harbor 
or  river  empties  into  a  tidal  sea,  the  results  are  greatly  modified,  and 
in  some  cases  largely  controlled  by  the  tide-currents. 

The  bar  at  the  mouth  of  a  delta  stream,  although  it  may  be,  and  usu- 
ally is,  composed  largely  of  the  sediment  furnished  by  the  stream,  is 
yet  in  the  general  case  made  up  in  part  of  drift  material  brought  in  by 
the  surf  on  either  side,  and  in  part  of  material  cast  up  by  the  waves. 

If  the  stream  is  non-sedimentary  and  supplies  no  appreciable  portion 
of  the  bar,  the  latter  may  be  due  almost  exclusively  either  to  the  drift 
or  to  the  action  of  the  waves,  modified  in  tidal  waters  by  the  ebb  and 
flow  of  the  tidal  currents. 

A  drift-and-wave  bar  can,  in  most  cases  of  streams  which  carry  down 
a  large  rain-fall,,be  converted  temporarily  into  a  drift-bar  only  by  the 
construction  of  parallel  piers  or  jetties  reaching  from  the  shore  to  or 
beyond  the  crest  of  the  bar,  and  then  deepening  the  water  between  the 
jetties  by  dredging  in  case  the  scouring  does  not  eflPect  it.  If  the  depth 
attained  be  such  that  the  waves  do  not  break  on  the  bar,  and  thus  be- 
come waves  of  translation,  they  will  throw  up  little,  if  any,  sand.  The 
channel  in  this  case  will  not  shoal  up  rapidly  until  the  drift  accumu- 
lates on  the  outer  side  of  the  windward  pier  to  such  extent  that  it  begins 
to  escape  around  the  end.  A  deposit  will  then  ensue  ia  the  channel 
between  the  pierheads,  and  a  drift-bar  will  be  formed.  As  soon  as  the 
water  becomes  shallow  enough  to  cause  the  waves  to  break  in  the  chan- 
nel, the  shoaling  will  be  hastened,  and  the  bar  will  then  become  a  drift- 
and-wave  bar. 

The  existence  of  the  Fernandina  bar  and  the  changes  which  it  is  con- 
stantly undergoing  are  due  to  the  combined  action  of  winds,  waves,  and 
tides.    It  is  in  no  sense,  nor  to  any  extent,  a  delta-bar. 

In  considering  the  question  of  the  probable  effects  of  jetties  on  the 
improvement  of  Fernandina  Harbor,  it  is  necessary  to  form  an  estimate 
of  the  volume  of  water  received  by  the  tidal  or  storage  basin  at  average 
flood-tide,  and  of  the  amount  discharged  at  ebb-tide,  which  includes 
the  supply  of  fresh  water  by  the  Saint  Mary's  and  other  streams. 
This  estimate  cannot  be  other  than  a  rude  approximation,  since  only  a 
few  surface-current  observations  are  shown  on  the  Coast  Survey  chart, 
and  only  a  small  part  of  the  tidal  basin  is  given  by  that  chart  on  a 
sufficiently  large  scale  to  allow  a  computation  to  be*  made  of  its  area. 
The  following  pages  will  show  the  results  of  the  investigation  in  that 
direction : 

1.  Area  of  tidal  reservoir. 

2.  Its  cubic  contents  between  mean  high  and  low  water. 

An  approximate  estimate  of  the  area  covered  by  the  flood-tide,  west 
of  Amelia  Basin,  gives  the  following  results : 

Square  feet. 

Amelia  River 47,780,000 

Dividing  Basin,  S.  Amelia  River 13,500,000 

Jackson  Creek 4,140,000 

Kingsley's  Cut 2,196,000 

Laoceford  Creek 24,748,000 

Bell  River 62,251,a00 

Jolly  River 23,828,000 

Saint  Mary's  River 115,500,000 

North  River : 6,900,000 

Cumberland  Sound 388,000,000 

All  other  creeks  and  inlets,  say  10  per  cent 68,884,380 

Total  area 767,728,180 

Or  about  27  square  miles. 
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The  mean  rise  aud  fall  of  tide  at  Fernandina  is  5.9  feet ;  at  Saint 
Mary's,  6.3  feet.  If  the  general  average  of  rise  and  fall  for  the  whole 
area  is  taken  at  6  feet,  the  volume  of  water  flowing  out  between  Cum- 
berland and  Amelia  Islands  in  a  period  of  6  hours  and  15  minutes, 
which  is  the  average  duration  of  ebbtide,  is  equal  to  4,546,369,080 
cubic  feet.  This  is  the  total  volume  of  the  tidal  basin  between  the 
planes  of  high  aud  low  water,  and  does  not  include  any  water  derived 
from  land-drainage. 

Three  profiles,  marked  I,  11,  and  III,  were  drawn  and  calculated. 
Their  location  is  shown  in  Plates  I  and  11,  their  cross-sections  on  Plate 
III.  It  will  be  seen  that  11  and  III  have  the  form  of  curves,  which  re- 
sults from  their  being  located  in  their  proper  positions  normally  to  the 
direction  of  the  various  current-threads.  Profile  I  was  assumed  to  be 
in  a  straight  line  about  normal  or  perpendicular  to  the  average  direc- 
tion of  the  tide-currents  in  that  vicinity,  (tide  observation  No.  2  on  the 
chart  of  1875.)  Dividing  the  ebb-tide  into  four  quarters,  the  areas  of 
Profile  I,  passed  through  by  the  water  at  these  several  stages,  average 
as  follows : 

PROFILE  I.— EBB. 

Square  feet. 

Daring  first  qaarter,  beginning  at  high-water  slack 158,465 

Daring  second  qaariier 149,580 

During  third  quarter * 140,795 

Daring  fourth  quarter 132, 113 

Mean  area 145,23d 

The  aggregate  time  occupied  in  passing  these  several  areas  or  sub- 
profiles  is  6  hours  15  minutes,,or  22,500  seconds.  The  volume  discharged 
during  that  time,  not  including  the  land-drainage,  is  estimated  at 
4,546,369,080  cubic  feet.  As  a  merely  preliminary  test,  we  will  assume 
that  this  volume  passes  out  at  a  unitorm  rate,  that  is,  with  a  steady 
average  velocity,  and  through  an  unchanging  mean  cross-section.  On 
this  hypothesis  we  find  the  volume  discharged  per  second  to  be  202,061 
cubic  feet.  The 'area  of  cross-section  being  145,238  square  feet,  the 
mean  velocity  in  such  an  ideal  case  would  be  1.391  feet  per  second,  or 
0.948  mile  per  hour.  According  to  DuBuat,  the  corresponding  surface- 
velocity  should  be  in  this  case  1.185  mile.  By  referring  to  current  ob- 
servation No.  2,  (chart  of  1875,)  in  the  vicinity  of  profile  I,  we  find  the 
surface-velocities,  commencing  with  0  at  high-water  slack,  to  be  1.7 
nautical  miles  at  the  end  of  the  first  quarter,  2.1  nautical  miles  at  the 
end  of  the  second  quarter,  and  1.7  nautical  miles  at  the  end  of  the  third 
quarter.  The  average  surface-velocity  is,  consequently,  1.38  nautical 
miles  =  1.58  statute  miles,  or  0.40  mile  more  than  that  above  calculated. 
This  shows  at  once  that  the  current  must  be  of  unequal  force,  stronger 
in  the  deep  portions  and  weaker  over  the  shoals  near  the  shores.  This 
fact  has  been  demonstrated  by  many  experiments,  and  expressed  in  for* 
mulaB.  It  has,  among  other  proofs  of  its  existence,  as  a  law,  been  cor- 
roborated in  an  interesting  manner  by  the  important  observations  of 
Mr.  Kevy,  on  the  Parana,  the  Uruguay,  aud  the  La  Plata  estuaries,  (J. 
J.  K6vy,  London,  1874.)    In  these  great  watercourses — 

The  velocity  of  the  river,  at  any  given  cross-section,  proved  to  be  directly  propor- 
tional to  the  depth.  Thus,  if  a  shoal  occurs  in  the  middle  of  the  channel,  the  velocity 
of  the  current  over  the  shoal  is  less  than  that  of  the  deeper  water  on  either  side;  and 
this  diminution  of  speed  is  proportionate  to  the  loss  of  depth.  So  direct  is  this  rela- 
tion that  a  plan  of  the  surface-velocities,  if  projected  on  the  appropriate  scale,  coincides 
very  closely  with  the  section  of  the  bottom  of  the  river.  (Hydraulics  of  Great  Rivers, 
Cdinborg;  Review,  1874.) 
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The  calculated  mean  velocity  was  found  to  be  1.391  feet  per  second ; 
the  observed  average  surface-velocity  at  ebb-tide  1.58  statute  miles  per 
hour  =  2.33  feet  per  second,  corresponding  to  a  general  mean  velocity  of 
1,86  feet  per  second.  To  this  velocity  corresponds  a  certain  head,  or 
what  amounts  to  the  same  thing,  a  mean  hydraulic  slope.  This  hydraulic 
slope  is  considered  to  be  the  same  for  all  the  different  portions  of  the 
profile  now  under  consideration,  but  it  will  produce  different  velocities, 
the  greatest  (1.86  feet  per  second)  in  deep  water,  and  less  toward  the 
shoals.  Making  use  of  the  formula  of  Downing,  which  is  at  once  sim- 
ple and  assumed  to  be  rather  satisfactory  for  large  discharges  of  water, 
we  find 

V  =  100 X  Vkx  d 

where  V  =  mean  velocity  in  feet  per  second, 

B  =  hydraulic  radius,  i,  e.,  area  of  profile  divided  by  wet  perimeter, 
S  =  mean  hydraulic  slope, 

from  which  we  derive 

s=      ^ 


10000  X  K 

The  mean  aggregate  area  of  the  profile  is  145,238  square  feet;  the  vol- 
ume per  second  202,061  cubic  feet  at  ebb-tide.  To  the  mean  velocity  of 
1.86  feet  in  deep  water,  corresponds,  according  to  the  formula,  a  mean 
hydraulic  slope  S  =  . 0000088.  If  we  divide  profile  I  into  seven  cooi- 
partments,  according  to  depths,  we  obtain  the  mean  velocity  Y  in  any 
compartment  of  which  the  mean  hydraulip  depth  is  r  by  the  equation 

V  =  100x  V'TlTtt 

wherein  the  value  of  S  is  substituted  as  derived  from  the  known  velocity 
and  hydraulic  depth  of  the  deepest  compartment.  The  results  which 
furnish  one  of  the  factors  of  the  middle  column  in  the  following  table 
show  the  lessened  velocities  of  flowing  water  in  the  shallow  portion  of 
a  profile,  as  compared  with  the  greater  velocities  in  the  deeper  parts. 

Knowing  the  area  of  each  compartment  and  its  corresponding  mean 
velocity,  the  volumes  are  found  as  follows : 

First  compartment,       7, 393  X    .92  =  6, 802  cabio  feet. 

Second  compartment,  27, 294  X  1.24  =  36, 324  cubic  feet. 

Tbird  conipartmeot,    11,669x1.4   =  16,337  cubic  feet. 

Fourtb  compartment  83,047  X  1.86=  154,467  cubic  feet. 

Fifth  compartment,      9, 126  X  1.4   =  13, 324  cubic  feet. 

Sixth  compartment,      2,043x1.26=  2,574  cubic  feet. 

Seventh  compartment,  2,  b32  X    .82  =  2, 322  cubic  feet. 

232, 150  cubic  feet. 

This  exceeds  the  original  estimate  (202,061  cubic  feet)  by  about  15 
per  cent. ;  but,  in  the  first  place,  it  is  clear  that  reducing  the  size  of  the 
compartments  or  panels  by  increasing  their  number  will  result  in  a 
more  correct  computation,  coming  closer  to  the  approximate  volume  of 
202,061  cubic  feet ;  secondly,  that  the  flow  on  the  shoaler  portions  has 
been  already  interfered  with  by  friction,  when  arriving  at  the  shore- 
ends  of  the  profile ;  and,  third,  that  the  calculated  discharge  of  232,150 
cubic  feet  per  second,  being  based  upon  the  observed  mean  hydraulic 
radii,  includes  the  land-drainage  of  the  Saint  Mary's  Biver  and  tributa- 
ries, which  was  not  taken  into  account  in  the  first  estimate  of  202,061 
cubic  feet  discharged  per  second. 
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VOLUMES  OF  EBB  AND  FLOOD  TIDES. 

We  shall  now  consider  more  in  detail  the  flow  of  tides  in  Fernandina 
Harbor,  beginning  with  the  ebbtide,  and  calculating  its  volumes  of 
flow  through  Profiles  I,  II,  and  III,  and  Plates  I,  II,  and  III. 

Ebbtides. — We  will  commence  with  Profile  I,  located  as  already  de- 
scribed. The  ebb-tide  is  stated  to  last  6  hours  15  minutes.  From  a 
rather  careful  and  detailed  computation  it  is  found  that,  beginning  at 
high-water  slack,  the  following  volumes  pass  duriug  the  four  quarters 
of  the  ebb-tide,  the  duration  of  each  quarter  being  1  hour  33  minutes 
45  seconds,  or  5,625  seconds.  For  each  quarter  the  profile  was  divided 
into  seven  compartments,  according  to  the  most  striking  variations  of 
depths,  the  area  of  each,  and  its  own  wetted  perimeter  ascertained,  and 
its  special  mean  velocity  deduced  by  means  of  D'Aubuisson-Downing's 
formula: 

PROFILE  L— BBB. 

Volumes  per  second  in  cubic  feet. 


Nomber  of  quarter. 

Total 
yolame. 

Between  18-foot  cnrres. 

Between  24'foot  onrvee.) 

■First 

159. 708 
3^3,062 
304,656 
126,589 
SS6,754 

1 19, 145,  or  78    per  cent,  of  whole . . 
256,466.  or  80     per  cent  of  whole. . 
245.3 18,  or  80     per  cen  fc.  of  whole . . 
104,003,  or  82.2  per  cent,  of  whole.. 
181,233,  or  80    per  cent,  of  whole. . 

98,517,  or  64.5  per  cent,  of  whole. 
213.15.3,  or  66  per  cent,  of  wholo. 
205,074.  or  67.3  uer  cent,  ot  whole. 

Second 

Third 

]P'oarth 

87,724,  or  69.3  per  cent,  of  whole. 
151,117,  or  66.6  per  cent,  of  whole. 

Averaf^e 

This  table  shows  that  by  far  the  largest  portion  of  the  ebb  takes  the 
deep  channel,  and  that  as  the  tide  continues  the  proportional  amount 
flowing  in  the  deep  channel  increases.  We  perceive  also  that  during 
the  first  half  ebb  the  discharge  exceeds  that  of  the  second  half.  The 
aggregate  discharge  of  one  full  ebb-tide  will  therefore  be  as  follows : 

PROFILE  I.— EBB. 

Cabio  feet 

Volume  of  first  qnarter 858,982,500 

Vf>1aiueof  second  quarter 1,817,223,750 

Volume  of  third  quarter 1,713,690,750 

Volume  of  fourth  quarter 712,063,375 

Volume  of  one  ebb-tide 5,101,960,375 

This  volume  exceeds  by  about  12  per  cent,  the  volume  of  4,546,369,080 
cabic  feet,  calculated  from  quite  a  different  basis.  That  the  outflow 
should  exceed  the  amount  of  stored-up  flood- water  is  clear  enough  ;  the 
qnantity  of  excess  will  depend  on  the  hydraulic  state  of  the  Saint 
Mary's  River,  and  the  other  tributaries. 

Profile  II.  This  profile  is  located  lower  down  the  Amelia  Basin,  taken 
normally  to  the  average  direction  of  the  currents  of  observation  No.  5, 
(chart  1875.)  It  is  a  partial  profile,  touching  shore  only  on  its  southern 
end  where  it  crosses  Kingsley's  Bank.  The  other  end  terminates  on  the 
north  shoal. 

The  observed  surface- velocities  of  the  ebbtide,  at  the  deep-water  por- 
tions of  this  profile,  are  1.9,  2.6,  and  2  nautical  miles  per  hour,  at  the 
end  of  the  first,  second,  and  third  quarters,  respectively.  From  the«e 
data  we  deduce  the  various  velocities  for  the  different  depth-compart» 
ments  of  the  profiles  of  the  first,  second,  third,  and  fourth  quarter  ebb, 
and,  having  these,  we  obtain  the  volumes. 
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PROFILE  n. — EBB. 


Volumes  per  second  in  oubio  feet. 


Number  of  qaarter. 

Total 
volume. 

Between  18-foot  curves. 

Between  24-foot  curves. 

First 

106, 670 
234, 401 
223.388 
89, 668 
163,536 

85.892,  or  80.6  per  ceut.  of  whole. . 
194.110,  or  82.8  per  cent,  of  whole. . 
191,381,  or  85.6  per  cent,  of  whole. . 

79,258,  or  88.3  per  cent  of  whole. . 
137,662,  or  84.2  per  cent,  of  whole. . 

75,110,  or  70.5  per  cent,  of  whole. 
171,407,  or  74.1  per  cent  of  whole. 
168,832,  or  75.6  per  cent,  of  whole. 

70,140,  or  78.2  per  ceot.  of  whole. 
121,372,  or  74.2  per  cent,  of  whole. 

i:ieoond 

Third 

Pourth 

Average 

Oomparing  this  table  with  that  of  Profile  I,  it  is  found  that  72  per 
cent,  of  the  whole  volume  that  passed  Profile  I  flows  through  the  par- 
tial Profile  II,  including  Kingsley's  Bank.  Consequently,  while  the  ebb- 
tide moves  from  Profile  I  to  II,  a  distance  of  1|  miles  measured  along 
the  deep-water  channel,  28  per  cent  of  the  whole  volume  escapes  in  a  north- 
erly direction  through  Cumberland  Channel  and  across  Pelican  and  other 
shoals.  In  both  profiles  the  proportion  of  water  taking  the  deep  chan- 
nel increases  with  each  succeeding  quarter — i,  e,j  as  the  tide  lowers — a 
fact  which  is  more  strongly  marked  in  Profile  II  than  in  Profile  I,  show- 
ing that  the  resistance  to  sideway  spreading  over  the  northern  shoals  aug- 
ments as  the  height  of  the  tide  decreases. 

Profile  III.  This  is  also  a  partial  profile,  located  on  the  western  or 
inner  slope  of  the  bar,  and  crossing  the  present  main  channel.  This 
profile  necessarily  presents  a  considerably  curved  line,  on  the  princi- 
ple that  a  profile  should  always,  as  nearly  as  possible,  be  normal  to  the 
direction  of  the  currents.  It  is  located  so  as  to  take  in  the  two  current 
observations,  Kos.  8  and  10,  (chart  of  1875,)  and  to  cross  the  eastern 
end  of  the  eastern  deep-water  pocket  of  Amelia  Basin.  Of  the  observed 
velocities  of  l^os.  8  and  10,  averages  were  taken  and  assumed  to  apply 
to  that  part  of  the  profile  situated  about  midway  between  the  two  points 
of  observation ;  and  on  that  basis  the  various  velocities  resulting  for  the 
different  depth  compartments  of  the  profile  were  calculated  by  nsfng 
Downing's  formula. 

The  profile  extends  from  Amelia  Island  across  the  existing  shipchan- 
uel  on  the  bar,  and  across  the  eastern  end  of  the  deep-water  pocket,  to 
the  Ofoot  curve  of  the  north  breakers. 


PROFILE  III.— EBB. 


Volumes  per  second  in  cubic  feet. 


No.  of  qaarter. 

Total 
volume. 

In  main  channel. 

In  deep-water  pocket. 

Firat 

78,250 
24.^941 
213,  oe.'s 

53,549 
147, 7e« 

19,037,  or  24.3  per  cent,  of  whole 

5.5.845.  or  22.7  i>er  cent,  of  whole 

11.100.  or  14  per  cent,  of  whole. 

im  :ifin    nr  i'A  R  TtAP  rtAiit    nf  whniA 

Second 

Third 

48.7:i.'>,  or  22.9  per  cent,  of  whole !  :iO,158,  or  14. 1  per  cent  of  whole. 

12.497.  or  23  35t>er  cent,  of  whole ^  ^-^^  **'>•  ^^  ^kn'*  r^^nt.  nf  ■arUiAn 

Fourth 

Average 

34.02^,  or  23  per  cent,  of  whole 

20,671,  or  14  per  cent,  of  whole. 

By  comparing  the  average  discharge  (147,706  cubic  feet)  of  Profile  III 
with  the  average  discharge  (103,530  cubic  feet)  of  Profile  11,  a  difference 
of  9.7  per  cent,  is  found.  This  amount,  which  is  equal  to  7  percent,  of 
the  total  ebb-flow  through  Profile  I,  passes  out  over /the  shoals  of  the 
north  breakers  while  the  ebbtide  is  moving  from  II  to  III.  From  I  to 
III,  therefore^  3b  per  cent,  of  the  whole  discharge  escapes  across  the  north 
breakers  J  of  which  amount  26  per  cent,  passes  between  I  and  II  and  7  per 
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cent  between  II  and  IIL  By  measurlDg  the  line  from  I  to  III  along  the 
shoals  on  the  soatbern  borders  of  the  north  breakers,  we  dnd  that,  for 
equal  lengths,  more  water  escapes,  comparatively,  between  Camberland 
Island  and  Pelican  Shoal  than  farther  out,  as  might  have  been  expected 
from  the  greater  depths  of  Camberland  Channel.  If  we  take  the  whole 
length  of  shoal  line  from  Cumberland  Point  to  the  north  end  of  Profile 
III  to  be  about  5,400  yards,  as  measured  on  the  chart,  then,  between  I 
and  III,  1  per  cent,  of  the  total  discharge  escapes  at  every  linear  length 
of  154  yards.  But  by  considering  only  the  distance  from  I  to  111  (3,875 
yards)  we  find  1  per  cent,  flowing  out  in  a  northerly  direction  over  every 
length  of  138  yards,  on  an  average,  while  from  11  to  III,  1  per  cent, 
flows  out  over  every  length  of  218  yards.  This  seems  to  indicate  the 
deflecting  influence  of  the  shoals  of  the  north  breakers  daring  ebb-tide. 
It  is  also  seen,  by  inspecting  the  tables  of  Profiles  I,  II,  and  III,  that, 
during  the  first  half  of  the  ebb,  the  discharge  is  always  larger  than 
during  the  second  half,  and  that  of  the  discharges  during  the  four 
quarters,  those  of  the  second  quarter  are  uniformly  the  largest.  In  Pro- 
file 1  the  discharge  of  the  first  half  of  ebb  is  5  per  cent,  larger  than 
during  the  second  half;  in  Profile  II  nearly  7  per  cent.,  and  in  III  10 
per  cent. 

FLOOD-TIDES. 

The  duration  of  the  flood  is  stated  to  be  6  hours  9  minutes.  Compu- 
tations have  been  made  of  the  volumes  of  water  received  during  each 
of  the  four  quarters  of  flood,  of  Profiles  I,  II,  and  111.  The  following 
are  the  results : 

PROFILE  I.— FLOOD. 

Volumes  per  second  in  cubic  feet. 


No.  of  qaarter. 


Tint 

S«HM>nd 

Third 

Ponrth 

Average 


Total 
Tolame. 


67,790 
S42, 742 
340.  710 
148,  687 
199.  9ti2 


Between  Id-foot  carves. 


55,743,  or  89.3  per  cent  of  whole. . 
195,43;i,  or  80  5  per  cent,  of  whole. 
369,595,  or  79.1  per  cent,  of  whole. 
ll.'i.kOO,  or  77.5  per  cent  of  whole. 


46,940.  or  69.3  per  cent  of  whole. 
163,418,  or  67.3  per  cent  of  whole. 
334.810,  or  66  per  cent  of  whole. 
95,925,  or  64.5  per  cent  of  whole. 
154, 190,  or  77.3  i>er  cent  of  whole 132,773,  or  66.4  per  cent  of  whole. 


Between  S4-foot  onrves. 


It  has  been  found  that  if  the  estimate  of  accumulated  flood-water  iu 
the  reservoir  composing  Cumberland  Sound  and  the  connecting  creeks 
and  estuaries  be  approximately  correct,  then  there  ought  to  be  an  out- 
flow averaging  202,061  cubic  feet  per  second  discharged,  for  draining 
off  the  reservoir  to  low* water  level,  while  the  inflow  should  average 
205,346  cubic  feet  per  secoud,  in  view  of  the  shorter  duration  of  the 
flood-tide.  The  table  above  shows  that  I99,98J  cubic  feet  per  second 
are  received  on  an  average,  a  deficiency  of  from  2  to  3  per  cent.  This 
difierence  ought  to  represent  the  water  supplied  to  the  tidal  reservoir 
by  land-drainage,  which  it  does  with  a  close  approximation  to  the  cal- 
culated supply  from  that  source.  It'  the  discrepancy  were  a  large  one, 
it  might  be  accounted  for  in  various  ways.  For  instauce,  it  is  quite 
probable  that  after  the  real  ebbtide  has  already  ceased,  the  river-water, 
which  at  low-water  has  its  outflow  least  obstructed,  still  continues  to 
run  out  on  top  of  the  salt  water,  apparently,  though  not  in  fact  pro- 
longing the  ebb,  while  below  it  the  sea-water  already  be^^ins  to  flow 
inward,  and  thus  iu  reality  lengthening  the  apparent  time  of  fiood  and 
shortening  the  apparent  time  of  ebb. 

As  stated  by  Mr.  D.  Stevenson,  it  must  be  borne  in  mind  ^'  that  the 
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applicatioD  of  any  known  formula  to  the  determination  of  the  mean  ve- 
locity and  discharge  of  a  river  is  shown  by  experimental  inquiry  to 
afford  only  a  roagh  approximation,  unless  observations  are  made  em- 
bracing the  velocities  at  different  parts  of  the  cross-sections."  In  deep 
places  these  velocities  should,  if  possible,  be  taken  with  the  tachometer 
or  stream-gauge,  to  determine  the  velocity  as  the  stream  or  current 
passes  the  line  of  cross-sections.  As  to  the  nnder-currents,  Mr.  Steven- 
son says  that  caution  must  be  observed,  since  the  rules  from  which  the 
mean  velocities  are  deduced  assume  that  they  bear  a  constant  ratio  to 
the  surface-velocities,  which  does  not  apply  to  many  situations  which 
are  within  the  influence  of  the  tide.  In  surveying  the  Dee  at  Aberdeen, 
Mr.  Eobert  Stephenson  found  that,  while  there  was  an  outward  upper 
current  of  fresh  water,  there  was  an  inward  undercurrent  of  salt  water. 
Another  instance  of  such  an  under-current,  though  not  occasioned  by 
the  presence  of  a  river,  was  found  to  exist  in  a  marked  degree  at  the 
Cromarcy  Firth,  where  Mr.  Alan  Stevenson  found  (in  183J)  currents 
greatly  exceeding  the  surface-velocity.  It  must  be  remembered  that 
only  a  very  few  observed  velocities  are  given  on  the  chart,  and  that 
those  used  in  the  calculations  are  therefore  only  approximately  correct, 
or,  if  entirely  correct  in  some  cases,  are  not  known  to  be  so. 

In  the  absence  of  any  positive  proofs  of  the  existence  of  a  prolonga- 
tion of  the  flood  and  of  any  increased  undercurrents  not  shown  by  the 
adopted  formula,  it  is  thought  best  to  let  the  results  shown  in  the  table 
of  floods  in  Profile  I  stand  as  they  are,  and  consider  that  any  modifica- 
tion that  ought  to  apply  to  them  would  apply  in  equal  proportion  to  the 
other  profiles. 

PROFILE  n.— FLOOD. 

Volumes  per  second  in  ctibicfeet 


"No.  of  qaarter. 

Total 
volume. 

Between  18-foot  curves. 

Between  24-foot  curves. 

PlPSt 

S'HSODd 

49, 178 
161,509 
1M,463 

87.231J 
I'A  573 

43,450,  or  83.3  per  cent  of  whole 

137,980,  or  85.4  per  cent  of  whole 

103, 163,  or  83  per  cent  of  whole 

70,460.  or  80.8  per  cent  of  whole 

101,450,  or  83. 1  per  cent  of  whole 

38.890,  or  79  per  cent  of  whole. 
131.450,  or  75.3  per  cent  of  whole. 
143,133,  or  73.8  per  cent  of  whole. 
61,614,  or  70.6  per  cent  of  whole. 
91,333,  or  73  8  per  cent  of  whoiew 

Third 

Fourth ........... 

Average 

By  comparing  this  table  with  that  of  Profile  I,  it  is  seen  that  62  per 
cent,  of  the  whole  volume  passing  Profile  I  at  theflx>od  flows  through  Pro- 
file II,  including  Kiugsley's  Bank.  Consequently  38  per  cent,j  or  an  aver- 
age of  75,992  cubic  feet  per  second^  of  the  flood-tide  enters  between  the  Pro- 
files I  and  II,  in  a  southerly  atid  southwesterly  directiony  through  Cum- 
berland Channel  and  across  Pelican  and  other  slwals.  It  has  also  been 
shown  that  over  precisely  the  same  route  2^  per  cent  of  the  ebbtide^  or  an 
average  of  (53,218  cubic  feet  per  second^  escapes  to  the  norths  which  indi- 
cates that  the  volume  of  flood  exceeds  the  volume  of  ebb  passing  over 
this  northern  portion  of  the  main  bar  by  about  12  per  cent.  The 
effect  is  to  make  the  inner  slope  of  this  part  of  the  bar  very  steep ; 
the  sand  which  is  rolled  along  by  the  flood  current  on  the  bottom  of  the 
outer  slope  is  first  brought  to  rest  in  the  deep  water  of  the  inner  basin. 
The  ensuing ebbcurreut,  which  receives  its  velocity  and  direction  from 
the  large  volume  of  Cumberland  Sound,  sweeps  the  inner  slope  of  the 
northern  shoals  longitudinally,  and  takes  up  this  sand  and  carries  it  oat 
by  the  Amelia  Basin,  depositing  it  upon  the  main  bar.  The  channel 
next  to  Cumberland  Island  is  therefore  a  flood-tide  channel,  like  the 
Sullivan's  Island  or  Beach  Channel,  in  Charleston  Harbor.  They  both 
possess  in  a  marked  degree  the  steep  inner  slope  which  invariably 
characterizes  a  channel  maintained  by  the  flood- tide,  which,  having 
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once  passed  in,  is  so  mnch  diverted  in  its  direction  on  the  ebb  by  the 
axial  line  of  the  tidal  basin  that  it  cannot  flow  out  in  full  volame 
through  the  same  opening,  bat  sweeps  past  its  mouth  in  its  passage  to 
some  more  direct  outlet. 

In  both  profiles  the  proportion  of  water  taking  the  deep-water  chan- 
nel decreases  as  the  tides  rises,  showing  that  the  guiding  influence  of  the 
shoals  is  less  felt  as  they  grow  more  deeply  immersed. 

PROFILE  III. — FLOOD. 

Volumes  per  eeoond  in  cubic  feet. 


Nnmber  of  quarter. 

Total 
Tolnme. 

In  main  channel. 

In  deep-water  pocket. 

First 

54,150 
145, 6i<9 
157, 159 

65.147 
105,5sll 

15,0919,  or  abont  28  Dor  cent 

12,704,  or  33.4  per  cent 
33,714,  or  23  per  cent 
35,770,  or  82.8  per  eent 
15,864.  or  24  per  cent. 
34,513,  or  33.3  per  cent. 

Second 

38.853,  or  abont  36.6  pnr  cent 

Third 

40,488.  or  abont  25.8  oercent 

FoDitb 

17,607,  or  abont  37  per  cent 

20.009.  or  about  36.5  ner  cent 

Ayenige 

Comparing  Profile  III  with  Profile  I,  it  is  found  that  only  52,1  per  cent 
of  the  total  volume  entering  through  Profile  I  passes  through  Profile  III; 
therefore,  A1.3per  cent,  ofitflotcs  in  a^n'oss  the  shoals  of  the  north  breakers 
and  Cumberland  Channel, 

But  we  have  already  seen  that  3d  per  cent,  of  the  total  flow  passes  in 
between  Cumberland  Island  and  Profile  11,  so  that  only  9.3  per  cent, 
passes  between  Profile  II  and  Profile  III.  By  observing  the  length 
of  this  shoal  it  will  be  seen  that  less  water  passes  in  between  Profiles 
II  and  III  than  over  an  equal  length  of  shoal-line  nearer  to  Cumberland 
Point,  a  result  which  agrees  with  the  previous  deduction,  that  Cumber- 
land Channel  is  mainly  due  to  the  flood-current. 

An  attempt  has  been  made  to  represent  graphically,  in  Plate  I,  the 
distribution  of  the  flood-tide,  based  on  the  calculated  volumes  of  the 
different  compartments  or  Profiles  I,  II,  and  III,  as  well  as  of  two  inter- 
mediate profiles  not  represented,  and  on  the  observed  directions  of  flood- 
tide  observations,  Nos.  2,  5,  7,  8,  and  10.  The  space  between  each  two 
adjoining  full  lines  represents  a  volume  of  10,000  cubic  feet  per  second 
of  flood-tide  water  flowing  t.oward  Cumberland  Sound. 

Plate  I  shows  the  probable  direction  of  the  threads  of  currents  of 
flood-tide,  and  the  distribution  of  its  average  volume,  or  a  mean  of  the 
volumes  of  inflow  per  second  during  the  four  quarters. 

THE  BAIN-FALL. 

The  Saint  Mary's  Biver  and  the  other  tributaries  to  Fernandina  Har- 
bor drain  an  area  of  about  1,700  square  miles. 

The  average  rain-fall  in  that  locality  is  assumed  to  be  50  inches  per 
annum,  or  .137  inch,  =  .0114  foot  per  day.  Allowing  -^^  for  evapora- 
tion, soakage,  and  other  losses,  there  remains  .00557  fooD  daily.  This 
amounts  to  a  volume  of  155,280  cubic  feet  per  day  for  each  square  mile, 
which  flows  out  in  not  quite  two  ebb-tides;  equal  to  a  discharge  of 
about  6,050  cubic  feet  per  second.  Adding  this  quantity  to  202,061 
cubic  feet,  the  estimated  volume  of  storednp  flood-water  between  the 
levels  of  ordinary  high  and  low  water,  we  get  an  average  of  208,111 
cubic  feet  which  should  go  out  during  each  second  of  ebbtide.  The 
calculated  amount  of  ebb  was  found  to  be  226,754  cubic  feet  per  second ; 
an  excess  of  only  a  little  over  9  per  cent.  But  it  can  easily  be  shown 
that  this  difference  must  be  very  variable,  and  that  the  excess  may  be 
occasionally  on  the  other  side.  Allowing  1  inch  rain-fall  in  one  day, 
(which  is  not  excessive  for  a  heavy  rain-storm,  even  allowing  for  losses,) 
vre  obtain  a  discharge,  by  land-water  alone,  equal  to  87,720  cubic  feet 
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per  secoud,  on  the  basis  of  an  average  length  of  flow  in  the  river  of  50 
miles,  (one  hundred  miles  being  the  whole  length  of  the  river,)  with  a 
mean  velocity  of  two  miles  per  hour.  This  would  entirely  reverse  the 
relation,  giving  for  the  actual  outflow  during  ebbtide  »  volume  of  28 
per  cent,  larger  than  the  amount  given  in  the  table  headed  "Profile  I, 
Ebb."  It  would  show  that,  in  order  to  obtain  anything  like  a  correct 
idea  of  the  average  volume  passing  out  at  ebb-tide,  we  should  know, 
besides  the  soundings  and  the  few  ebb-current  observations  given  on 
the  Coast  Survey  chart,  whether  the  river  was  at  its  average  stage  or 
was  under  the  influence  of  freshets,  or  the  reverse. 

Indeed,  we  should  have  in  our  possession  or  within  our  reach  some 
method  of  making  a  proper  allowance  for  abnormal  conditions  of  the 
stream  due  to  variations  in  the  amount  of  rain-fall.  With  such  a  vast 
addition  of  laud-water  after  heavy  raiu-storros,  (he  ebbtide  increases 
largely  in  volume  and  momentum,  so  that,  with  a  concurrence  of  spring- 
tides, strong  westerly  winds,  and  heavy  rain-falls,  the  eastern  deep-water 
pockets  would  be  pushed  still  further  out  into  the  inner  slope  of  the 
bar,  the  bar-channel  would  be  deepened  by  scouring,  and  the  bar  itself, 
at  the  debouchure  of  the  principal  channel,  would  be  extended  into  the 
sea  and  assume  a  more  salient  curve.  A  similar  efiect  on  the  bar-chan- 
nel and  on  the  bar  itself  in  the  vicinity  of  its  outlet  into  deep  water 
would  be  the  result  of  confining  the  ordinary  or  average  ebb-tide 
between  guiding  jetties  that  would  not  exclude  the  flood,  so  that  on  the 
ebb  it  would  impinge  upon  the  bar  in  a  volume  of  diminished  width  and 
increased  depth,  and  therefore  with  increased  velocity ;  that  is,  the  ex- 
isting channel  would  be  deepened  and  the  existing  bar  be  moved  out  sea- 
ward, by  moving  out  the  scene  of  conflict  between  the  waves  and  tides, 
to  which  the  bar  owes  not  only  its  existence  but  its  fluctuating  and  ever- 
changing  character.  If  to  this  supposed  condition  of  completed  jetties 
we  superadd  the  hypothesis  of  a  prolonged  season  of  quiet  sea,  with  its 
twice  daily  ebb  and  flow  entirely  undisturbed  by  wave-producing 
winds,  the  bar  would  soon  assume  a  condition  of  stability,  with  a  per- 
manent channel  across  it,  exterior  to  the  heads  of  the  jetties,  of  a  cer- 
tain depth  and  width,  corresponding  to  the  distance  between  the  heads 
of  the  jetties  and  their  position  with  respect  to  the  crest  of  the  original 
bar.  The  practical  dimensions  which  this  exterior  channel  would  as- 
sume— that  is,  its  length,  breadth,  and  least  mid-channel  depth — cannot 
be  predicted  with  any  close  approximation  to  accuracy,  even  under  the 
assumption  that  all  winds  and  waves  are  for  a  time  held  in  abeyance  in 
its  favor.  The  most  that  can  be  said  is  that  under  these  impossible 
conditions  a  deep  and  stable  channel  would  doubtless  be  secured,  for 
the  suflicient  reason  that  the  action  of  the  principal  natural  agencies 
which  prevent  the  maintenance  of  channels  at  the  mouths  of  tidal  har- 
bors, and  even  destroy  them  when  formed  artificially,  is  supposed  to  be 
suspended,  and  in  addition  to  this  we,  by  artificial  means,  place  the 
outflowing  water  under  the  most  favorable  conditions  for  scouring  out 
a  channel  in  a  bar  already  existing.  Indeed,  were  there  no  winds  and 
waves,  there  would  doubtless  be  a  good  bar-channel  at  Feruandina 
Harbor  without  resorting  to  jetties. 

In  dealing  with  the  question  as  it  exists,  however,  without  excluding 
the  effects  of  winds  and  waves,  it  presents  itself  under  an  entirely  dif- 
ferent aspect,  and  is  full  of  perplexing  difficulties,  which  elude  not  only 
the  analogies  of  experience,  but  all  the  known  methods  of  research  by 
formulae. 

Mr.  Thomas  Stevenson  says : 

The  preservation  of  the  depth  of  harbors  at  a  level  lower  than  that  of  the  original 
bottom  involves  both  uncertainty  and  expense.    Where  the  deposit  is  confined  to  the 
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space  between  hi^b  and  low  water  marks,  tbe  scouring  by  means  of  salt  or  fresb 
water  is  comparatively  easy;  but  where  it  forms  a  bar  oat-side  of  the  entrance,  the 
possibility  of  maintaining  permanently  a  greater  depth  becomes  very  donbtful.  The 
efficacy  of  tbe  scour,  so  long  as  it  is  not  impeded  by  enlargements  of  the  channel  may 
be  kept  up  for  a  great  distance,  but  it  soon  comes  to  an  end  after  it  meets  the  sea. 

The  only  available  force  which  can  to  any  extent  be  brought  under 
control  to  promote  the  object  in  view  of  deepening  the  bar-channel  is 
the  abrading  or  scouring  powef  of  the  currents,  and  it  is  the  excess  of 
the  scouriugpower  of  the  ebb  over  that  of  the  flood  currents  which 
gives  value  to  this  agent. 

This  excess  is  due  to  two  causes,  viz : 

1.  To  the  rain-fall  of  the  natural  drainage-area  of  the  tidal  basin, 
which  in  the  case  of  Fernandina  Harbor  is  equivalent  to  IJOO  square 
miles. 

2.  To  the  volume  of  water  carried  in  over  the  bar  at  or  near  the  sur- 
face by  waves  of  translation,  which  afterward  forms  a  part  of  the  gen- 
eral outflow.  High  jetties,  or  those  which  rise  above  the  level  of  high- 
water,  will  cut  off  all  supply  from  this  source,  except  what  little  is 
carried  in  between  them. 

JETTIES. 

1.  Full-height  jetties,  extending  across  the  bar. 

2.  Full-height  jetties,  reaching  to  the  crest  of  the  bar. 

3.  Stump-jetties,  about  one  mile  long  each. 

4.  Full-length  drowned  jetties. 

5.  Full-length  drowned  north  jetty  and  full-height  south  jetty. 

I. — Full-heigkt  jetties  extending  across  the  bar. 

As  already  stated,  the  effects  that  will  be  produced  by  jetties  upon 
the  entrance  to  a  tidal  harbor  cannot  be  ascertained  in  advance  of  their 
construction  by  any  known  method  with  any  close  approximation  to 
certainty.  The  formulje  given  by  the  highest  theoretical  authorities 
in  hydrodynamics,  by  Proy,  D'Aubuisson,  Eytelweir,  Eankin,  Weis- 
bach,  and  others,  concerning  the  discharge  of  water-courses,  are  based 
on  observations  of  small  channels  of  regular  cross-section.  An  attempt 
to  take  account  of  the  effects  of  irregularities  in  the  cross  section  on 
the  volume  and  method  of  discharge  leads  to  most  complicated  forms  of 
equations,  with  no  guarantee  that  the  final  result  of  the  calculation  can 
be  relied  on  as  approximately  accurate.  In  the  improvement  of  a  harbor 
several  elements  have  to  be  considered,  which  it  would  be  simply  impos- 
sible to  express  and  incorporate  in  a  comprehensive  formula.  Each  har- 
bor has  to  be  studied  for  itself.  From  the  observed  phenomena  peculiar 
to  it,  such  as  dominating  winds ;  the  direction  and  strength  of  ebb  and 
flood  littoral  currents;  the  direction  and  action  of  the  waves;  the  in- 
fluence of  fresh-water  rivers,  if  such  empty  into  the  bay,  at  their  various 
stages  of  level ;  the  formation  of  the  bar  and  the  character  of  the  ma- 
terials composing  it;  the  trend  of  the  coast,  &c.,  conclusions  have  to 
be  drawn  with  regard  to  the  position,  direction,  length,  and  distance 
apart  of  the  jetties,  which  cannot  be  other  than  largely  problematical. 

^^ There  are  few  maritime  constructions,"  says  M.  Minard,  in  his  work 
on  harbor-constructions,  'Mess  susceptible  of  general  rules  and  more 
dependent  on  local  influences  than  jetties."  He  might  have  added  that 
we  are  as  yet  unable  to  deal  with  these  local  influences  with  much  con- 
fidence or  satisfaction. 

This  being  the  first  time  that  the  entrance  of  Cumberland  Sound  has 
been  made  a  subject  of  study  with  a  view  to  its  improvement  by  jetties, 
reliance  must  be  had  chiefly  on  the  deductions  that  can  be  made  from 
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the  observations  of  the  distribution  of  the  waters  of  ebb  and  flood  tide 
through  Amelia  Basin  and  over  the  bar,  and  from  the  history  of  the  bar 
and  its  sbip-channel,  as  contained  in  the  charts  of  surveys  made  since 
1843.  These  charts  and  the  changes  which  they  record  have  already 
been  briefly  discussed. 

If  the  jetties  be  supposed  to  be  full-height,  reaching  from  the  shore 
on  either  side,  their  first  effects  will  be  the  same  in  character,  though 
not  in  degree,  with  respect  to  their  practical  value,  whether  their  heads 
rest  in  shoal  water  on  the  crest  of  the  bar  or  extend  into  greater  depths 
beyond.  In  either  case  the  width  between  the  jetties  may  be  so  adjusted 
that  the  scour  will  produce  a  temporary  channel  as  far  out  as  the  jetty- 
heads,  and  somewhat  farther,  of  sufficient  depth  for  all  practical  pur- 
poses. 

Let  us  first  suppose  that  the  jetties  reach  across  the  bar,  as  shown  by 
the  lines  A  B  J  and  C  D  M,  Plate  11.  In  Profile  I,  where  the  whole 
amoutit  of  ebb  and  flood  passes,  we  And  a  total  width  of  cross-section  at 
mean  low- water  of  5,720  feet,  with  an  average  depth  of  21.33  feet.  This 
means,  of  course,  that  if  the  cross-section  had  a  rectangular  form  it  would 
measure  5,720  feet  by  21.33  feet.  The  deep-water  portion  of  this  profile, 
between  the  24  foot  depths  north  and  south,  has  a  width  of  2,100  feet, 
the  depth  ranging  from  24  feet  to  48  feet,  corresponding  to  a  mean  low- 
water  depth  of  36  feet.  We  may  conclude,  then,  that  if  the  jetties  have 
the  same  width  of  5,720  feet  between  them,  similar  results  wilF  be  ob- 
tained, provided  the  same  volume  of  flood  can  be  collected  as  now.  If 
it  were  possible  to  drop  the  full-height  jetties  down  in  place,  ready 
made,  at  high-water  slack,  of  course  the  ebb-current  would  be  compelled 
to  pass  out  between  the  heads  of  jetties,  and  a  violent  scour  would  be 
produced.  Indeed,  we  can  imagine  a  bar  composed  of  materials  so  sofc 
and  light  that  the  scour  of  a  single  ebb-tide  would  produce  a  water-way 
through  it  of  equivalent  area  to  that  of  Profile  I.  Such  would  probably 
not  be  the  result,  however,  in  the  case  under  consideration.  The 
diminished  discharge  caused  by  the  bar,  contracted  by  the  jetties  to  a 
length  along  its  crest  of  only  5,720  feet,  would  prevent  the  lowering  of 
the  inner  reservoir  as  rapidly  as  the  tide  fell  on  the  outside.  A  bank- 
ing up  of  water  would  therefore  be  the  result  between  the  jetties  inside 
the  bar,  producing  for  a  time  a  violent  outgoing  current  and  scour, 
which  would  continue  with  diminishing  force  during  the  period  of  slack- 
water,  ebb,  and  longer.  At  a  certain  stage  of  the  ensuing  flood  the 
water  inside  and  outside  would  be  brought  to  the  same  level,  and  all 
outflow  would  cease  before  the  tidal  basin  had  been  lowered  to  low- 
water  level.  At  a  later  period  of  the  same  flood  there  would  be  a  bank- 
ing up  of  water  outside  the  jetties,  and  an  inward  scour  would  take 
place,  and  continue  until  the  waters  inside  and  outside  again  attained 
the  same  level.  In  this  manner,  by  a  Succession  of  inward  and  outward 
scours,  the  existing  bar  between  the  jetties  would  be  removed  by  the 
formation  of  a  water-way  through  it  of  equivalent  section  to  Profile  I. 
A  portion  of  the  eroded  material  will  pass  inward,  but  a  greater  portion 
outward,  because  the  volume  of  the  ebb  is  greater  than  that  of  the 
flood  by  the  amount  of  rain-fall  and  land-drainage  received  by  the  inner 
basin,  and  because  the  first  scour  was  supposed  to  be  outward  and  due 
to  a  full  inner  basin. 

If,  on  the  contrary,  the  full-height  jetties  be  supposed  to  be  suddenly 
set  in  place  at  the  time  of  low- water  slack,  there  would  be  a  banking 
up  of  water  outside  on  the  ensuing  flood,  and  the  first  scour  would  be 
inward.  But  the  same  result  would  doubtless  be  reached  in  about  tie 
same  length  of  time  as  under  the  former  supposition,  and  Profile  I  or  its 
equivalent  would  be  continued  out  to  the  heads  of  the  jetties. 
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Although  ia  practice  the  jetties  would,  in  their  construction,  rise 
gradually  from  their  foundations,  and  increase  gradually  in  length,  the 
ultimate  results  brought  about  by  their  agency,  when  they  sliall  cease 
to  be  the  direct  cause  of  further  progressive  changes,  will  be  essentially 
the  same  as  in  either  of  the  hypothetical  cases  just  mentioned  ;  that  is, 
we  shall  have  all  the  way  from  Profile  I  to  near  the  heads  of  the  jetties 
a  water-way  of  about  the  same  sectional  area  as  that  profile. 

After  this  the  tides  will  ebb  and  flow  through  the^ water- way  between 
the  jetties  without  causing  any  greater  changes,  probably,  than  have 
taken  place  during  the  thirty  years  in  the  channel  between  Cumberland 
and  Amelia  Islands.  But  outside  the  jetties  certain  important  changes 
will  also  be  in  operation.  All  the  material  eroded  from  the  bar  that 
cannot  remain  inside  without  contracting  the  inner  water-way  below 
the  area  of  Profile  I  must  finally  pass  out  and  come  to  rest  in  the  deep 
water  on  the  outer  slope  of  the  bar.  The  first  result  will  therefore  be  a 
deeper  channel  of  entrance. 

The  littoral  ocean-current  of  flood-tide,  running  in  a  northerly 
direction,  will  form  eddies  in  the  exterior  angle  between  each  jetty  and 
the  shore  to  which  it  is  attached.  (Figure  1,  Plate  III.)  Shoaling  in 
these  angles  will  therefore  take  place  from  this  cause,  but  principally 
from  drift-sand  brought  in  by  waves.  Northeasterly  and  easterly 
storms  will  gradually  fill  in  the  angle  north  of  the  north  jetty,  and 
southeasterly  storms  that  south  of  the  south  jetty.  Eddying  waters 
will  also  be  caused  in  both  of  these  angles  by  the  southerly  littoral 
current  of  ebb-tides.  (Figure  2,  Plate  Hi.)  The  direction  of  this  cur- 
rent is  about  southeast  by  south,  and  its  action  upon  the  water  in  the 
angle  south  of  the  south  jetty  will  be  to  draw  it  out  and  lower  its  level, 
while  the  water  issuing  from  between  the  jetties,  being  at  once  deflectecl 
in  a  southerly  direction,  will  form  eddies  therein  and  cause  shoaling  by 
deposits.  This  action  might  be  obviated,  but  without  any  modification 
of  the  final  result,  by  locating  the  shore  end  of  the  Amelia  Island  jetty 
more  to  the  southward,  without  changing  its  head ;  that  is,  by  placing 
the  dead-angle  inside  the  jetty,  as  shown  in  Figure  2,  Plate  III.  But 
whatever  location  might  be  given  to  the  jetties,  and  whatever  might  be 
their  length,  the  inevitable  consequence  would  be  that  the  exterior 
angles  would  fill  in  with  sand,  and  the  shore-lines  would  be  extended 
seaward  to  points  near  their  outer  extremities,  giving  an  increased  width 
to  both  Amelia  and  Cumberland  islands  for  considerable  distances  from 
the  outlet,  north  and  south.  After  this  stage  was  reached,  the  drift 
produced  by  waves  striking  the  shore  obliquely,  instead  of  accumulating 
in  the  angles  already  filled  up  outside  the  jetties,  would  be  carried 
around  their  ends  and  dropped  in  the  channel,  to  be  subsequently 
moved  out  by  the  ebb-current  from  the  harbor  and  deposited  in  the 
deeper  waters  beyond  the  present  bar,  at  some  point  where  the  velocity 
of  the  outgoing  currents  would  be  so  far  diminished  by  dispersion  and 
by  resistance  from  the  sea  that  it  could  not  transport  it  farther.  In 
this  manner  a  new  bar  would  be  formed  exterior  to  the  present  one. 
In  other  words,  the  present  bar  would  be  gradually  extended  into  the 
ocean,  and  there  seems  no  reason  to  doubt  that  the  channel  across  it 
would  be  subjected  to  the  same  incessant  changes  in  depth,  location, 
and  direction,  from  the  action  of  winds,  waves,  and  currents,  that  char- 
acterize th6  present  bar-channel.  It  would  appear,  indeed,  that  by  arti- 
ficial works  we  have  simply  moved  the  natural  mouth  of  Cumberland 
Sound  from  Profile  I,  between  the  two  islands,  out  to  the  head  of  the 
jetties,  and  have,  therefore,  from  necessity,  established  the  requisite  con- 
ditions for  the  creation  of  a  new  bar,  which  shall  ultimately  bear  essen- 
tially the  same  relation  to  this  artificial  mouth  that  the  present  bar 
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bears  to  the  present  mouth  at  Profile  I.  It  is  impossible  to  foretell  the 
rate  at  which  this  prospective  bar  would  form.  It  would  be  unsafe  to 
reason  from  any  analogous  case,  if  such  existed.  We  are,  however,  de- 
prived of  even  this  kind  of  data.  I  know  of  no  attempt  to  improve  by 
jetties  the  bar-entrance  to  any  harbor  at  all  resembling  that  of  Fer- 
nandina  in  character,  location,  and  kind  and  degree  of  exposure.  If  the 
bar  was  caused  in  large  measure  by  a  delta-stream  like  the  Mississippi 
or  the  Khone,  and  had,  like  them,  been  the  object  of  numerous  and  care- 
ful observations,  extending  through  many  consecutive  years,  we  would 
be'able  to  form  something  like  a  rational  opinion  on  this  branch  of  the 
question.  What  we  know  is  that  the  agencies  which  formed  and  main- 
tain the  present  bar  will  possess  as  much  power  and  will  have  as  favor- 
able a  field  for  action  after  the  construction  of  the  jetties  as  before,  and 
that  their  construction  supplies  all  the  requisite  conditions  for  the  crea- 
tion and  maintenance  of  a  new  bar,  having  its  crest  nearly,  if  not  quite, 
as  far  beyond  the  heads  of  the  jetties  as  the  latter  are  beyond  the  nat- 
ural mouth  of  Cumberland  Sound,  between  the  points  of  the  islands.  I 
say  nearly y  if  not  quite^  as  far ^  because  it  seems  probable  that  the  new  bar 
would  present  such  a  salient  curve  to  the  a.ction  of  the  littoral  ebb  and 
flood  currents  of  the  ocean,  and  of  waves  striking  it  obliquely,  that  its 
outer  slope  would  be  eroded,  and  the  materials  carried  above  and  below 
the  outlet  in  a  greater  degree  than  the  corresponding  portion  of  the 
present  bar  is  affected  by  the  same  causes. 

2. — Full-height  jetties  reaching  to  the  crest  of  the  bar. 

This  question  will  be  considered  a  little  more  in  detail,  on  the  assump- 
tion that  the  heads  of  the  jetties  are  three-fourths  of  a  mile  apart  and 
rest  on  the  crest  of  the  bar,  as  shown  at  A  B  and  0  D,  Plate  II.  For 
purposes  of  discussion,  it  will  be  supposed  that  the  jetties  are  suddenly 
placed  in  position  at  the  slack-water  of  flood,  and  that  the  entire  volume 
in  the  reservoir  between  high  and  low  water  levels  passes  out  at  the 
ensuing  ebb-tibe. 

Profile  ly,  taken  on  the  line  B  D — that  is,  between  heads  of  jetties — 
contains  48,158  square  feet  at  low-water^  with  an  average  low-water 
depth  of  12.16  feet.  Through  this  profile  a  volume  must  pass  during 
the  first  quarter  ebb  equal  to  152,708  cubic  feet.  At  profile  I  this 
volume  passes  through  a  cross-section  of  155,754  square  feet,  with  a 
mean  depth  of  26.13  and  an  average  velocity  of  .98  foot  per  second. 
From  the  detailed  calculations  the  two  following  tables  of  comparison 
are  made  of  Profiles  I  and  IV,  the  latter  being  between  the  ends  of  the 
jetties. 

TABLE  A.— PROFILE  I,  EBB. 


Namber  of  quarter. 


First.. 
Second 
Third.. 
Fourth 


Mean  area. 


Square  feet 
155,  754 
146,  872 
138.  S28 
139.428 


HydrofH'aphic 
mean  depth. 


Feet 
26.13 
84.92 
23.77 
22.50 


Mean  velocity 
per  second. 


Feet 

.98 
2.2 
2.2 

.98 


Mean  volume 
per  second. 


Cubic  fe€U 
152,  708 
323. 062 
304.656 
126,5^9 


Mean  depth  of  whole  profile  at  low- water  =  21.33  feet. 
Width  of  profile  at  low- water  =  5,270  feet. 

Mean  depth  at  low- water,  in  deep  portion  of  profile,  i.  e.^  between  24'  lines,  =  36  feet. 
Width  of  deep  portions  between  24'  lines  =  2,100  feet. 
Proportion  of  general  mean  depth  (2l'.33)  to  mean  depth  in  deep  ohannel  (36^ 
=  1 : 1.7. 
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TABLE  B.—PROFILE  IV,  EBB.     {See  Plate  TIL) 
[It  is  aiMoiDed  that  the  Mine  rolnroes  per  second  and  per  qaarter  pass  this  profile  as  at  Profile  I.] 


l^amber  of  quarter. 


First... 
Second. 
Third.. 
Tonrth. 


Moan  area. 


Square  feet 
6d,948 
63,008 
57,018 
51, 128 


Me.n  aepth.    ^  ^^^V^^' 


Mean  vol  am  e 
per  second. 


Feet 
17.2.3 
15.75 
14.25 
12.78 


Feet 
2.22 
5.13 
5.34 
2.48 


Oubie/eet 
152,  7ii8 
323, 062 
304,656 
126,589 


Width  of  profile  between  jet  ties  =3,960. 
Mean  depth  of  profile  =^  12M6  at  low-water. 

The  mean  velocities  found  in  the  Table  B,  redaced  to  bottom-depths 
in  the  nsual  way,  will  be :  1.67  feet,  3.85  feet,  4  feet,  and  1.86  feet  for  the 
four  qnarters,  respectively.  According  to  Du  Buat,  a  current-velocity 
close  to  the  bed  of  2^  feet  per  second  will  move  gravel  1  inch  in  diam- 
eter, while  a  velocity  of  3J  feet  will  move  pebbles  IJ  inches  in  diameter. 
The  bar  being  composed,  as  the  Coast  Survey  chart  informs  us,  of  grav- 
elly sand  and  broken  shells,  it  follows  that  the  space  between  the  jetties 
would  be  rapidly  deepened  by  the  scour.  The  large  increase  of  velocity 
in  this  profile  can,  of  course,  be  obtained  only  by  an  additional  head ; 
that  is,  by  a  banking  up  of  water  back  of  the  profile.  It  may  be  inter- 
esting to  estimate,  approximately,  how  much  this  banking  up  will  amount 
to  in  the  case  under  consideration. 

If  w^  call  h  the  head,  (height  wof  fall  necessary  to  produce  a  certain 
velocity,  Vy)  we  have 


v^  v^ 


64.4       6.02(>^ 


(1) 


This,  however,  is  a  theoretical  value,  allowing  nothing  for  loss  of  head  by 

friction.    According  to  Eytelweir,  the  factor ,-- ^  should  be  increased 

'  '  8.02O 

to     r-.  in  cases  where  the  stream  is  suddenly  narrowed  by  bridge-piers, 
groyne,  &c.    Value  h  will  then  be 


A  = 


v" 


6.86«      47.07 


(2) 


If  the  area  of  an  average  profile  above  the  contraction  by  the  jetties  be 
called  A,  with  a  mean  velocity  v  and  a  volume  per  second  =  Q ;  then 


Q  =  A  X  V 


(3) 


The  same  volume  Q  has  to  pass  the  area  a  of  the  contracted  profile  be- 
tween the  jetty-heads  with  a  velocity  t?i;  therefore, 


Q  =  a  X  Vi 
and  substituting  .this  value  of  Q  in  (3), 


Av  =  a  X  t?i ;  vi  =  ~-xv 


(*) 


requiring  a  head  = 


i?»        A» 
47.07  ^  a? 


(5) 
(6) 
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Bat  the  water,  when  arriving,  has  already  a  velocity  r,  to  which  a  head 
corresponds  =----—;  the  actual  extra  head  or  banking  up  required  to 

produce  the  increased  velocity  Vi  will  be,  therefore, 

all  expressed  in  feet. 

The  application  of  this  formula  would  be  very  simple  if  there  existed 
above  the  profile  between  the  ends  of  the  jetties  something  like  a  regu- 
lar water-course  between  nearly  parallel  banks  and  nearly  unchanging 
cross-section.  As  it  is,  Profile  I  is  used,  assuming  that  the  general 
average  of  profiles  between  I  and  IV  nearly  corresponds  to  it.  We  ob- 
tain the  following  results : 

Additional  banking  np,  back  of  Profile  IV  =  1  inch,  Ist  quarter. 
Additional  banking  up,  back  of  Profile  iy  =  5.47  inches,  2d  quarter. 
Additional  banking  up,  back  of  Profile  IV  =  6  inches,  3d  quarter. 
Additional  banking  up,  back  of  Profile  IV  =  1.32  inches,  4th  quarter. 

This  additional  rise  will  not  appear  entirely  and  immediately  in  rear 
of  Profile  IV,  as  would  be  the  case  if  there  was  a  sudden  contraction,  as 
in  the  case  of  a  river  narrowed  by  the  piers  of  a  bridge,  especially  with 
the  abutments  reaching  far  into  the  river.  Owing  to  the  funnel-shaped 
direction  of  the  jetties,  the  contraction  is  gradual,  and  the  head  will  be 
more  or  less  distributed.  Now,  if  theve  were  a  uniform  flow  and  dis- 
charge of  water  from  a  reservoir  which  receives  as  much  per  second  as 
it  discharges,  this  head  would  produce  no  other  change  than  a  decreased 
velocity  in  the  portions  of  the  water-course  immediately  above  the  con- 
traction, compensated  by  the  increased  hydraulic  mean  depth  caused  by 
the  banking  up.  Nothing  will  be  changed  in  the  volume  discharged  per 
second.  But  it  will  be  different  in  the  present  case.  The  reservoir 
(Cumberland  Sound,  &c.)  is  steadily  drained  during  the  ebbtide,  with 
nothing  to  supply  the  loss  except  Saint  Mary's  River,  &c.,  which  during 
a  great  portion  of  the  year  will  not  add  much  to  it.  The  rising  of  the 
water  between  the  jetties  to  force  a  passage  will,  b^'  occasioning  a  more 
gentle  declivity  up-stream  ward,  cause  a  general  diminution  of  velocity, 
most  sensible  in  the  second  and  third  quarter  ebb,  where  the  water  is 
banked  up  highest,  and  the  consequence  will  most  probably  be  a  retar- 
dation in  the  outflow  of  the  ebb.  It  would  be  of  little  use,  however,  to 
attempt  a  calculation  of  the  length  of  this  retardation,  because  the 
X)eriod  will  be  continually  modified  by  the  incessant  scouring  of  the  bed 
between  the  jetties,  until  it  has  acquired  a  condition  of  comparative 
stability.  A  condition  of  stability  can  be  supposed  to  exist  in  Profile  I, 
where  no  material  changes  appear  to  have  occurred  since  1843.  What- 
ever material  may  be  there  deposited  is  carried  oil' again  by  the  ebbtide. 
If,  by  means  of  jetties,  the  whole  volume  flowing  through  Profile  I  is 
made  to  pass  Profile  lY,  there  is  reason  to  expect  similar  results,  after 
the  scouring  has  produced  such  depths  that  the  mean  velocities  with 
which  the  water  passes  are  about  the  same  as  at  Profile  I,  and  Profile  IV 
will  then  have  attained  its  normal  condition  of  stability.  In  attempting 
to  estimate  what  depths  will  probably  be  found  in  Profile  lY  after  the 
state  of  stability  bas  been  reached,  it  may  be  safer  to  assume  that  the 
velocities  required  to  keep  the  channel  free,  and  to  sweep  oH'  the  deposits 
as  fast  as  they  settle,  should  be  somewhat  larger  than  at  Profile  I,  ow- 
ing to  the  more  exposed  position  of  Profile  lY.    In  the  following  table 
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the  calculations  are  based  on  the  assumption  that  the  bed  will  have 
reached  its  stability  when  the  mean  velocities  are  still  about  10  per  cent, 
higher  than  at  Profile  I. 

TABLE  C— PROiaLB  IV,  EBB. 


Namber  of  quarter. 


Meau  area. 


First  .. 
Second . 
Third . . 
Fourth. 


SqxMTt  /mL 
140, 100 
l.M,  160 
128,920 
122,280 


Hydranlic 
mean  depth. 


Feet 
35.25 
33.  75 
32.25 
30.75 


MeaD  velocity 
per  aeoond. 


Feet. 
1.09 
2.42 
2.39 
1.04 


Mean  volume 
per  second. 


OuJbiefuL 
158, 708 
323,062 
304,656 
126,589 


Meau  depth  at  low  water,  30  feet. 

Area  of  cross-section  at  low-water,  118,650  square  feet. 

From  the  above  depths  and  velocities,  representing  the  state  of  stability 
at  Profile  IV,  certain  conclusions  may  be  drawn  by  referring  to  Profile  I. 
In  that  profile  the  proportion  of  general  mean  depth  to  the  mean  depth  in 
the  central  portions  of  the  water-way  is  as  21.33  feet  to  36  feet,  or  as  1:1.7. 
The  width  of  the  deepest  portion  is  2,100  feet  between  24-foot  curves,  or 
over  one-third  of  the  whole  width.  If  similar  proportions  obtain  at 
Profile  IV,  where  the  average  low- water  depth  is,  or  will  be,  33.75  feet, 
then  the  central  portion  of  its  water-way  will  have  a  hydraulic  mean 
depth  of  30  feet  x  1.7  =  51  feet,  which  implies  maximum  depths  at  cer- 
tain points  where  the  current  is  strongest  of  from  60  feet  to  70  feet. 
These  great  depths  will  rapidly  decrease  after  the  water  has  passed  be- 
yond the  heads  of  the  jetties,  by  spreading  out  on  the  bar.  The  longi- 
tudinal profile  of  the  deep-water-current  bed  from  the  jetties  seaward 
will  have  the  form  of  an  irregularly-ascending  plane  or  slope.  From 
its  highest  ridge  there  will  be  a  reverse  slope  merging  into  the  bed  of 
the  ocean.  The  question  is  whether  the  water,  having  left  the  jetties, 
will  preserve  enough  strength  of  current  to  keep  down  that  high  ridge, 
with  a  proper  width,  to  a  depth  suflficient  for  purposes  of  navigation. 
We  know  that  the  greater  the  velocity  with  which  water  leaves  a  con- 
dait  the  smaller  will  be  the  divergence  of  its  current- threads,  and  also 
that  the  greater  the  resistance  of  the  medium  through  which  the  water 
flows  and  the  friction  of  the  bed,  the  more  abrupt  will  be  the  lateral 
divergence.  No  rule  is  known  of  the  ratio  at  which  the  water  will  spread 
over  the  bar,  but  an  attempt  may  be  made  to  arrive  at  an  empirical 
solution  of  the  problem  by  reasoning  from  analogy. 

It  has  been  stated  that,  as  nearly  as  can  be  estimated  from,  approxi- 
mative calculations,  72  per  cent,  of  the  whole  volume  of  ebb-tide  passes 
at  the  present  time  through  Profile  11.  Out  of  this  amount  53.4  per  cent, 
of  the  entire  volume  flows  between  the  24foot  curves  of  the  same  profile 
in  a  width  of  1,406  feet.  This  53.4  per  cent.,  as  it  approaches  and 
flows  over  the  bar,  spreads  out,  as  shown  by  Figure  3,  Plate  111.  A 
computation  shows  that  south  of  this  53.4  percent,  of  Profile  11,  just 
spoken  of,  about  11.6  per  cent,  flows  over  Kingsle.v's  Bank.  This  11.6 
per  cent,  spreads  over  the  shoals  next  to  Amelia  Island.  We  find  this 
11.6  per  cent,  again  at  Profile  III,  where  it  occupies  a  larger  extent  on 
the  line  of  the  profile  than  at  Profile  II.  Laying  oft'  this  distance  on 
Profile  III,  we  find  next  through  what  extent  of  the  same  the  53.4  per 
cent,  of  the  deep-water  course  of  Profile  II  flows;  it  will  be  found  to 
occupy  a  length  of  8,250  feet  close  up  to  the  6  foot  curve  of  the  north 
breakers.  The  mean  distance  between  the  two  profiles  is  5,300  feet. 
(See  Figure  3,  Plate  III.) 
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Assatning  that  the  currents,  on  leaving  the  narrows  between  the 
jetties,  would  spread  similarly  to  those  passing  from  Profile  II  to  Profile 
III,  a  profile  taken  at  a  mean  distance  from  IV  of  2,960  feet  will  then 
pass  all  the  water  that  flows  through  the  latter,  provided  it  has  a  width 
of,  say,  8,000  feet.  This  profile  is  located  near  the  outer  18-foot  curve 
of  the  bar,  but  on  rather  shallow  shoals,  its  low-water  depths  ranging 
from  5J  to  lOJ  feet.  At  the  present  time  the  low- water  area  of  the  Pro- 
file V,  Plate  III,  is  63,800  square  feet,  with  a  mean  depth  of  8  feet  at 
low-water. 

The  same  velocities  that  are  supposed  to  correspond  to  a  condition  of 
stability  at  Profile  IV  will  be  assumed  to  produce  approximately  the 
same  result  at  Profile  V,  but  with  different  depths,  owing  to  the  expan- 
sion of  the  profile.  The  following  table  shows  the  calculated  results,  on 
the  basis  that  equal  bulks  of  water  pass  both  profiles  with  nearly  the 
same  velocities  per  quarter. 

TABLE  D.— PROFILE  v,  EBB.    (See  Plates  II  and  III.) 
On  oater  slope  of  bar,  near  18-foot  cnrve.    Width,  8,000  feet. 


Namber  of  quarter. 


First.. 
Second 
Third. 
Fourth 


Mean  area. 


Sqiiarefeet. 
149,  SiOO 
137, 200 
135,200 
113, 200 


Mean  depth. 


Feet. 
18.65 
17.15 
15.65 
14.1 


Mean  velocity 
per  second. 


Feet 
1.03 
2.35 
2.43 
1.10 


Mean  volume 
per  second. 


OubicfeeL 
152,708 
333,062 
304,656 
126,  S89 


Mean  depth  at  low- water  =  13.4  feet. 

!N"ow,  if  similar  relations  obtain,  as  in  Profile  I,  between  the  general 
mean  depth  and  the  mean  depth  in  the  deep-water  channel,  then  the 
mean  depth  in  the  middle  of  Profile  V  will  be  something  like  13.4  x  1.7= 
22.75  feet.  Since  this  profile  is  somewhat  back  of  the  outer  edge  of  the 
bar,  the  depths  would  probably  be  somewhat  less  at  the  imagined  mini- 
mum-depth profile  farther  out.  On  the  whole  it  would  seem  that,  con- 
ceding the  premises  upon  which  these  deductions  rest  to  be  tolerably 
correct,  the  herein-assumed  disposition  of  full-height  jetties  happens  to 
be  about  right  for  a  20-foot  mean  low- water  channel  on  the  bar  for  a  dis- 
tance of  2,960  feet  beyond  the  heads  of  the  jetties  at  B  D,  Plate  11. 

The  stability  of  the  northern  border  of  the  Amelia  basin  owes  its  ex- 
istence not  to  any  particular  compactness  of  the  shoals,  but  may  be 
regarded  as  the  result  of  an  equilibrium  of  forces.  The  ebb-current 
issuing  in  full  volume  through  Profile  I,  and  having  naturally  an  eastern 
direction  as  the  resultant  of  the  confluence  of  the  Cumberland  Sound 
and  the  Amelia  Eiver  currents,  has  evidently  the  requisite  power  to 
sweep  off  and  carry  out  about  as  fast  as  it  is  deposited,  all  the  drift-sand 
that  is  brought  in  across  the  bar.  When  it  has  passed  beyond  the  north- 
east point  of  Amelia  Island,  its  volume  expands  over  a  larger  area,  and 
its  scouring  action  on  the  south  slope  of  the  northern  shoals  diminishes, 
as  may  be  seen  by  their  more  southerly  trend  from  a  point  about  oppo- 
site the  northeast  point  of  the  island.  If,  therefore,  the  north  shore 
of  the  island  were  artificially  prolonged,  by  a  jetty  carried  across  the 
bar,  this  beneficial  guiding  action  would  be  continued  and  a  deep 
channel  would  be  cut  out  over  the  bar.  The  line  of  comparatively 
steep  slopes  of  the  north  shoals  would  then  produce  cross-sections  in 
the  outer  reaches,  with  depths  similar  to  those  now  existing  in  Amelia 
Basin. 
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The  foregoing  discassioa  would  appear  to  suggest  that  full-height 
jetties, extending  to  the  crest  of  the  present  bar,  and  placed  three-fourths 
of  a  mile  apart  at  their  heads,  would  create  and  keep  open  a  channel 
about  20  feet  deep  for  a  distance  of  nearly  3,000  feet  from  the  jetty- 
heads,  but  that  beyond  that  distance,  as  the  ebb-currents  would  have 
no  scouring  force,  shoaling  would  take  place,  from  any  and  all  of  the 
causes  that  have  operated  to  form  and  maintain  the  present  bar.  By 
assuming  a  less  width  than  three-fourths  of  a  mile  between  the  jetty- 
heads,  the  channel  between  would  be  deeper,  and  would  be  maintained 
for  a  great  distance  beyond.  The  danger  of  the  jetties  being  under- 
mined by  the  scour  would  be  proportionately  increased. 

It  must  not  be  assumed  that  this  channel  beyond  the  jetty-heads  will 
escape  any  of  the  vicissitudes  to  which  the  present  bar-channel  is  sub- 
jected. The  history  of  the  bar,  as  already  stated,  shows  that  the  main 
channel  constantly  moves  to  the  southward  ;  that  while  this  movement 
is  going  on  a  new  channel  is  being  formed  by  the  erosion  of  a  pocket  in 
the  inner  slope  of  the  bar  about  due  east  from  and  in  the  prolongation 
of  Amelia  Basin ;  and  that  this  pocket  finally  becomes  a  channel- way  to 
the  ocean,  and  the  southern  channel  becomes  extinct.  When  this  takes 
place,  the  bar  is  restored  essentially  to  the  same  condition  in  which  it 
was  found  about  forty  years  before.  There  seems  no  reason  for  suppos- 
ing that  the  new  bar,  which  will  unquestionably  form  beyond  the  jet- 
ties, possibly  2  or  3  miles  beyond,  will  be  exempt  from  any  of  these 
changes,  either  in  kind  or  degree.  The  new  channel,  instead  of  re- 
maining in  nearly  one  position  on  the  prolongation  of  the  deep-water 
line  between  the  jetties,  will  bend  to  the  south  under  the  joint  influence 
of  the  littoral  ebb-current  and  the  prevailing  northeasterly  storms,  and 
after  a  time  will  form  such  an  angle,  with  the  general  direction  of  the 
ebb-current  between  the  jetties,  that  the  latter  will  begin  to  eat  its  way 
through  the  bar  on  a  line  directly  seaward,  and  will  finally  force  a  pas- 
sage and  form  a  channel  on  that  line.  The  other  outlet  will  then  close 
up,  and  the  movement  will  begin  anew. 

3. — Stump  jetties. 

Let  us  suppose  that  the  jetties  are  each  only  one  mile  long,  and  located 
as  shown  on  Plate  II,  at  A  E  and  F  G. 

I.  The  north  jetty  J  on  the  line  A  S,  will  cut  off  Cumberland  Channel 
and  prevent  the  loss  of  ebb  in  that  direction,  so  that  the  entire  volume 
of  outflow  that  now  passes  Profile  I,  over  a  width  of  5,720  feet,  will  be 
caused  to  pass  between  the  head  of  the  jetty  and  Amelia  Island,  after 
the  channel  has  become  stable  under  its  reduced  width  of  about  3,000 
feet  at  mean  low- water.  Until  this  stage  is  reached  there  will  be  an 
inward  and  an  outward  scour  alternately,  with  a  preponderance  of  the 
latter  in  aggregate  effect,  until  a  condition  of  equilibrium  is  established. 
In  practice  this  state  will  be  attained  gradually  as  the  construction  of 
the  jetty  proceeds  from  the  shore  outward.  We  should  then  expect  to 
obtain  in  the  water-way  abreast  the  head  of  the  jetty  a  mean  depth  at 
low-water  of  about  40  feet,  with  70  feet  with  upward  in  the  deepest 
places.  This  supposes  that  the  discharge  through  Profile  I  passes  the 
new  profile  without  retardation  or  banking  up.  In  order  to  secure  the 
fall  and  continued  benefit  of  this  compact  volume  of  outflow  upon  the 
bar  beyond,  it  might  be  necessary  to  protect  the  end  of  Amelia  Island 
from  erosion  at  the  point  of  greatest  contraction.  Otherwise  there 
might  be  such  a  widening  of  the  water-way,  with  a  corresponding  re- 
duction in  depth  and  divergence  of  flow,  that  the  latter  would  fail  to 
maintain  its  scouring  power  until  it  reached  any  of  the  shallow  portions 
of  the  bar. 
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If  the  jetty  can  be  secured  from  uoder-washiDg  by  aprons,  spars,  and 
deep  foandations  of  the  head,  there  will  be  a  decided  advantage  in 
locating  it  on  the  line  A  E,  or  thereabouts,  not  only  on  account  of  the 
contraction  of  the  current,  which  means  a  greater  pushing  power,  but 
the  direction  of  the  jetty  will  also  more  efi'ectually  defl^ect  the  current- 
threads  that  now  take  Cumberland  Channel.  With  less  contraction 
than  that  indicated  by  the  line  A  B,  the  ebb-current  will  more  readily 
disperse  over  the  north  breakers  after  passing  the  jetty  head,  with  a  cor- 
responding diminution  of  the  scouring  value  of  the  deep-water  threads, 
upon  which  the  efficacy  of  the  method  depends. 

The  divergence  of  the  ebb  over  Pelican  Shoal  just  east  of  the  head 
of  the  jetty,  located  as  that  shoal  is  along  the  margin  of  the  steep  inner 
slope,  will  doubtless  cause  a  removal  of  that  shoal,  or  greatly  increased 
depths  upon  it.  This  result  will  be  aided  by  the  flood-tide,  which,  hav- 
ing  been  shut  off  from  Cumberland  Channel,  will  flow  with  increased 
velocities  around  the  head  of  the  jetty,  more  especially  after  the  shore- 
line of  Cumberland  Island  shall  have  been  moved  out  to  that  point  by 
the  accumulation  of  drift  in  the  exterior  angle.  In  other  words,  Cum- 
berland Channel  will  be  transferred  to  the  present  locality  of  Pelican 
Shoal,  and  that  shoal  will  cease  in  great  measure  to  perform,  as  it  now 
does,  the  part  of  a  training-wall.  The  result  would  be  to  diminish,  pre- 
maturely, the  volume  of  ebb  in  the  main  channel,  and,  therefore,  impair 
its  scouring  power  upon  the  bar  beyond.  To  obviate  this  disadvantage 
Pelican  Shoal  should  be  maintained  at  its  present  height,  which  would 
be  equivalent  to  the  construction  of  a  drowned  jetty  along  its  crest,  in 
the  prolongation  of  the  full- height  jetty  from  A  to  E,  and  of  such  length 
as  the  gradually-developed  results  would  indicate  to  be  necessary. 

The  subject  of  drowned  jetties  will  be  treated  more  at  length  here- 
after. 

2.  South  jetty.  From  the  northern  direction  of  the  littoral-flood  current 
it  might  be  expected  that  if  the  south  jetty  be  placed  obliquely  to  it,  as 
shown  by  the  line  F  G,  Plate  II,  the  current  striking  its  southern  face 
would  be  gradually  deflected  and  guided  by  it  to  the  head,  where  it 
would  enter  the  main  channel  with  increased  velocity.  The  same  re- 
sult would  finally  be  obtained  if  this  jetty  were  located  more  nearly  at 
right  angles  with  the  shore,  by  the  accumulation  of  drift  against  its  ex- 
terior face,  and  the  consequent  extension  of  the  shoreline  to  or  near 
the  point  G.  A  somewhat  violent  scour,  which  would  be  of  no  benefit 
but  rather  a  detriment  to  the  main  channel  farther  out,  might  be  ex- 
pected to  take  place  around  the  jetty-head,  suggesting  the  propriety  of 
protecting  the  bottom  by  a  submerged  extension  of  the  work,  as 
already  indicated  for  the  Pelican  Shoal  at  the  end  of  the  north  jetty. 
By  this  device  a  sudden  spreading  of  the  volume  of  ebb,  exterior  to  the 
high  portion  of  the  jetty,  would  be  prevented,  and  its  impetus  and  scour- 
ing power  preserved  for  action  upon  the  bar  farther  out. 

The  deepening  of  the  channel  abreast  the  head  of  the  south  jetty 
would  probably  be  permanent,  because  by  far  the  largest  bulk  of  the 
ebb-tide  would  reach  the  bar  in  that  direction,  as  being  about  in  the 
prolongation  of  the  deep-water  axis  of  Amelia  Basin. 

The  present  ebb-current  on  leaving  Amelia  Basin  has  its  strength 
soon  exhausted  by  spreading  out  after  getting  beyond  Amelia  Island, 
and  by  being  compelled  to  pass  obliquely  across  the  bar,  which  makes 
it  travel  a  longer  distance  before  it  reaches  deep  water.  This  oblique 
direction  is  undoubtedly  owing  to  the  influence  of  the  littoral  ebb-cur- 
rent and  other  causes,  such  as  dominating  northeasterly  winds  and  en- 
suing currents.  This  disadvantage  will,  to  some  extent,  be  remedied 
by  the  construction  of  stump  jetties  with  submerged  ends  ;  the  bulk  of 
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outflow  will  be  brought  in  an  uoimpaired  volume  to  a  more  advanced 
point  of  the  present  bar;  and  though  it  will  likewise  spread  out  later- 
ally after  getting  beyond  the  head  of  the  south  jetty,  it  will  have  a 
shorter  distance  to  travel  across  the  bar. 

The  improvement  that  may  be  expected  to  be  derived  from  such  jet- 
ties may  be  approximately  represented  by  figures  as  follows  : 

It  has  been  sliown  that  at  ebb-tide  28  per  cent,  may  be  estimated  to 
escape  northward,  between  Profiles  I  and  II,  and  7  per  cent,  more  be- 
tween II  and  III,  a  total  of  35  percent.  The  larger  half,  or  18  percent., 
will  be  found  to  flow  out  through  the  space  that  would  be  occupied  by 
the  high  portion  of  the  north  jetty,  and  17  per  cent,  over  the  submerged 
portion  and  the  line  of  shoals  down  to  Profile  III.  The  volume  of  ebb, 
therefore,  that  will  pass  the  end  of  the  jetty  at  E  will  be  greater  by 
about  18  per  cent,  of  the  whole  ebb  than  before  the  construction  of  the 
jetty.  It  may  be  assumed,  perhaps,  that  after  the  contracted  water- 
way has  been  deepened  by  the  scour  to  a  state  of  equilibrium  no  greater 
proportion  of  the  ebb  will  escape  over  the  north  shoals  between  B  and 
Profile  III  than  at  the  present  time,  es[)ecially  as  Pelican  Shoal,  where 
the  scour  would  doubtless  be  the  greatest,  is  supposed  to  be  protected 
by  a  submerged  work.  In  this  view  of  the  case,  83  per  cent,  of  the  en- 
tire volume  of  ebb  will  pjiss  through  Profile  III,  instead  of  the  present 
outflow  of  65  per  cent. 

The  construction  of  a  south  jett^',  with  its  head  at  G,  will  prevent  the 
spread  of  the  ebb  over  the  southern  shoals  to  such  a  degree,  that  where 
at  present  65  per  cent,  of  the  entire  volume  spreads  out  over  the  whole 
length  of  Profile  III,  (10,700  feet,)  we  may  expect  to  have,  as  the  joint 
result  of  both  works,  83  per  cent,  flowing  out  through  a  width  of  only 
2,700  feet. 

This  computation,  as  before  stated,  involves  the  questionable  assump- 
tion that  the  north  shoal  maintains  itself  substantially  in  its  present 
condition  and  continues  to  perform  the  part  of  a  low  training-wall  as  far 
out  as  Profile  III. 

Upon  another  page  the  mean  volumes  per  second  have  been  given 
that  flow  through  Profile  I,  during  each  of  the  four  quarters  of  ebb. 
See  table.  Profile  I,  ebb. 

By  multiplying  each  of  these  four  average  volumes  by  0.83  we  obtain 
the  volumes  expected,  from  the  foregoing  computation,  to  flow  through 
the  profile  between  the  head  of  the  south  jetty  and  the  nearest  low- water 
shoal  of  the  north  breakers,  a  width  of  2,700  feet,  as  follows : 

Volnme  per  second,  first  quarter 152, 708 X 0.8:3  =  12fi,  747  cubic  feet. 

Volume  per  second,  second  quarter 323, 0(52x0.8:3  =  268, 141  cubic  feet. 

Volume  per  second,  third  quarter 304.656x0.82  =  252,864  cubic  feet. 

Volume  per  second,  fourth  quarter 126, 589x0.83  =  105, 068  cubic  feet. 

By  means  of  the  scour  of  the  entering  flood  and  that  of  the  outflowing 
ebb,  the  bed  of  the  bar  will  undergo  material  changes  after  the  jetties 
have  been  built.  If  abottt  the  same  velocities  are  applied  to  tliis  profile 
that  are  expected  to  secure  stability  in  Profile  IV,  the  following  table 
shows  the  result: 

PROFFLK   G   II,   KBB. 


Namber  of  qaarter.         Mean  area. 


First.. 
Second. 
Third. 
Foarth 


115,290 
in.  263 
107, 190 
103, 140 


Mean  velocity. 


1. 09  feet 
2.41  feet 
2. 36  feet 
1. 02  feet 


Mean  volume  per  second. 


126,747  cnblc  feet. 
26^,141  cubic  fc«t. 
2.'S2,e64  cubic  feet. 
105,068  cubic  feet. 


Area  of  profile  at  Diean  low-water,  101,115  scxuare  feet ;  average  depth  at  meaa  low- 
water,  37.45  feet. 
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The  present  low-water  area  of  this  profile,  considered  as  a  part  of  the 
existing  water-way,  is  55,980  square  feet,  with  a  mean  depth  of  20.6 
feet  Between  24-foot  carves  in  a  width  of  960  feet  it  has  an  average 
depth  of  28  feet.  These  dimensions  are  inferior,  both  as  to  area  of  cross- 
section  and  mean  depth,  to  those  iff  is  anticipated  will  be  there  found 
after  the  jetties  have  been  built,  but  they  are  considerable  enough  to 
invite  some  examination  of  the  cause  of  their  not  exerting  a  stronger 
action  on  the  bar. 

The  explanation  seems  to  be  that  these  eastern  extensions  of  the  basin 
are  really  the  creation  of  unusually  strong  outward  currents,  caused  by 
heavy  freshets  of  Saint  Mary's  Eiver  and  tributaries,  in  conjunction  with 
high  spring-tides  and  strong  westerly  winds.  Such  currents  will  work 
their  way  across  the  bar,  plowing  it  up  and  scouring  deepest  in  the  di- 
rection of  the  longitudinal  axis  of  greatest  depths  of  Amelia  Basin,  until 
the  increasing  resistance  of  the  bar  exhausts  their  strength.  The  aver- 
age ebb-tide  derives  no  benefit  from  these  deepened  channels  in  such  a 
sense  as  to  continue  the  work,  because,  under  existing  conditions,  there 
is  nothing  to  prevent  its  spreading  out  after  passing  Kingsley's  Bank, 
thus  slackening  its  speed  and  destroying  its  scouring-power.  By  build- 
ing the  jetties  the  outflowing  water  is  compelled  to  pass  through  a  pro- 
file of  limited  extent,  and  the  result  will  be  an  increase  of  velocity  and 
scouring  effect 

The  next  question  is,  to  what  distance  forward  from  the  head  of  the 
jetty  will  this  strengthened  current  be  able  to  cut  a  channel  of  sufficient 
depth,  say  20  feet  at  mean  low- water,  without  resorting  to  dredging? 
At  the  end  of  that  distance  a  profile  should  be  found  of  20  feet  depth  in 
the  deep  water-portion  corresponding  to  a  general  mean  depth  of  profile  of 
12  feet,  according  to  the  proportion 

1.7  :  1  : :  20  :  12 

approximately,  as  deduced  from  Profile  I.  In  order  to  find  at  what 
distance  from  the  jetty  these  depths  will  be  found,  with  about  the  same 
velocities  as  given  in  Tables  0,  D,  and  E,  which  are  presumed  to  corre- 
spond to  a  condition  of  stability,  we  refer  again  to  Fig.  3,  Plate  III. 
Here  we  get  the  proportion 

X  :  1406  ::  (x  +  5300)  :  8250' ;  x  =  ^^^^  %M^'^^  ^  =  ^^^^'• 

This  refers  to  profiles  II  and  III.  Similar  ratios  applied  to  the  profile 
at  the  head  of  the  south  jetty  of  a  width  of  2,700  feet,  (see  Fig.  4,  Plate 
III,)  give 

1074  :  1406  ::  x  :  2700;  a?  =  ?^^^^^^^  =  2062 ft 

This  length  of  2,062  feet  may  be  regarded  as  a  kind  of  radius  of  di- 
vergence, with  which  the  profile  at  the  jetty-head  is  described,  and  to 
which  the  advanced  profile  of  12  feet  mean  depth  will  be  more  or  less 
concentric.  To  find  this  distance  we  must  first  find  its  probable  area. 
This  is  determined  approximately  by  taking  a  mean  of  the  velocities  at 
the  four  quarters  of  ebb,  and  a  mean  height  between  high  and  low 
water.    The  mean  velocity  will  then  be,  (see  Table  E,) 

1.09  +  2.41  +  2.36  +  1.03  ^  ^  ^^  feet, 
4 

and  the  mean  height  or  depth  12'  -f  3'  =  15  feet.  The  average  volume 
passing  this  advanced  profile  will  be,  (see  Table  E,) 

126.747  +  268.141  +  252.864  +  105.068       ,  ^^  ^^^      ,  .    .    ^ 
— -^ — =  188.205  cubic  feet 
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If  I  represents  the  width  of  the  advanced  profile,  then 

15  X  1.72  X  I  =  188,205  cub.  ft;  1  =  7,300  ft.; 

and  for  the  mean  distance  y  between  the  two  profiles  we  have  the  pro- 
portion 

2060  :  2700  ::(y  +  2060)  :  I',  y  =  ^^^^  27^0^^^^^  =  ^^^^  ^^• 

That  is,  after  the  current  has  reached  the  profile  2,  3,500  feet  distant 
from  the  jetty-head,  it  should  still  have  sufficient  strength  to  keep  open 
a  mid-channel  of  20  feet,  average  low- water  depth;  but  beyond  that  it 
rapidly  loses  its  scouring  power,  and  dredging  will  be  required  to  provide 
for  a  ship-channel  of  that  depth. 

The  length  of  channel  to  be  dredged  across  the  bar  is  5,950  feet.  To 
dredge  a  channel  of  that  length,  300  feet  wide  at  the  bottom  with  i 
slopes,  and  20  feet  depth  at  low- water,  will  require,  according  to  the 
present  condition  of  the  bar,  (survey  of  1876,)  the  removal  of  nearly 
680,000  cubic  yards  of  material  in  addition  to  that  brought  in  by  the 
waves  and  currents  during  the  progress  of  the  work,  of  which  no  esti- 
mate worthy  of  much  reliance  can  be  formed.  Its  completion  in  lens 
than  two  or  two  and  a  half  years,  operating  with  two  powerful  and 
thoroughly-equipped  dredging  steamers,  could  not  be  expected.  The 
channel  once  established,  could  most  Hkely  be  maintained  for  several 
years,  by  the  constant  service  of  one  steamer,  to  depths  varying  from 
18  to  30  feet,  depending  on  the  greater  or  less  frequency  and  duration 
of  damaging  storms. 

After  some  years — it  is  impossible  to  say  how  many — the  channel-dis- 
tance across  the  bar,  by  its  extension  beyond  the  limit  of  effective  scour, 
which  measures  the  length  to  be  dredged,  would  become  so  great  that 
one  dredging-steamer  would  be  inadequate  to  the  work,  and  the  annual 
expense  would  have  to  be  doubled  by  putting  on  another  boat ;  or  per- 
haps the  second  one  might  be  of  less  capacity,  and  therefore  run  at 
somewhat  less  expense  than  the  first.  Finally,  when  the  bar  shall  have 
attained  the  limit  of  its  growth  seaward,  the  annual  expense  of  main- 
tenance would  be  sufficient  to  keep  open  a  channel  equally  good  across 
the  present  bar,  unimproved  by  jetties,  assuming  such  a  channel  to  have 
been  once  established  by  dredging. 

4. — Full'loigth  drowned  jetties. 

The  excessive  depths  required  between  the  heads  of  high  jetties  in 
order  to  let  in  all  the  flood,  unless  they  are  placed  so  far  apart  as  greatly 
to  reduce  the  effective  scouringdistance  of  the  ebb-current  outside,  sug- 
gests that  there  might  be  greac  difficulty  experienced  in  securing  the 
works  against  destruction  by  undermining.  The  necessity  for  admit- 
ting the  flood  in  unimpaired  volume  cannot  be  doubted.  The  conse- 
quences of  reducing  it  are  equally  disastrous,  whether  it  be  the  result 
of  diminished  water-way  at  the  entrance,  or  diminished  interior  reservoir 
capacity.  The  reclamation  of  marsh-lands  bordering  the  harbor  by 
embankments  which  prevent  the  tide  from  overflowing  them,  is  one  of 
the  most  common  methods  of  injuring  the  commercial  value  of  harbors, 
of  which  many  cases  might  be  cited.  We  learn  from  Minard  that  in  the 
harbor  of  Ostend  a  line  of  embankment  or  dike  was  constructed  in  1626 
which  shut  out  the  tide  from  a  large  area  of  previously  submerged  land. 
The  result  was  that  the  harbor  began  to  silt  up,  and  finally  the  depth  in 
the  channel  was  reduced  to  a  little  over  3  feet.    An  opening  was  made 
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in  the  dike  in  1662,  in  order  again  to  admit  the  tide  upon  the  low  lands, 
and  the  channel  in  1698  had  been  scoured  out  to  depths  varying  from 
43  to  55  feet.  The  opening  in  the  dike  was  closed  in  1700,  and  in  1716 
complaints  began  to  be  made  that  the  channel  was  again  shoaling  by 
the  deposit  of  silt,  and  in  1720  it  became  almost  closed.  Openings 
through  the  dike  were  again  made  to  admit  the  tide,  resulting  in  again 
scouring  out  the  channel  to  a  considerable  extent,  but  the  marsh-lands 
had  by  this  time  been  filled  in  and  raised  to  such  a  degree  as  greatly  to 
impair  their  value  as  reservoirs,  and  the  openings  were  subsequently 
closed  up  as  useless.  The  silting  up  of  the  channel  then  continued,  and 
in  1810  the  depth  had  been  reduced  to  about  6J  feet.  The  method  of 
scouring  by  sluices  was  then  resorted  to,  but  without  very  satisfactory 
results. 

The  highest  authorities  on  this  subject  concur  in  the  necessity  of  pro- 
viding for  a  free  and  full  entrance  of  the  flood-tide,  and,  if  practicable, 
of  augmenting  its  volume,  in  all  projects  for  the  improvement  of  tidal 
harbors,  as  otherwise  the  inevitable  consequence  will  be  a  silting  up  of 
the  channel,  not  ouly  at  the  entrance,  but  in  the  inner  reaches  of  the 
harbor.  The  useful  depths  of  a  stream  for  purposes  of  navigation,  that 
is,  the  depths  along  the  line  of  deepest  water,  are  largely  determined 
by  the  low-water  flow.  In  a  tidal  stream  it  is  the  first  of  the  flood  and 
the  last  of  the  ebb  which  fix  the  location  of  the  channel,  and  whose 
scouring  action  can  be  most  easily  and  most  surely  controlled  by  con- 
centration, for  it  is  admissible  to  place  the  jetties  or  training- walls  com- 
paratively close  together,  if  their  crests  are  kept  low  enough  to  allow 
the  water  at  its  highest  stages  to  pass  freely  over  them. 

It  is  also  true  that,  having  provided  for  the  entrance  of  the  largest 
possible  amount  of  flood,  then  the  greater  the  preponderance  in  volume 
of  the  ebb  over  the  flood  in  the  channel  to  be  improved,  the  greater  will 
be  the  benefits  secured.  As  already  stated,  this  preponderance  in  Fer- 
nandina  Harbor  comprises — 

1.  The  land-drainage  of  1,700  square  miles. 

2.  The  excess  of  flood  over  ebb  passing  through  Cumberland  Channel. 
3i  The  water  brought  in  by  waves  of  translation   over  the  shoals, 

which  flows  out  as  part  of  the  principal  or  deep-water  currents. 

The  jetties  should  be  so  designed  that  this  preponderance  shall  be 
preserved.  It  mny  be  possible  to  increase  that  derived  from  Cumber- 
laud  Channel,  as  will  be  seen  below. 

The  north  jetty. — The  location  of  the  north  jetty  would  be  somewhere 
along  the  shoals  forming  the  northern  limits  of  Amelia  Basin,  the  shore- 
end  at  some  point  on  the  south  end  of  Cumberland  Island,  or  on  the 
line  A  B  J,  Plate  II.  As  an  average  of  the  four  quarters  of  flood,  we 
have  estimated  the  volume  per  second  for  Profile  I  at  199,982  cubic  feet 
through  an  average  profile  half-way  between  high  and  low  water,  while 
Profile  II  passes  123,572  cubic  feet  per  second.  The  difference,  or 
76,410  cubic  feet,  flows  in  from  the  northern  breakers.  To  form  an  idea 
of  the  distribution  of  the  latter  volume,  a  profile  was  calculated  from  a 
point  near  Profile  I,  on  Cumberland  Island,  across  Cumberland  Channel, 
and  along  the  shoals  to  the  north  end  of  Profile  II.  The  length  of  this 
profile  is  about  11,600  feet,  of  which  3,660  feet  are  shoals,  bare,  or  nearly 
so,  at  low-water  level.  The  depths  of  this  profile  range  from  0  to  8^ 
feet  at  low  water.    By  applying  Downing's  formula 

V  =  100x  VWxSy 

the  velocities  belonging  to  the  varying  depth-compartments  were  de- 
termined, which,  multiplied  with  their  respective  areas,  gave  the  vol- 
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ume  of  76,410  cable  feet  per  second.  It  was  foaud  that  over  the  shoals, 
bare  at  low  water  on  a  length  of  3,660  feet,  10,332  cubic  feet  per  second 
pass  into  the  basin,  (aboat  3  cabic  feet  per  linear  foot  of  shoals ;)  and  if 
the  whole  length  (11,600  feet)  were  occupied  by  such  shoals  it  might  be 
concluded  that  only  32,746  cubic  feet,  instead  of  76,410  cubic, feet,  per 
second  would  flow  in.  If  the  entire  extent  of  line  from  I  to  III^  a  length 
of  16,200  feet,  was  formed  of  similar  shoals,  it  might  be  expected  that 
45,732  cubic  feet  per  second,  or  about  23  per  cent,  of  the  present  total 
flood,  would  pass  in  over  them,  instead  of  the  present  flow  of  45  per 
cent.  (199,982— 105,521==94,461  cubic  feet.)  The  practical  results  would 
probably  be  somewhat  different ;  for  if  we  suppose  a  drowned  jetty  with 
its  crest  at  mean  low  water  to  occupy  the  entire  length  of  the  north 
shoal  from  I  to  III,  in  conjunction  with  a  south  jetty,  either  full  height  or 
drowned,  reaching  to  the  crest  of  the  bar,  and  that  both  are  put  in  place 
suddenly,  say  at  the  slack- water  of  ebb,  the  first  effects  would  be  a  vio- 
lent inward  scour  between  the  jetty-heads  and  increased  velocities  over 
both  jetties  if  the  crests  of  both  are  kept  low.  There  would  be  alter- 
nately an  inward  and  an  outward  scour  on  the  bar  between  the  jetties, 
accompanied  by  a  shortening  of  the  periods  of  slack-water  of  both  ebb 
and  flood  in  Cumberland  Sound,  until  a  condition  of  stability  was  at- 
tained by  the  gradual  deepening  of  the  contracted  water-way. 

We  should  then  expect  a  restoration  to  their  normal  condition  of  both 
the  volume  and  duration  of  ebb  and  flood  currents  through  Profile  I. 
This  supposition  of  a  uniform  height  for  the  north  jetty  would  eliminate 
the  flood-tide  character  of  Cumberland  Channel,  by  destroying  the  pre- 
ponderance in  volume  of  its  flood  over  its  ebb.  It  would  therefore  de- 
prive the  project  of  whatever  benefits  might  have  been  derived  from 
this  source,  as  contributing  to  the  excess  of  outflow  over  the  inflow  in  the 
main  channel  between  and  exterior  to  the  heads  of  the  jetties.  The 
importance  of  preserving,  and,  if  possible,  increasing  this  excess  sug- 
gests a  modification  of  the  foregoing  design  for  the  north  jetty,  by  leav- 
ing Cumberland  Channel  open,  for  a  time  at  least,  and  beginning  the 
jetty  in  about  5  feet  of  water  on  the  east  side  of  that  channel,  thus  leav- 
ing a  gap  about  2,400  feet  wide  next  the  shore.  The  idea  is  to  close  this 
gap  partially  at  a  later  period  by  a  continuous  work  adjusted  to  such 
height  above  the  bottom  as  will  give  the  largest  ratio  of  preponderance 
of  flood  over  the  ebb.  At  the  present  time,  according  to  calculation, 
out  of  94,461  cubic  feet  per  second  passing  in  between  Profiles  I  and  III 
from  the  north,  33,574  cubic  feet  go  over  the  site  of  the  proposed  gap. 
The  gap  having  a  length  of  2,400  feet,  the  jetty,  from  its  beginning 
near  Pelican  Shoal  to  Profile  III,  will  have  a  length  of  13,800  feet, 
(16,200  —  2,400.)    The  jetty  with  its  crest  at  low  water  would  then  pass 

a  volume  of  about  39,000  cubic  feet  per  second  (  — ^ — ,  ^  ,^^^  ^ —  \    The 

balance,  equal  to  55,461  cubic  feet  per  second,  (94,461  —  39,000,)  should 
pass  the  gap,  instead  of  33,574  cubic  feet,  as  at  present.  The  existing 
profile  of  the  proposed  site  of  the  gap  at  half-tide  possesses  an  area  of 
cross-section  equal  to  20,491  square  feet,  with  a  wetted  perimeter  of 
2,400  feet,  a  mean  hydraulic  depth  at  low  water  of  5.5  feet,  and  an 
average  velocity  of  1.64  feet  per  second.  •  The  building  of  the  detached 
jetty  will  direct  an  average  volume  of  55,416  cubic  feet  per  second 
through  that  profile,  increasing  the  velocity  to  2.7  feet  per  second 

V  ^^20 '41)1  J  ^^ich,  during  the  second  half  of  flood,  will  rise  to  3  or  4 

feet.  It  will  therefore  produce  considerable  scour,  resulting  in  an  en- 
argemeut  of  the  water-way  by  deepening,  until  a  condition  of  stability 
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has  been  reached.  The  increased  volume  would  then  flow  in  with  about 
the  present  velocity  through  a  profile  having  an  area  of  about  33,786 
square  feet  at  half-tide,  with  a  mean  low- water  depth  of  about  11  feet. 

During  this  gradual  approach  to  a  stable  profile,  the  water-way  of  the 
gap  should  be  frequently  gauged  for  both  ebb  and  flood,  in  order  to  de- 
termine the  conditions  of  profile  corresponding  to  the  maximum  per- 
centage of  preponderance  of  flood  over  ebb.  A  submerged  work  should 
then  be  constructed  across  the  gap,  having  its  crest  at  such  varying 
depths  below  the  water-suface  that  a  permanent  profile  representing 
^hose  conditions  will  be  established. 

The  preponderance  of  flood  over  ebb  passing  through  the  gap  n^ight 
be  increased  by  a  deflecting  jetty,  projected  diagonally  down  stream 
from  the  inner  shore  of  Cumberland  Island,  at  the  mouth  of  Beach 
Creek,  as  shown  at  S,  Plate  II.  This  jetty  might  have  its  crest  at  or 
above  high  water.  It  would  not  interfere  at  all  with  the  entrance  of 
the  flood,  or  produce  injurious  eddies,  while  it  would  deflect  the  ebb- 
currents  in  Cumberland  Sound  away  from  the  gap,  and  aid  their  exit 
by  the  main  channel  through  Amelia  Basin. 

The  north  jetty  will  therefore  be  supposed  to  occupy  the  line  of  north 
shoals  reaching  from  Cumberland  Island  to  the  outer  ISfoot  curve,  the 
crest  being  established  on  a  level  of  ordinary  low-water,  except  for  a 
length  of  2,400  feet  next  the  shore,  where  it  is  kept  low  enough  to  pre- 
serve the  existing  excess  of  flood  over  ebb  in  Cumberland  Channel. 

Between  Profiles  I  and  II  about  28  per  cent,  of  the  entire  volume  of 
ebb,  or  an  average  of  63,218  cubic  feet  per  second,  passes  out  to  the 
northward  over  a  profile  11,600  feet  long.  According  to  calculation 
based  on  Downing's  formula,  out  of  this  volume  of  63,218  cubic  feet, 
8,698  cubic  feet  per  second  passes  over  the  length  of  3,660  feet  of  shoals 
just  bare  at  low-water. 

If  a  jetty,  having  its  crest  on  the  level  of  these  shoals  or  mean  low- 
water,  occupied  their  entire  length  of  16,200  feet  from  Cumberland 
Island  to  the  north  end  of  Profile  III,  then  the  proportionate  amount 
flowing  over  it  should  be  38,500  cubic  feet  per  second,  since 

3,660: 8,693: :  16,200 :  38,500 

that  is,  38,500  cubic  feet,  or  17  per  cent.,  would  escape,  where  now 
79,048  cubic  feet,  or  35  per  cent.,  is  lost ;  a  gain  of  18  per  cent,  for  the 
main  channel.  The  variation  from  this  result,  due  to  the  lower  level  of 
the  work  across  Cumberland  Channel,  will  be  assumed  to  be  beneficial, 
for  reasons  already  given. 

A  drowned  south  jetty,  with  its  crest  not  higher  than  mean  low- water 
level,  located  on  line  C  Q,  Plate  II,  will  have  a  length  of  about  12,800 
feet  from  its  shore-end  on  Amelia  Island  to  the  outer  18-foot  curve. 
With  the  north  jetty  placed  as  above  described,  there  will  be  a  width 
of  half  a  mile  between  jetty-heads,  and  a  volume  of  nearly  60  per  cent, 
of  the  whole  ebb-flow  will  pass  out  between  them.  In  this  case  the 
method  of  calculation  employed  in  estimating  the  probable  effects  of 
the  jetties  previously  discussed,  determines  the  distance  seaward  of 
the  jetty-heads,  at  which  the  scouring-power  of  the  currents  will  be 
able  to  maintain  a  mid-channel  low-water  depth  of  20  feet,  to  be  3,900 
feet. 

If  the  width  between  jetty-heads  be  reduced  to  2,000  feet,  the  general 
average  depth  should  be  about  35  feet,  after  a  state  of  comparative  per- 
manence in  the  contracted  water-way  has  been  reached.  This  would 
imply  a  mean  depth  of  about  68  feet  in  the  central  portion,  with  maxi- 
mum depths  of  perhaps  80  ieet,  and  a  power  to  maintain  a  channel  20 
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feet  deep  at  mean  low-water  for  a  distaDce  of  5,200  feet,  or  nearly  one 
mile  beyond  the  heads  of  the  jetties. 

By  narrowing  the  width  still  more,  say  to  one-fourth  of  a  mile,  or  1,300 
feet,  the  scour  will  produce  an  average  depth  of  perhaps  54  feet,  with  a 
mean  depth  in  central  portion  of  something  like  90  feet,  and  maximum 
depths  of  over  100  feet.  The  current  will  probably  preserve  a  scouring 
power  sufficient  to  maintain  a  channel  of  20  feet  depth  at  low-water  for 
a  distance  of  something  over  1^  miles  beyond  the  jetties. 

5. — Full-length  drowned  7U>rth  jetty  and  full  height  south  jetty. 

With  a  drowned  north  jetty  located  precisely  like  that  just  discussed, 
and  a  full-height  south  jetty,  placed  as  shown  by  line  G  Q,  Plate  II,  running 
out  to  the  outer  18-foot  curve  of  the  bar,  a  larger  amount  of  the  ebb  will  be 
caused  to  flow  out  between  the  jetty-heads  than  in  the  case  just  consid- 
ered. According  to  previous  computations,  we  may  expect  over  80  per 
cent,  of  the  whole  ebb-flow  of  Profile  I  to  pass  out  between  the  jetty- 
heads.  The  action  of  the  issuing  current  will  be,  therefore,  more  ener- 
getic, resulting  in  a  comparative  lengthening  of  the  channel  produced 
by  it  beyond  the  jetty-heads.  The  method  of  calculation  heretofore 
adopted  gives  the  following  results  for  the  case  under  consideration : 

For  a  width  between  jetty-heads  of  half  a  mile,  a  channel  of  20  feet 
depth  at  low- water  will  extend  beyond  the  jetty-heads  about  5,500  feet; 
for  a  width  between  jetty-heads  of  2,000  feet,  the  channel  will  have  a 
length  of  7,000  feet ;  and  for  a  width  of  1,300  feet,  the  exterior  length 
may  be  over  two  miles.  The  depth  between  jetty-heads  will,  of  course, 
increase  in  a  corresponding  ratio. 

THE  DURATION  OF  THE  IMPROVED  CHANNEL. 

The  value  or  duration  of  the  benefits  to  be  derived  from  the  use  of 
jetties  for  the  improvement  of  a  bar-channel  which  forms  the  outlet  of 
a  tidal  non-sedimentary  stream  is  largely  a  matter  of  conjecture,  more 
especially  when  the  bar,  as  in  the  case  under  consideration,  has  not 
formed  the  subject  of  careful  and  prolonged  study  made  with  special 
reference  to  contemplated  works  of  improvement.  The  records  of  the 
most  elaborate  hydrographic  survey,  even  if  annually  repeated,  would 
be  largely  wanting  in  the  kind  of  information  required  by  the  engineer 
in  designing  his  project ;  for  such  surveys  and  the  charts  resulting  from 
them,  although  they  might  be  everything  that  could  be  desired  by  nav- 
igators and  seamen,  and  would  furnish  an  accurate  history  of  the 
changes  taking  place  in  the  location  and  form  of  the  bar,  would  give  no 
measure  of  the  quantity  of  material  moved  in  effecting  those  changes.  While 
it  is  true  that  no  alteration  of  the  physical  features  of  the  bar  could 
take  place  without  a  movement  of  materials,  it  is  equally  true  that 
many  hundreds  of  thousands  of  cubic  yards  of  silt  and  sand  might  be 
moved  again  and  again  from  one  side  of  the  bar-channel  to  the  other 
without  forming  an  integral  part  of  the  hydrographer's  observations, 
and  even  without  being  recognized  by  him  at  all,  although  caused  by 
stortns  occurring  at  intervals  during  the  progress  of  his  work. 

For  example,  a  heavy  northeasterly  storm,  producing  breakers  along 
the  north  shoal  from  Cumberland  Island  to  Profile  III,  a  distance  some- 
what exceeding  3  miles,  would  throw  up  large  quantities  of  sand,  carry 
it  over  the  crest  of  the  shoal,  and  drop  it  in  the  deep  water  of  the  main 
channel  between  Profiles  I  and  III. 

It  would  next  be  taken  up  by  the  ebb-currents,  and  rolled  or  carried 
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oat  toward  the  sea  antil  it  encoantered  the  littoral  ebb-carrent,  aocel- 
erated  by  the  storm,  by  which  it  would  be  again  moved  in  a  southwesterly 
direction,  and  finally  left  to  the. action  of  the  south  breakers,  which 
would  distribute  it  upon  the  south  shoal.  This  action,  which  is  illus- 
trated in  Figure  5,  Plate  III,  would  be  incessant  during  the  contiDuance 
of  the  storm,  every  wave  upon  both  the  north  and  south  shoal  doing 
its  part  of  the  work.  The  results  will  be  (1)  to  lower  the  north  and  cor- 
respondingly raise  the  south  shoal,  and  (li)  move  the  outlet  of  the  bar- 
channel  to  the  southward. 

The  action  of  a  southerly  storm  will  be  the  reverse  of  this,  moving  the 
material  from  the  south  to  the  north  shoal.  I  am  not  aware  of  any 
experiments  having  been  made  by  means  of  which  an  estimate  can  be 
formed  of  the  quantity  of  material  that  would  probably  be  transported 
from  one  side  of  the  channel  to  the  other,  in  a  given  time,  by  the  agency 
of  a  heavy  storm.  As  a  moderate  assumption,  a  northeaster,  of  three 
days'  duration,  might  be  expected  to  lower  the  north  shoal  4  inches 
within  the  area  covered  by  the  breakers.  The  greater  part  of  the 
eroded  material,  amounting  to  upward  of  516,000  cubic  yards,  would 
doubtless  be  distributed  along  the  south  shoal  during  the  progress  of 
the  storm.  If  the  waves  should  subside,  or  a  southerly  or  southeast- 
erly storm  set  in  before  the  bar-channel  had  returned  to  its  normal  con- 
dition, the  material  subsequently  carried  out  would  not  reach  the  south 
shoal,  but  in  the  former  case  would  remain  near  the  outlet  on  the  outer 
slope  of  the  bar,  and  in  the  latter  would  be  carried  back  by  the  waves 
to  the  north  shoal.  If  as  much  as  one-fourth  of  it  remained  in  the  bar- 
channel  between  the  inner  and  outer  18-foot  curves,  a  few  severe  storms, 
such  as  frequently  occur  within  the  period  of  a  single  month,  would 
entirely  destroy  it  by  filling  it  up  to  the  level  of  the  shoal  on  either  side. 

It  would  appear,  therefore,  that  millions  of  cubic  yards  of  the  material 
composing  the  bar  might  be  shifted  back  and  forth  from  one  side  of 
the  channel-outlet  to  the  other  during  a  single  season,  without  causing 
injury  to  the  channel  by  shoaling,  and  without  producing  any  changes 
in  the  form  and  location  of  the  bar  itself,  that  might  not  entirely  escape 
the  notice  of  the  most  careful  surveyor.  And  yet  this  shifting  of  ma- 
terial, of  which  no  evidence  may  be  left  behind,  should  enter  as  an  im- 
portant if  not  a  controlling  function  in  the  project  of  the  engineer,  be- 
cause the  useful  life  of  his  works  is  more  or  less  dependent  thereon. 

When  the  shoal  on  either  side  is  occupied  by  a  jetty,  new  and  import- 
ant conditions  are  interposed,  for  the  sand  cannot  be  carried  into  the 
main  channel  by  means  of  translation,  until  it  has  filled  in  and  banked 
up  as  high  as  the  crests  of  the  works  on  the  outside.  If  the  works  rise 
much  above  the  level  of  high  water,  its  passage  into  the  main  channel 
will  be  arrested  entirely,  until  its  accumulation  on  the  exterior  carries 
the  shoreline  to  or  near  the  heads  of  the  jetties.  After  this  it  will  drift 
in  around  the  ends,  to  be  subsequently  taken  up  and  carried  out  by  the 
ebb-currents,  and  finally  deposited  on  the  leeward  shoal. 

If  the  jetties  do  not  rise  above  the  level  of  high  water,  the  sand  will 
be  carried  in  by  storms  over  their  crests,  as  soon  a^  it  shall  have  accu- 
mulated to  that  height  on  the  outside.  It  will  also  pass  in  around  their 
ends,  to  be  carried  out  and  deposited  on  the  leeward  section  of  the*  bar, 
as  before. 

With  regard  to  jetties  with  their  crests  located  above  the  level  of 
high- water,  whether  full  length  or  otherwise,  very  little  reliance  should 
be  placed  upon  any  estimate  of  the  time  that  would  probably  elapse 
before  the  shore-line  would  be  advanced  to  the  vicinity  of  the  jetty- 
heads  by  the  accumulation  of  sand  in  the  exterior  angles.    Perhaps 
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eight  or  ten  years  would  suffice  to  produce  this  result,  even  if  the  works 
reach  to  the  outer  10-foot  curve.  After  this  the  material  would  bo 
drifted  iuto  the  channel  around  the  jetty -heads  by  every  heavy  storm 
striking  the  shore  obliquely ;  the  ebb-scour  would  take  it  up  and  carry 
it  farther  out,  where  it  would  be  disposed  of  either  near  the  channel- 
outlet,  or  upon  the  north  or  south  shoal,  depending  on  the  force  and 
direction  of  the  waves  prevailing  at  the  time.  In  this  manner  the  bar 
would  grow  seaward  throughout  its  entire  arc,  the  extent  of  its- dual 
growth  under  the  new  conditions  being  proportioned  to  the  length  of 
the  jetties. 

It  is  believed  that  full-height  jetties  are  not  the  most  suitable  kind 
for  the  improvement  of  the  entrance  to  a  tidal  harbor  in  which  the  pre- 
ponderance of  the  outflow  over  the  inflow  is  no  greater  than  it  is  at 
Eernandina.  They  necessitate  either  a  wide  opening  or  excessive  depths 
between  the  jetties,  to  insure  the  necessary  fllliug  of  the  tidal  reservoir 
at  each  flood.  The  former  condition  implies  a  reduction  in  the  outward 
reach  of  the  effective  scour,  and  the  latter  increased  doubt  in  the  prac- 
ticability of  building  the  works  and  securing  them  from  destruction  by 
undermining. 

Low  jetties,  besides  being  less  costly,  would  give  better  results  than 
high  ones,  and  in  constructing  them  their  crests  should  not  be  placed 
above  the  low-water  level.  They  might  afterward  be  gradually  raised 
higher  from  the  shore  outward,  if  deemed  necessary  or  desirable. 

ESTIMATES  OF  COST. 
1.   FCLL-H RIGHT  JETTIES  EXTENDING  ACROSS  THE  BAR. 

The  north  jetty,  ranning  on  the  line  A  B  J,  Plate  II,  woald  have  a  length  of  21,120 
feet,  of -which  15,840  feet  are  supposed  to  be  a  gabionage  in  two  tiera  of  single  rows, 
and  the  outer  or  bar  end  a  length  of  5,280  feet,  a  riprap  formation. 

North  jetty. 

1.5,840  linear  feet  gabion  jetty,  at  $10.42 $165,052  80 

8,400  linear  feet  spur  jetty,  at  $5.21 43,764  00 

160,000  cubic  yards  riprap,at^6 - 960,000  00 

30  per  cent,  contingencies,  including  settling 350,645  04 

1, 519, 461  84 

If  the  whole  jetty  were  built  as  a  riprap  dam,  it  would  require  434,000  cubic  yards, 
and  the  cost  would  be — 

434,000  cubic  yards,  at  $6  per  yard $2,604,000  00 

30  per  cent,  for  contingencies,  Including  settling 781, 200  00 

3,  385, 200  00 

Tbe  south  jetty,  running  on  the  line  C  D  M,  would  have  a  length  of  13,050  feet,  of 
which  ouly  1,150  feet  would  be  built  of  gabions,  aud  11,900  feet  of  riprap. 

South  jetty. 

1,150  linear  feet  gabion  jetty,  at  $10.42 $11,983  00 

600  linear  feet  spur  jetty,  at  $5.21 3,126  00 

432,000  cubic  yards  riprap,  at  $jS 2,592,000  00 

30  per  ceut.  for  contingencies,  including  settling 782,132  70 

3,389,241  70 
The  whole  south  jetty  in  riprap  would  cost — 

440,500  cubic  yards  riprap,  at  $6 $2,643,000  00 

30  per  ceut.  for  contingencies 792,900  00 

3, 435, 900  00 
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SUMMARY. 

North  jetty,  part  riprap  and  part  gabion $1,519,461  84 

South  jetty,  part  riprap  and  part  gabion , .    3,389,241  70 

Total 4,908,703  54 

North  jetty,  all  riprap $3,385  200  00 

South  jetty,  all  riprap 3,435,900  00 

Total 6,821,100  00 

2.  FULL-H£IGHT  JETTIES  REACHING  TO  THE  CREST  OF  THE  BAR. 

In  this  case  the  heads  of  the  jetties  are  supposed  to  be  so  located  that  the  issuing 
current  preserves  sufficient  strength  to  secure  a  channel  of  not  less  than  20  feet  deptu 
at  luean  low  water,  without  resorting  to  dredeing. 

The  north  jetty,  located  on  line  A  B,  Plate  II,  will  have  a  total  length  of  17,200  feet, 
of  which  1,360  feet  would  be  riprap,  and  the  balance  gabion  jetty. 

North  jetty. 

15,840  linear  feet  gabion  jetty,  at  $10.42 $165,052  80 

8,490  linear  feet  spur  jetty,  at  $5.21 4.%  764  00 

58,000  cubic  yards  riprap,  at  $6 348,000  00 

30  per  cent,  contingencies 167,043  64 

723,860  64 
If  this  work  were  built  entirely  of  riprap,  it  would  cost — 

332,000  cubic  yards,  at  $6 $1,992,000  00 

30  per  cent,  contingencies 597,600  00 

2, 589, 600  00 

The  south  jetty,  on  the  line  C  D,  has  a  length  of  7,865  feet,  of  which  1,150  feet  would 
be  built  of  gabions. 

South  jetty. 

1,150  linear  feet  gabion  jetty,  at  $10.42 $11,983  00 

600  linear  feet  spur  jetty,  at  $5.21 3,126  00 

231,800  cubic  yards  riprap,  at  $6 1,390,800  00 

30  per  cent,  contingencies 421,772  70 

1,827,681  70 
Built  entirely  of  riprap,  it  would  require — 

240,300  cubic  yards,  at  $6 $1,441,800  00 

30  per  cent,  contingencies 432,540  00 

1, 874, 340  00 

SUMMARY. 

North  jetty,  part  riprap  and  part  gabion $732,860  64 

South  jetty,  part  riprap  and  part  gabion 1,827,681  70 

Total 2,560,542  34 

North  jetty,  all  riprap $2,589,600  00 

South  jetty,  all  riprap 1,874,340  00 

Total 4,463,940  00 

3.  STUMP  JETTIES,  ABOUT  ONE  MILE  LONG  EACH. 

This  mode  of  improvement  will  comprise  the  construction  of  the  following  works : 

a.  North  jetty,  one  mile  long. 

b.  Drowned  jetty  to  re-enforce  Pelican  Shoal  on  a  length  of  about  one  mile. 

c.  Protecting  north  shore  of  Amelia  Island  by  means  of  spur  jetties. 

d.  South  jetty,  about  one  mile  long. 
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a. — North  jetty. 

This  jetty  wonld  extend  from  Cumberland  Island  to  a  point  near  Pelican  Shoal,  on 
line  A  E,  Plate  II.  The  average  depth  now  found  on  this  line  is  less  than  H  feet ;  but 
the  estimate  is  based  on  the  assumption  that  two  tiers  of  gabions  6  feet  high  are  re- 
quired on  the  whole  line. 

5,280  linear  feet  gabion  jetty,  at  $10.42 $55,017  OQ 

2,800  linear  feet  spur  jetty,  at  $5.21 14,588  00 

30  per  ceut.  contingencies 20,881  68 

90, 487  68 
Built  entirely  of  riprap  it  would  require — 

88,000  cubic  yards,  at  $6 $528,000  00 

30  per  cent,  contingencies 158,400  00 

686,400  00 
h. — Drowned  Jetty  far  Felioan  Shoal. 

This  jetty  would  have  it«  crest  at  mean  low-water  level ;  at  its  western  end  it  will 
connect  with  the  head  of  the  north  jetty  and  follow  the  line  of  Pelican  Shoal  for  a 
length  of  one  mile.    This  jetty  will  be  supposed  to  be  made  entirely  of  riprap,  and 
would  require — 

12,500  cubic  yards,  at  $6 $75,000  00 

30  per  cent,  contingencies 22,500  00 

97,500  oa 

c. — Protecting  north  shore  of  Amelia  Island. 

About  six  spur  jetties  are  estimated  to  be  required  extending  from  the  shore  to  the 
6-foot  curve  ;  their  shore-ends  to  be  raised  to  high- water  level,  and  their  heads  to  be 
kept  at  low- water  mark,  so  that  thmr  crests  incline  toward  the  channel.  Their  aggre- 
gate length  would  be  about  1,200  feet. 

1,200  linear  feet  gabion  jetty,  at  $5.21 $6,252  00 

Riprap  apron  abound  jetty-heads 1,000  00 

30  percent,  contingencies 2,170  00 

9, 428  00 
If  built  entirely  of  riprap  they  wonld  cost  $24,000. 

d. — South  jetty. 

Extending  from  east  shore  of  Amelia  Island  in  a  northeasterly  direction,  a  length  of 
5,600  feet  on  line  F  G,  Plate  II.  Of  this  length  3,900  feet  may  be  built  with  gabions, 
and  1,700  feet  as  riprap  dam. 

3,900  feet  (linear)  gabion  jetty,  at  $10.42 $40,638  00 

2,600  feet  (linear)  spur  jetty,  at  $5.21 13,546  00 

103,360  cubic  yards  riprap,  at  $6 620,160  00 

30  per  cent,  contingencies 202,303  20 

876, 647  20 
Built  entirely  of  riprap  it  would  require — 

177,400  cubic  yards,  at  $6 $1,064,400  00 

30  per  cent,  contingencies 319,320  00 

1,383,720  00 

The  employment  of  stump  jetties  will  necessitate  dredging  on  the  bar,  amounting 
to  the  removal  of  680,000  cubic  yards  for  a  channel  of  20  feet  depth  at  low-water,  and 
300  feet  width  at  bottom. 

Dredging  680,000  cubic  yards,  at  25  cents $170,000  00 

First  cost  of  steam-dredge 75,000  00 

$7,500  or  10  per  cent,  of  first  cost  for  wear  and  tear,  and  $25,000  for  run- 
ning-expenses and  ordinary  repairs,  capitalized  at  5  per  cent 650, 000  00 

895,000  00 
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SUMMARY. 

A. — Mixed  system. 

North  stump  jetty $90,487  28 

Pelican  shoal,  re-enforced 97, 500  00 

Amelia  Island,  re-enforced 9,428  00 

Sbuthjetty 876,647  20 

Dredging 895,000  00 

Total 1,969,262  48 

B. — Entirely  of  riprap. 

North  stump  jetty $686,400  00 

Pelican  Shoal,  re-enforced 97,500  00 

Amelia  Inland,  re-enforced 24,000  00 

South  jetty 1,383,720  09 

Dredging 895,000  00 

3, 086, 620  00 

4.— DROWNED  FULL-LENGTH  JETTIES. 

a, — Xarth  jetty. 

Located  on  line  A  B  J,  Plate  II,  following,  more  or  less,  the  line  of  shoals  north  of 
Amelia  Basin.  Total  length,  four  miles.  Cumberland  Channel  to  be  left  open  to  a 
length  of  2,400  feet,  the  bed  being  re-enforced  with  riprap.  An  adjoining  length  of 
13^440  feet  may  be  built  of  a  single  row  of  gabions  6  feet  hi^h,  while  the  outer  one- 
mile  length  on  the  bar  should  be  riprap.  A  deflecting  jettv  is  also  thought  necessary 
at  the  mouth  of  Beach  Creek  to  eulde  the  ebb-flow  toward  the  deep  water  of  the  en- 
trance of  Cumberland  Sound.  Its  length  will  be  about  3,200  feet,  reaching  to  about  15 
feet  depth  at  low-water.  It  may  be  built  either  with  a  riprap  foundationi  and  a 
gabionage  on  top,  or  entirely  of  riprap. 

3,600  cubic  yards  riprap,  re-enforcing  Cumberland  Channel .*.  $21, 600  00 

13,440  linear  feet  gabion  jetty,  at  $5.21 70,022  40 

4,500  linear  feet  spur  jetty,  at  $5.21 23,445  00 

71,500  cubic  yards  riprap  for  outer  mile,  at  $6 429,000  00 

3,200  feet  deflecting  jettjr,  full  height,  at  $20 64,000  00 

30  per  cent,  contingencies 182,419  22 

790, 486  62 
Built  entirely  of  riprap  it  would  require — 

123,000  cubic  yards  for  main  jetty,  at$6 $738,000  00 

35,700  cubic  yards  for  deflecting  jetty,  at  $6 214,200  00 

30  per  cent,  contingencies 285,660  00 

1,237,860  00 
6. — South  jetty — {drowned. ) 

Located  on  line  C  Q  it  would  have  a  length  of  12,750  feet,  of  which  3,500  linear  feet 
may  be  built  of  gabions,  which  would  require  to  be  placed  in  one  tier  for  a  length  of 
2,300  feet,  and  in  two  tiers  for  a  length  of  1,200  feet.    The  outer  portion  should  be  rip- 
rap a  length  of  9,250  feet. 

2,300  linear  feet  gabion  jetty,  one  tier,  at  $5.21 ! $11, 983  00 

1 ,200  linear  feet  gabion  jetty,  two  tiers,  at  $10.42 12. 504  00 

1,800  linear  feet  spur  jetty,  at  $5.21 9,378  00 

126,000  cubic  yards  riprap,  at  $6 756,000  00 

30  per  cent,  contingencies 236,959  50 

1,026,824  50 
Built  entirely  of  riprap  there  would  be  required — 

152,000  cubic  yards,  at  $6 ^ $912,000  00 

30  per  cent,  contingencies 273,600  00 

1, 185, 600  00 
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SUMMARY. 

A.  Mixed  system,  part  gabion  and  part  riprap : 

North  jetty  and  minor  works 6790,48)  62 

South  jetty 1,026,824  50 

Total 1,817,311  12 

B.  Entirely  riprap : 

North  jettv  and  minor  works $1,237,860  00 

South  jetty 1,185,600  00 

Total 2,423,460  00 

5.— FULL-LENGTH  DROWNED  NORTH  JETTY  AND  PULL-HEIGHT  SOUTH  JETTY. 

a.  The  estimate  for  the  north  jetty  would  be  the  same  as  above. 

b.  The  south  jetty,  located  as  above,  will  have  a  length  of  13,350  feet  from  Amelia 
Island  to  the  outer  18-foot  curve.  About  3,000  feet  of  the  shore-end  may  be  built  of  a 
double-tier  gabionage,  the  balance  riprap. 

3,000  linear  feet  gabion  jetty,  at  $10.42 $31,260  00 

1,600  linear  feet  spur  jetty,  at  $5.21 8,336  00 

374,000  cubic  yards  riprap,  at  $6 2,244,000  00 

30  per  cent,  contingencies 685,079  00 

2, 968, 675  00 
Built  entirely  of  riprap  it  would  require — 

420,000  cubic  yards,  at  $6 $2,520,000  00 

30  per  cent,  contingencies 756,000  00 

Total 3,276,000  00 

SUMMARY. 

North  jetty,  gabion  and  riprap $790,486  62 

South  jetty,  gabion  and  riprap 2,968,675  00 

-Total 3,759,161  62 

North  jetty,  all  riprap $1,237,860  00 

South  jetty,  all  riprap 3,276, 000  00 

Total _ 4,513,860  00 

The  papers  sent  to  me  for  my  information,  consisting  of  official  reports, 
or  extracts  therefrom,  made  between  the  years  1839  and  1861,  are  for 
the  most  part,  and  with  a  single  exception,  discussions  from  a  military 
or  naval  point  of  view,  setting  forth  the  value  of  the  harbor  of  Fer- 
nandina  as  a  place  of  refuge  for  our  merchantment  in  time  of  maritime 
war,  or  as  a  site  for  a  military  or  naval  depot. 

The  necessity  of  protecting  it  by  fortifications,  in  order  that  it  may 
be  securely  available  for  such  purposes,  is  clearly  stated;  and  the  argu- 
ments employed  are  both  strong  and  familiar,  although  the  lapse  of  time 
has  deprived  some  of  them  of  their  original  pertinence  and  force. 

Ngne  of  them,  however,  recommend  or  contemplate  the  improvement 
of  the  harbor  or  its  channel  of  approach  by  artificial  means,  and  their 
relations  to  the  commercial  questions  suggested  by  the  Senate  resolu- 
tion are,  therefore,  in  a  great  degree  inferential. 

The  argument  based  upon  the  fitness  of  the  place  for  a  military  or 
naval  depot,  may  properly  be  left  in  Tabeyance  until  the  question  of  its 
selection  for  such  purpose  is  affirmatively  determined;  when  the  mag- 
nitude of  the  improvements,  should  any  be  necessary,  may  be  intjlli- 
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gently  adjusted  to  the  requirements  of  the  largest  class  of  vessels  that 
are  to  be  accommodated. 

Such  a  contingency  seems  unlikely  to  arise  with  respect  to  a  naval 
depot  at  least,  as  the  Government  already  owns  an  excellent  site  for 
such  an  establishment  in  Saint  Simon's  Sound,  less  than  30  miles  dis- 
tant. The  question  of  enlarging  its  channel  of  approach  in  order  to 
enhance  its  value  as  a  harbor  of  refuge  from  storms,  or  even  from  hostile 
men-of-war,  should  be  considered  in  connection  with  other  harbors  in 
Its  vicinity,  or  on  the  coast  of  Georgia.  The  late  Chief  Engineer  of  the 
Army,  General  Totten,  in  a  report  on  sea-coast  defenses  made  to  the 
Secretary  of  War  in  November,  1851,  referred  to  Fernandina  Harbor  as 
«*  the  best  and  deepest  of  tbese  Georgia  entrances; ''  an  opinion  which, 
like  some  of  those  advanced  in  the  papers  sent  to  me,  was  doubtless 
based  upon  partial  if  not  inaccurate  information.  The  completion  of  the 
surveys  of  the  principal  harbors  upon  that  portion  of  our  coast,  places 
an  estimate  upon  their  relative  value  somewhat  differing  from  that  enter- 
tained twenty-five  years  ago.  This  will  be  seen  by  reference  to  the  fol- 
lowing list,  arranged  in  regular  order  from  south  to  north.  It  has  been 
prepared  from  the  published  charts  of  the  Coast  Survey  establishment. 
The  depths  given  are  those  of  the  shoalest  part  of  the  channel  of  en- 
trance along  its  center  line  : 


Camberland  Sound,  Fernandiua  Harbor ;  ample  anchorage J  now* 

Saint  Andrew's  Soand,  Ilk  miles  from  Fernandina ;  good  anchorage 

Saint  Simon's  Sound,  28i  miles  from  Fernandina ;  ample  anchorage 

Altamaha  Sound,  42jf  miles  from  Fernandina ;  limited  anchorage 

Doboy  Sound,  47i  miles  from  Fernandina ;  ample  anchorage 

SapellLo  Sound,  62  mUes  from  Fernandina ;  ample  anchorage 

Saint  Catharine's  Sound,  73  miles  from  Fernandina ;  good  anchorage 

Ossabaw  Sound,  78  miles  from  Fernandina ;  ample  anchorage , 

Warsaw  Sound,  90  miles  from  Fernandina ;  ample  anchorage 

Savannah  River,  103  miles  from  Fernandina ;  ample  anchorage 


Mean 

Mean 

low-w^ater 

rise  and  fall 

depth. 

of  tide. 

Feet 

Feet. 

13? 
115 

5.9 

16 

7.1 

17 

6.8 

11 

7.0 

14 

7.0 

18 

6.6 

13 

7.3 

14 

♦         7.7 

14 

7.7 

184 

7.0 

The  practicable  depth  in  the  Fernandina  entrance  is  unusually  shal- 
low at  the  present  time,  owing  to  the  existence  of  a  narrow  secondary 
bar  lying  directly  across  the  bar-channel,  which  is  not  shown  on  any 
former  survey.  It  is  probably  only  a  temporary  obstruction,  which  wiil 
disappear  in  time  under  the  constant  changes  and  fluctuations  to  which 
the  bar  is  subjected.  Its  removal  to  a  low-water  depth  of  13  feet  with 
the  Government  dredging-steamer  now  employed  on  the  Savannah 
Kiver  would  not  cost  more  than  $10,000  to  $12,000 ;  but  it  would  prob- 
ably reform  as  often  as  removed  until  the  bar  assumed  such  shape  and 
the  currents  such  directions  as  would  remove  a  tendency  to  deposit  at 

that  point. 

There  are,  therefore,  not  less  than  six  harbors  on  the  Georgia  coast 
that  have  a  deeper  channel  of  entrance  than  Fernandina  usually  pos- 
sesses. 

Of  these  the  two  that  lie  nearest  to  Fernandina  (Saint  Andrew's,  17J 
miles,  and  Saint  Simon's,  28j  miles  distant)  have  bar-channels  that  are 
very  nearly  straight,  while  the  Fernandina  Bar  is  somewhat  difficult  to 
navigate,  especially  in  stormy  weather,  on  account  of  its   crooked 

entrance. 

As  a  harbor  of  refuge,  therefore,  whether  from  the  dangers  of  the  sea 
or  from  hostile  cruisers,  Fernandina  cannot  be  said  to  possess  any  great 
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or  special  advantages  on  acconnt  of  its  locality,  while  its  inferiority  in 
channel-depth  is  marked  and  positive. 

In  considering  the  commercial  importance  of  Fernandina  Harbor, 
present  and  prospective,  as  an  avenue  for  foreign  and  domestic  trade, 
the  questions  which  present  themselves  are  somewhat  more  problemat- 
ical than  those  already  referred  to.  An  estimate  of  the  magnitude  to 
which  its  commerce  wonld  grow,  provided  the  harbor  were  made  per- 
manently accessible  to  the  larger  class  of  ocean-going  vessels,  must  be 
largely  conjectural,  and  I  am  not  prepared  to  enter  upon  it  at  the  pres- 
ent time.  I  am  unable  to  discover  any  elements  of  commercial  superior- 
ity, plainly  attributable  to  the  position  of  the  place,  that  would  seem  to 
justify  the  General  Government  in  undertaking,  at  the  present  time,  the 
construction  of  costly  works  for  the  accommodation  of  a  trade  that  does 
not  exist,  and  which  cannot  be  expected  to  spriug  up  in  the  immediate 
future. 

A  statement  of  the  number,  tonnage,  and  crews  of  vessels  engaged  in 
the  foreign  and  coastwise  trade  which  entered  and  cleared  the  port  of 
Fernandina  from  the  year  1870  to  the  year  1874,  inclusive,  has  been 
furnished  to  me  by  the  collector  of  customs  of  that  port,  and  is  hereunto 
appended. 

An  appropriation  of  $12,000  is  recommended,  to  be  applied  to  deep-, 
ening  the  channel  across  the  bar  to  its  usual  depth  of  13  feet  at  mean 
low-water. 

Three  plates,  numbered  respectively  Plate  I,  Plate  If,  and  Plate  III, 
accompany  this  report. 

Very  respectfully,  your  obedient  servant, 

Q.  A.   GiLLMORE, 

Lieut  Col.  of  Engineers,  Bvt  Maj.  Gen.,  U.  8.  A. 
Brig.  Gen.  A.  A.  Humrhreys, 

Chief  of  Engineers,  U.  8.  A. 


ARRIVALS  AND  CLEARANCES  OF  VESSELS  AT  THE  PORT  OF  FERNANDINA,  FLA.,  FROM  1870 

TO  1874,  INCLUSIVE. 

Vessels  entered. 
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inside  passage  between  cumberland  sound  and  saint  simon's 

sound,  georgia. 

Dnited  States  EngineerOffice, 

New  York,  April  24, 1876. 

General  :  I  have  the  houor  to  acknowledge  the  receipt  of  a  letter 
from  the  office  of  the  Chief  of  Engioeers,  dated  March  23, 1876,  refer- 
ring to  me  for  report  the  following  resolntiou  of  the  Senate  of  the  United 

States,  viz : 

In  the  Senate  of  tub  United  States, 

March  16,  1876. 

Resolvedf  Tbat  the  Secretary  of  War  be,  and  is  hereby,  requested  to  communicate 
to  the  Senate  his  opinion  as  to  the  importance  and  practicability  of  deepening  the 
inside  passage  between  Cumberland  Sound  and  Saint  Simon's  Sound,  State  of  Georgia, 
with  estimates  of  the  probable  cost  of  such  improvements  in  connection  with  any  con- 
templated improvement  of  the  inside  passage  between  Feruandina  and  the  Saint 
John's  River. 
Attest : 

Geo.  C.  GomiAM, 

Secrttary, 

The  entire  length  of  this  passage  from  the  wharf  at  Fernandiua  to 
Saint  Simon's  Sound  may  be  estimated  at  38  miles,  and  comprises  the 
following  water-courses : 

Commencing  at  Fernandiua,  the  route  takes  the  lower  portion  of 
Amelia  River  to  the  mouth  of  Cumberland  Sound,  a  length  of  3  miles, 
with  a  wide  channel  and  water  deep  enough  for  any  class  of  vessels : 
thence  it  runs  up  Cumberland  Sound,  which  is  subdivided  at  several 
places  into  branches  by  mud  islands.  Up  to  the  ^^  Divides,"  or  head  of 
Cumberland  Sound,  the  main  channel  has  a  minimum  depth  of  13  feet  at 
low- water,  with  long  reaches  of  mo»e  than  20  feet  depth. 

*< Crooked  River"  discharges  into  the  sound  by  two  branches,  and  it 
is  at  the  mouth  of  the  northern  branch  that  the  tides  of  Cumberland 
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and  Saint  Andrew's  Soands  meet  and  cause  shoaling.  The  shoals  at 
this  point  will  have  to  be  removed  by  dredging,  which  operation  will  re- 
quire to  be  repeated  from  time  to  time.  The  '^  Divides "  are  9 J  miles 
from  the  entrance  of  Camberland  Sound. 

A  little  to  the  north  of  the  "  Divides  ^  the  sound  separates  into  two 
branches,  called  respectively  Cumberland  Biver  and  Brickhill  Biver. 
The  latter  has  comparatively^  good  water  in  its  channel- way,  varying 
from  10  to  36  feet,  with  shoals  of  from  6  to  7  feet  depth  at  mean  low- 
water.  It  is,  however,  narrow  and  tortuous.  Cumberland  River,  at  a 
distance  of  about  3^  miles  from  the  ^'  Divides,"  forms  a  bend  of  nearly 
90^;  thence  it  runs  in  a  nearly  straight  line  to  Saint  Andrew's  Sound, 
having  been  rejoined  by  the  Brickhill  Biver  about  3  miles  from  the 
bend.  The  shallowest  places  of  the  Cumberland  Biver  appear  in  the 
reach  from  the  "Divides"  to  the  bend,  where  the  proof-sheet  of  the  lat- 
est coast-chart  (No.  57)  indicates  depths  in  some  parts  of  the  channel- 
way  ranging  from  7  to  11  feet.  The  width  of  the  river,  between  high- 
water  shore-lines,  is  250  yards  at  the  narrowest  point. 

On  the  whole,  this  river  shows  good  depths,  from  14  feet  up  to  36  feet 
and  more,  the  deep  channel  being  rather  narrow,  however,  in  some 
places,  especially  in  the  southern  branch  of  the  bend. 

The  whole  length  of  the  inside  passage  between  Fernandina  and  Saint 
Andrew's  Sonnd  may  be  reckoned  at  26  miles.  On  the  greater  part  of 
this  length  it  is  sheltered  from  the  ocean  by  Cumberland  Island,  which 
is  upward  of  18  miles  long. 

From  Saint  Andrew's  Sound  the  passage  leads  through  Jekyl  Sound 
into  Jekyl  Creek,  with  depths  of  water  ranging  between  12  and  42  feet, 
to  within  1^  miles  of  its  junction  with  Brunswick  Biver.  The  width  of 
Jekyl  Biver  ranges  generally  from  400  to  600  yards,  except  in  the  last 
northern  reach,  where  it  narrows  to  from  90  to  100  yards.  This  reach 
would  require  dredging,  if  the  establishment  of  a  channel  of  6  feet  depth 
at  low- water  be  desired.  There  are  also  rather  extensive  shoals  at  the 
mouth  of  Jekyl  Creek ;  the  distance  from  that  mouth  to  the  nearest 
point  of  the  6-foot  curve  of  Brunswick  Biver  being  550  yards,  over 
which  the  low- water  depths  vary  from  2 A  to  6  feet. 

The  length  of  the  inside  passage  from  Saint  Andrew's  to  Saint  Simon's 
Sound,  by  way  of  Jekyl  Creek,  is  about  12  miles.  This  route  is  shut  off 
from  the  sea  by  Jekyl  Island,  which  has  a  length  of  nearly  8  miles  from 
south  to  north. 

To  obtain  a  chani\,el  from  Fernandina  to  Saint  Simon's  Sound,  that 
should  have  a  minimum  depth  at  mean  low-water  of  6  feet  and  a  width 
at  the  bottom  of  100  feet,  will  require  dredging  at  three  places : 

3 St.  At  the  *^ Divides"  at  the  head  of  Cumberland  Sound.  Amount 
of  dredging,  9,000  cubic  yards. 

2d.  Shoals  about  1  mile  south  of  the  junction  of  the  eastern  branch 
of  Jekyl  Creek  with  Brunswick  Biver.  Estimated  quantity  of  sand  to 
be  removed  by  dredging,  8,000  cubic  yards. 

3d.  The  mouth  of  Jekyl  Creek  and  the  channel  leading  across  the 
shoals  to  Brunswick  Biver  will  have  to  be  deepened  by  the  removal  of 
about  15,000  cubic  yards. 

ESTIMATE  OF  COST  OF  ESTABLISHING  CHANNEL. 

Dredging  9,000  cubic  yards  at  the  *'  Divides/'  at  25  cents  per  yard $2, 250 

Dredging  8,000  onbio  yards  near  month  of  Jekyl  Creek 2, 000 

Dredging  15,000  cnbic  yards  at  and  beyond  month  of  Jekyl  Creek 3, 750 

Twenty  per  cent,  for  contingencies 1,600 

Total 9,600 

Or  say 10,000 
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Dredging  will  probably  be  required  annaally  to  maintain  tlie  channel 
at  two  of  the  above-named  places,  viz,  at  the  ^'Divides,''  where  the 
meeting  of  the  tides  will  be  a  constant  cause  of  shoaling,  and  at  the 
month  of  Jekyl  Creek. 

Estimating  the  cost  of  annual  dredging  at  15  per  cent,  of  the  total  cost 
of  establishing  the  channel,  $1,500  per  annum  will  be  required,  one-half 
of  which  may  have  to  be  applied  at  the  **  Divides  "  and  the  other  half 
at  the  mouth  of  Jekyl  Creek. 

The  Senate  resolution  requires  this  question  to  be  considered  "  in 
connection  with  any  contemplated  improvement  of  the  inside  passage 
between  Fernandina  and  the  Saint  John's  Eiver."  It  is  presumed  that 
reference  is  here  made  to  the  project  submitted  by  me  June  14, 1875, 
in  which  estimates  were  given  for  a  channel  of  11  feet  and  for  one  of 
13  feet  depth  at  high- water,  as  follows : 

No.  1  chanDel,  125  feet  by  13  feet  high-water $370,000 

No.  2  channel,  1-25  feet  by  11  feet  high-water 265,000 

No.  3  channel,    80  feet  by  13  feet  high-water 225,000 

No.  4  channel,    80  feet  by  11  feet  high-water 160,000 

An  appropriation  of  $50,000  was  recommended  for  the  commence- 
ment of  work  on  channel  ^o.  4.    It  was  also  stated  that — 

After  the  construction  of  channel  No.  4,  and  after  it  shall  have  reached  a  condition 
of  permanency  in  its  amended  cross* sections,  it  will  be  time  enoagh  to  decide  whether 
it  shall  be  widened  without  deepening,  or  deepened  without  widening,  or  whether  it 
shall  be  both  widened  and  deepened. 

The  question  in  its  practical  results  would  probably  resolve  itself  into  a  channel 
about  100  feet  wide  and  13  feet  deep  at  ordinary  high- water,  as  the  one  of  .the  greatest 
self-maintaining  capacity. 

The  object  of  this  improvement  was  to  make  Fernandina  Harbor  the 
seaport  for  Saint  John's  Eiver,  and  thus  avoid  the  shallow,  dangerous, 
and  constantly-shifting  bar  which  obstructs  the  mouth  of  that  stream. 
'So  similar  argument  is  applicable  to  the  inside  passage  between  Fer- 
nandina and  Brunswick,  and  a  channel  that  will  accommodate,  without 
much  detention,  a  small  class  of  vessels  drawing  from  6  to  8  feet  of 
water  will  suffice,  at  least  for  the  present. 

An  appropriation  of  $10,000  is  recommended  to  be  applied  in  dredg- 
ing the  channel  to  a  minimum  low- water  depth  of  6  feet.  It^s  degree 
of  permanency,  when  once  established,  will  determine  whether  further 
appropriations  can  be  judiciously  made  for  its  maintenance  or  enlarge- 
ment. ^ 

Very  respectfully,  your  obedient  servant, 

Q.  A.  GiLLMOEE, 

Lieut  Cot  of  Engineers,  Bvt  2Iaj.  Gen ,  J7.  S.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  t7.  8,  A, 


H  8. 

brunswick  harbor,  georgia. 

United  States  Engineer  Office, 

New  YorlCy  April  29,  1876. 

General  :  I  have  the  honor  to  acknowledge  the  receipt  of  a  letter 
from  the  Office  of  the  Chief  of  Engineers,  dated  20th  instant,  referring 
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to  me,  for  report,  the  following  resolution  of  the  Senate  of  the  United 
States : 

IX  THE  SEXATB  of  THE   UNITED  STATES, 

April  18,  1876. 

Resolvedy  That  the  Secretary  of  War  be,  and  he  is  hereby,  directed  to  commnDicate 
to  the  Senate  all  information  now  in  possession  of  the  Department,  or  of  the  engineer 
in  charge  of  the  district  of  Greor^ia,  relating  to  the  importance  of  the  harbor  of  Bruns- 
wick, Ga.,  and  of  the  necessity  for  the  improvement  of  said  harbor. 
Attest : 

Geo.  C.  Gorham, 

Secretary. 

I  am  in  doabt  whether  the  information  in  my  possession  will  enable 
me  to  prepare  a  report  possessing  that  exhaustive  character  which  the 
phraseology  of  the  resolution  would  seem  to  require.  It  may,  however, 
be  sufficient  to  meet  the  objects  of  the  inquiry. 

The  harbor  of  Brunswick  is  situated  upon  the  coast  of  Georgia,  a 
little  to  the  northward  of  the  thirty-first  parallel  of  latitude.  The  main 
channel  of  entrance  from  the  ocean  lies  between  Saint  Simon's  and  Jekyl 
Islands,  which  are  a  trifle  over  1  mile  distant  from  each  other. 

Over  the  bar  which  obstructs  this  entrance,  and  which  is  caused  and 
maintained  by  the  combined  action  of  the  tidal  currents  and  waves,  and 
not  by  the  deposit  of  sediment  brought  down  from  the  interior,  there  is 
a  permanent  channel,  about  17  feet  deep  at  mean  low-water,  with  a 
medn  rise  and  fall  of  6.8  feet,  and  a  rise  and  fall  at  spring- tides  of  8.2 
feet.  The  anchorage-ground  inside  is  of  great  capacity,  with  low- water 
depths  largely  in  excess  of  what  would  be  required  for  the  largest  vessels 
ever  yet  constructed. 

In  the  channel-way  between  the  two  islands  already  named,  the  low- 
water  soundings,  for  a  distance  of  nearly  2  statute  miles,  exceed  7 
«fathoms,  and  above  this  5  fathoms  can  be  carried  for  an  additional 
stretch  of  2^  miles.  Three  and  a  half  fathoms  are  then  encountered  for 
a  distance  of  200  to  300  yards,  when  the  depths  again  increase  to  4 
fathoms,  which  can  be  carried  up  to  a  point  abreast  the  lower  end  of 
Biythe  Island,  a  distance  of  14  miles  from  the  bar,  measured  along  the 
channel. 

Above  the  lower  point  of  Biythe  Island,  for  a  length  of  4  miles,  there 
is  a  low-water  channel  of  19J  feet  depth,  while  18  feet  can  be  carried  up 
an  additional  mile  to  near  the  head  of  the  island.  The  largest  vessels  that 
can  cross  the  bar  on  the  high-water  of  spring-tides  can,  therefore,  ascend 
to  the  head  of  Biythe  Island,  and,  with  the  exception  of  a  few  localities, 
they  can  lie  at  anchor  in  the  main  channel  without  grounding  at  any 
stage  of  the  tide. 

Indeed,  the  anchorage  grounds  in  respect  to  their  depth,  their  capacity, 
and  their  degree  of  protection  from  the  effects  of  storms,  are  unexcep- 
tionab*le,  possessing  superior  advantages  to  those  of  any  harbor  upon 
our  coast  south  of  Hampton  Boads,  with  the  possible  exception  of  Fort 
Koyal  and  its  tributary.  Broad  Eiver.  There  is,  however,  1.7  feet  more 
water  upon  the  Port  Boyal  than  upon  the  Brunswick  Bar. 

As  compared  with  other  harbors  upon  our  southern  coast,  the  volume 
of  land-drainage  into  Brunswick  Harbor  is  small,  there  being  no  long 
fresh-water  streams  emptying  into  it  It  is,  indeed,  an  arm  of  the  sea, 
in  which  the  waters  of  the  ocean  ebb  and  flow.  The  climate  is  excep- 
tionally healthy  and  salubrious,  being  in  great  measure  free  from  that 
class  of  diseases  which  generally  prevail  near  the  mouths  of  large  rivers, 
where  the  river  and  sea  water  meet.  Its  mean  temperature  is  about 
67^  Fahrenheit,  while  the  thermometer  seldom  rises  above  94^  or  falls 
below  310. 
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In  compliance  with  a  reBolation  of  the  United  States  Senate  appoint- 
ing commissioners  '^  to  sarvey  and  examine  ports  south  of  the  Chesa- 
peake, with  a  view  to  their  comparative  facilities  and  advantages  for  the 
establishment  of  a  navy-yard,''  Commodores  Wolsey,  Claxton,  and  Shu- 
brick,  the  commissioners  under  the  above  resolution,  under  date  of 
December  20, 1836,  made  a  report  upon  the  harbors  of  Charleston,  S.  C, 
Beaufort,  S.  C.,  and  Savannah,  Darien,  Brunswick,  and  Saint  Mary's, 
(Fernandina,)  Ga.  The  commissioners  give  a  brief  summary  of  their 
opinions  in  the  following  language : 

■ 

The  nndersignedi  in  obedience  to  a  resolntion  of  the  Senate,  have  arrived  at  a  point 
where  they  are  directed  to  report  on  "  the  comparative  advantages  and  facilities  of 
ports  south  of  the  Chesapeake  for  the  establishment  of  a  navy-yard.''  Depth  of  water 
and  easv  access  being  objects  of  the  first  consideration,  they  are  of  opinion  that  the 
ports  of  Charleston,  Darien,  and  Saint  Mary's,  (Fernandina,)  being  deficient  in  depth 
of  water  to  permit  the  entrance  of  a  larger  ship  than  a  sloop  of  war,  are  nnfit  to  com- 
pete with  the  frigate-harbors  of  Beanfort,  Savannah,  and  Bmnswick.  The  preference 
IS  narrowed  down  to  one  of  these ;  and,  having  dnly  weighed  their  relative  preten- 
sions, we  have  no  hesitation  in  preferring  Brnnswick.  Beaufort  mnst  yield  to  her  in 
the  essential  points  of  depth  of  water,  easy  access,  and  capability  of  defense.  Savan- 
nah must  give  way,  for  her  easier  access  and  greater  depth  of  water  on  the  bar  cannot 
be  carried  up  the  river  to  a  site  safe  from  the  sea  and  an  enemy,  and  applicable  to  the 
establishment  of  a  navy-yard. 

If  a  friffate  could  but  reach  Cockspur  Island,  the  opidion  expressed  in  favor  of 
Brunswick  might  be  recalled. 

Brunswick  is  the  most  southern  frigate-harbor  on  the  Atlantic  seaboard.  Placed 
near  the  great  outlet  of  the  commerce  of  the  West  Indies  and  Gulf  of  Mexico,  her  posi- 
tion in  a  state  of  maritime  warfare  would  be  invaluable,  since  the  navigating-interests 
of  an  enemy  must  pass  by  her  door. 

Subsequently  to  the  date  of  this  report,  in  1855  I  think,  Congress 
made  an  appropriation  for  the  establishment  of  a  naval  depot  in  Bruns- 
wick Harbor,  and  a  portion  of  the  Blythe  Island  (1,400  acres)  was  pur-^ 
chased  for  that  purposa  From  the  great  depths  of  water  along  the* 
shore  of  this  island,  and  the  well-known  healthfulness  of  the  locality, 
the  site  would  seem  to  be  an  eligible  one.  It  is  now  covered  with  live- 
oak  and  yellow  pine. 

Brunswick  is  the  terminus  of  two  completed  lines  of  railroad,  one 
leading  northwest  to  Macon  and  Atlanta,  with  good  connections  to  the 
north  and  west ;  the  other  leading  west  across  the  State  of  Georgia, 
and  connecting  with  the  roads  in  Alabama  to  the  west* 

It  is  the  natural  shipping-port  for  the  proposed  water-communication 
between  the  Mississippi  Eiver  and  the  Atlantic  seaboard  by  way  of  the 
Tennessee  and  the  Altamaha  Bivers,  and  was  adopted  as  such  in  the  re- 
ports and  estimates  made  by  Major  McFarland,  Corps  of  Engineers, 
who  states  that  the  distance  from  Saint  Louis  to  Brunswick  by  that 
route  is  1,508  miles  by  careful  measurement.  Major  McFarland  also 
says: 

The  distance  from  Saint  Louis  to  New  York  by  w*ay  of  the  Illinois  and  Michigan  and 
Erie  Canals  is  1,960  miles ;  and  by  way  of  the  Portsmouth,  Ohio,  and  Erie  Canals  it 
is  1,813  miles.  These  two  distances  are  taken  from  the  "  Report  of  the  committee  of 
the  National  Board  of  Trade  on  a  continuous  water-line  of  transportation  through 
Virginia,"  printed  at  Richmond,  Va.,  in  1869, 

The  difference  of  distance  in  favor  of  the  Bmnswick  route  to  a  port  is  305  miles, 
about  one-sixth  of  the  whole  distance  to  New  York,  and  as  the  saving  in  distance  is 
entirely  by  river,  over  which  the  actual  cost  of  transporting  freight  is  about  3  mills 
per  ton  per  mile,  the  saving  of  cost  from  this  cause  alone  equals  91^  cents  per  ton. 

Three  transfers  of  cargo  are  saved,  which  amounts  to  30  cents  a  ton  more,  and  as 
the^  Ohio  route  includes  about  300  miles  more  of  canal  than  the  Brunswick  route,  over 
which  the  difference  of  cost  of  transportation  is  not  lees  than  2  mills  per  ton  per  mile, 
60  cents,  the  total  saving  in  cost  by  the  Brunswick  route  is  $1,811  per  ton,  or  about  5^ 
cents  per  bushel. 
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The  town  of  Brunswick  is  situated  aboat  8  miles  above  the  narrows 
formed  by  Saint  Simon's  and  Jekyl  Islands,  npon  a  branch  of  the  main 
stream  which  flows  aronnd  Buzzard's  Island.  In  this  branch,  near  its 
lower  confluence  with  the  main  channel,  and  below  the  town,  there  is  a 
shoal  upon  which  there  is  only  10  feet  soundings  at  mean  low-water, 
which  ought  to  be  removed.  This  could  probably  be  accomplished  by 
constructing  a  jetty  irom  the  most  easterly  point  of  Buzzard's  Island, 
so  located  as  to  narrow  the  water-way  to  about  1,000  feet.  Its  direction 
should  be  parallel  to  the  low-water  line  of  the  opposite  shore  of  the 
branch,  and  its  crest  should  not  be  placed  higher  than  the  level  of  ordi- 
nary low-water,  in  order  that  the  entrance  of  the  flood  may  be  obstructed 
as  little  as  possible. 

ESTniATED  COST  OF  JETTY. 

A  jetty,  located  as  shown  on  sketch,  running  out  to  the  18-foot  curve, 
will  have  a  length  of  about  3,400  feet.  Applying  to  its  construction  the 
gabion  system  as  practiced  at  Galveston,  Tex.,  about  1,600  feet  of  its 
length  will  require  but  a  single  tier  of  gabions,  1,500  feet  a  double  tier, 
and  300  feet  a  triple  tier,  provided  that  the  crest  of  the  jetty  is  made 
about  level  with  th^low-water  line.  In  estimating  the  cost,  it  is  assumed 
that  in  either  tier  only  a  single  row  of  gabions  is  required,  expecting 
that  by  the  time  a  second  tier  is  necessary  on  top  of  a  bottom  tier 
enough  sand  will  have  accumulated  in  rear  of  the  latter  to  do  away  with 
the  necessity  of  a  double  row  of  gabions  at  the  bottom.  To  prevent 
under-washing,  a  number  of  short  spur  or  wing  jetties  in  single  tiers 
may  be  necessary,  the  aggregate  length  of  which  is  reckoned  at  1,800 
feet. 

At  Galveston,  the  cost  of  one  linear  foot  of  single-tier  gabions,  in 
place,  was  found  to  be  $5.42.  For  the  jetty  under  consideration  it  will 
be  safer  to  raise  the  price  to  $6,  and  to  put  the  contingencies  at  30  per 
cent.    The  cost  will  then  be  as  follows : 

1,600  linear  foet  gabion-Jetty,  single  tier,  at  ^ $9,600 

1,500  linear  feet  Rabion-ietty,  doable  tier,  at  |12 18,000 

300  linear  feet  gabion-jetty,  triple  tier,  at  $lti 5,400 

1,800  linear  feet,  spnr-jetty,  single  tier,  at  $6 10,800 

Add  30  per  cent,  for  contingencies 13,200 

Total t 57,000 

ESTIMATEIt  COST  OF  DEEDOINa,  THE  JETTY  BEING  OMITTED. 

If  a  channel  be  cnt  through  the  10-foot  shoal  100  feet  wide  at  bottom 
and  15  feet  deep  at  mean  low-water,  vessels  drawing  over  21  feet  can 
pass  throagh  at  high  tide  and  reach  the  deep  anchorage  near  the  city. 
At  25  cents  per  cubic  yard  of  dredging,  the  cost  will  be — 

For  50,000  cubic  yards,  at  25  cents  per  yard $12,500 

Add  20  per  cent,  for  contingeocies 2,500 

Annual  dredging,  15  per  cent,  of  the  above,  capitalized  at  the  rate  of  5  per  cent .    37, 500 

Total 52,500 

It  cannot  be  determined,  from  the  information  in  my  possession  with 
regard  to  the  materials  composing  the  shoal  and  the  existing  velocity  of 
the  ebb-current,  whether  the  increased  scour  produced  by  the  jetty 
would  be  sufficient  to  remove  the  shoal  without  recourse  to  dredging. 
No  dredging  is  included  in  the  foregoing  estimate  for  a  jetty. 

An  appropriation  of  $25,000  is  recommended  for  this  work. 
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Statistics  of  the  commerce  of  the  port  of  Brunswick  from  1870  to 
1774,  inclusive,  are  appended,  marked  "A." 

Very  respectfully,  your  obedient  servant, 

Q.  A.  GiLLMOBE, 

Lieut  Col  of  Engineers^  Bvi.  Maj.  Oen.j  U.  8.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


APPENDIX  A. 

Siatiaiics  of  foreign  and  coastwise  trade  of  port  of  Brunswick,  Ga,,for  the  years  1870  to  1874, 

incltisive. 


Year. 


1870 
1871 
1872 
1873 
1874 


BKTERED. 


Foreign. 


«M 


B 


45 
13 
SI 
39 
50 


a 

a 
o 

H 


CLEAB£D. 


Coastwise. 


25,200 
13,200 
20,000 
18,900 
21, 500 


5§" 


80 
146 
226 
286 
304 


I 

a 


19,000 
44,000 
61,400 
77,400 
77,800 


5 

u 

o 

<M 

o 

• 

e 

2 

•1 

S 

1217, 000 

$112,000 

186,500 

86,000 

5,600 

1.219 

11.200 

2.240 

6,000 

800 

9 


93 


o 
s 


$232,000 
398,000 
480,000 
571,000 
691,000 


APPENDIX   I. 

ANT^TJAL  REPORT  OF  CAPTAIN  A.  1^.  DAMRELL,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30,  1876. 

United  States  ENaiNEEE  Office, 

Mobile^  AZa.,  July  14, 1876. 

General  :  I  have  the  honor  of  transmitting  herewith  annual  reports 
of  operations,  with  financial  statements,  for  the  year  1875-76,  for  the 
river  and  harbor  improvements  under  ray  charge.' 
Very  respectfully,  your  obedient  servant, 

A.  N.  Dambell, 
Captain  of  Engineers^  U.  8.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A, 


I  I, 


IMPROVING  HARBOR  AT  MOBILE,  ALABAMA. 

This  improvement  was  continued  during  the  past  fiscal  year  in  accord- 
ance with  the  original  plans  and  instructions  furnished  by  a  special  Board 
of  Engineers,  approved  by  the  Chief  of  Engineers,  modified  by  authority 
from  the  Chief  of  Engineers  by  letter  dated  April  25, 1875,  in  regard  to 
the  widening  of  Cboctaw  Pass  Channel  from  200  feet  to  300  feet. 

The  work  in  the  channel  through  Dog  River  Bar  was  carried  on  under 


REPORT  OF  THE  CHIEF  OF  ENGINEERS.         491 

an  unexpired  contract  with  Mr.  J.  P.  Stewart,  and  an  unexpended  bal- 
ance of  an  appropriation  of  $100,000  made  by  act  of  Congress  approved 
June  23, 1874.  During  the  month  of  February,  1876,  this  channel  was 
completed  to  its  full  width  of  200  feet,  with  a  depth  of  13  feet  at  mean 
low  tide,  and  operations  on  this  bar  were  suspended. 

The  amount  of  material  removed  from  this  channel  duriug  the  year  is 
as  follows : 

Cubic  yards. 

Month  of  July,  1875 20,818 

Month  of  Augu8t,1875 22,761 

MoDth  of  September,  1875 14,524 

Month  of  October,  1875 14,878 

Month  of  No vember,  1875 : 24,105 

Month  of  December,  1875 6,689 

Month  of  January,  1876 25, 345 

Month  of  February,  1876 5,573 

Making  a  total  for  the  year  of 134,693 

Total  previously  excavated 912,889 

Giving  the  amount  of 1,047,582 

removed  by  the  United  States  Engineer  Department  from  Dog  River  Bar  Channel. 

Up  to  this  date  this  channel  has  remained  unchanged;  the  time  since 
its  completion,  however,  has  been  very  short,  and  at  present  no  reliable 
opinion  can  be  formed  as  to  its  permanency.  From  observations  made 
so  far,  it  is  reasonable  to  assume  that  for  a  number  of  years  no  dredging 
will  be  required  in  this  channel. 

As  stated  in  my  last  annual  report,  an  appropriation  of  $26,000  was 
made  by  act  of  Congress  approved  March  3, 1875,  and  the  project  of 
applying  this  appropriation  to  the  widening  of  Choctaw  Pass  Channel 
from"  200  feet  to  300  feet  was  approved  by  the  Chief  of  Engineers,  by 
letter  dated  April  28, 1875.  Under  authority  from  the  Secretary  of  War 
dated  May  3, 1875,  advertisements  for  proposals  for  this  work  were  pub- 
lished, dated  May  7,  1875.  On  June  26, 1875,  five  bids  were  received 
and  forwarded ;  and  by  letter  from  the  Chief  of  Engineers  dated  July 
20,  1875,  the  contract  was  awarded  to  Mr.  S.  K  Kimball,  he  being  the 
lowest  responsible  bidder,  at  17  cents  per  cubic  yard.  By  the  terms  of 
this  contract  dredging  was  to  be  commenced  on  or  before  November  30, 

1875,  and  the  contract  completed  June  15, 1876. 

Apparently,  ample  time  was  specified  in  the  contract  for  completing 
the  work,  had  not  the  rise  in  the  river  and  consequent  increased  lateral 
current  at  Choctaw  Pass  compelled  me  to  repeatedly  suspend' the  work, 
to  prevent  the  channel  previously  dug  from  being  filled  up  by  the  sand 
stirred  up  by  the  working  of  the  dredge. 

Mr.  S.  N.  Kimball,  the  contractor,  being  aware  that  under  the  circum- 
stances he  would  not  be  able  to  complete  his  contract  by  the  time  speci- 
fied, made  application  for  an  extension  of  his  contract  until  September 
15, 1876. 

This  letter,  with  my  recommendation,  being  forwarded  to  the  Chief  of 
Engineers  April  13, 1876,  the  application  was  approved,  and  the  time 
for  the  completion  of  his  contract  was  extended  to  September  15, 1876, 
by  letter  from  the  Chief  of  Engineers  dated  April  19, 1876.  Since  April 
work  has  been  steadily  carried  on,  and  it  is  now  expected  that  the  widen- 
ing of  Choctaw  Pass  Channel  to  300  feet  will  be  completed  in  August, 

1876.  Eighty-five  thousand  eight  hundred  and  eighty-two  cubic  yards 
of  material  were  excavated  from  this  channel  during  the  year.  During 
last  winter's  freshets  a  number  of  sunken  logs  were  deposited  in  the 
channel ;  and,  before  they  could  be  removed,  caused  some  filling  in  near 
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its  northern  end,  considerably  increasing  the  amount  of  material  to  be 
removed.    The  estimate  for  the  completion  of  this  improvement  is — 

40,000  cubic  yards  dredgiDg^at  17  c^nts $6,801 

Dne  on  contract 1,459 

Engineering  and  office  esspenses 1,500 

9,760 

The  fands  available  July  1, 1876,  are  deemed  sufficient  for  the  com- 
pletion of  the  improvement,  and  no  appropriation  is  asked  for. 

Mobile  Harbor  is  situated  in  the  collection-district  of  Mobile,  and  Mobile  is  the  port 
of  entry. 

The  foUowing  statement  of  the  commerce  of  this  port  has  been  furnished  me  by  the 
collector : 

The  number  of  vessels  entered  during  the  year  is  232,  with  a  tonnage  of  118,917 ; 
number  cleared  is  231,  with  a  tonnage  of  118,740.  The  total  value  of  exports  of  domes- 
tic produce  is  $15,156,224 ;  value  of  imports,  $1,611,020. 

Money  statement. 

Amount  available  July  1, 1875 $71,437  39 

Amount  expended  during  fiscal  year  ending  June  30, 1S76 55, 171  56 

Amount  available  July  1,1876 16,265  ^?3 


I   2. 

IMPROVING  HARBOR  OF  CEDAR  KEYS.  FLORIDA. 

The  survey  of  this  harbor  was  made  in  1872,  and  by  act  of  Congress 
approved  June  10,  1872,  $7,500  were  appropriated  to  commence  the 
improvement. 

Proposals  for  dredging  under  this  appropriation  were  advertised  for, 
and  by  letter  from  the  Chief  of  Engineers,  dated  September  12, 1874, 
the  contract  was  awarded  to  Mr.  James  E.  Slaughter,  at  99  cents  per 
cubic  yard.  Dredging  was  commenced  in  May,  1875,  and  continued 
until  June  11, 1875,  when  the  appropriation  was  exhausted  after  exca- 
vating 6,691  cubic  yards  of  material  from  a  cut  60  feet  wide,  1,350  feet 
long,  and  12  feet  deep  at  mean  low  tide,  commencing  at  the  12-foot 
curve  outside  the  bar  and  extending  to  within  200  feet  of  the  bar-buoy. 

By  act  of  Congress  approved  March  3,  1875,  an  appropriation  of 
$1,500  was  made  to  continue  the  improvement  of  this  harbor.  The 
project  of  expending  this  appropriation  in  completing  the  dredging  of  a 
channel  100  feet  wide  and  12  feet  deep  at  mean  low  tide,  through  the 
outer  bar,  having  been  approved  by  the  Chief  of  Engineers,  proposals 
for  bids  were  published,  and  4  bids  received  and  forwarded  to  the 
Chief  of  Engineers  June  26, 1875.    (See  Report  for  1875,  vol.  2,  page  8.) 

By  letter  from  the  Chief  of  Engineers  dated  July  20, 1875,  the  con- 
tract was  awarded  to  Mr.  James  E.  Slaughter,  at  59^  cents  per  cubic 
yard.  On  July  26  the  contract  was  signed  aud  executed  by  him,  and 
on  August  11, 1875,  dredging  was  resumed  and  continued  until  the  3d 
of  December,  1675,  when  the  cut  through  the  outer  bar  100  feet  wide 
from  the  12-foot  curve  outside  to  the  12-foot  curve  inside  was  completed, 
and  the  appropriation  being  exhausted,  work  was  suspended. 

The  amount  of  material  excavated  under  this  contract  is  as  follows : 
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Cubic  yardi. 

August,  1875 4,265 

September,  1875 4,234 

October,  1875 8,201 

November,  1875 6,251 

December,  1875 1,094 

Making  a  total  for  the  year 24,045 

AmouDt  excavated  previously 6,691 

Giving  a  total  of 30,736 

cubic  yards  excavated  from  the  chanuel  through  the  outer  bar. 

From  late  information  received,  this  channel  has  retained  its  original 
depth  of  12  feet  at  mean  low  tide ;  it  is,  however,  too  narrow  to  answer 
the  reqairements  of  the  commerce  of  the  port,  and  shoald  the  appro- 
priation asked  for  be  made  by  Congress,  it  is  proposed  to  apply  the 
same — 

1st.  To  the  widening  of  the  channel  through  the  outer  bar  to  the 
width  of  200  feet. 

2d.  To  widening  and  deepening  the  channel  inside  Sea-Horse  Key. 

3d.  To  widening  and  deepening  the  channel  at  the  bend  between 
Depot  Key  and  Harbor  or  Grassy  Key. 

Original  estimated  cost  of  work $133,500 

Whole  amount  appropriated  for  this  project 22, 500 

Appropriation  asked  for  fiscal  year  ending  June  30, 1878 50, 000 

Money  statement. 

Amount  available  July  1, 1875 $15,343  62 

Amount  expended  during  fiscal  year  ending  June  30, 1876 15, 338  67 

Amount  available  July  1, 1876 4  95 

Amount  appropriated  by  act  approved  August  14,  1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 101, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  lb78.    50, 000  00 


I  3. 

IMPROVEMENT  OF  CHOCTAWHATCHEE   RIVER,  ALABAMA  AND  FLORIDA. 

At  the  beginning  of  this  fiscal  year  the  work  of  improving  thisriver 
was  carried  on  nnder  an  unexpended  balance  of  the  appropriation  of 
•$5,000  made  by  act  of  Congress  approved  March  3, 1875,  and  was  con- 
tinued antil  September  15, 1875,  when,  for  want  of  farther  funds,  opera- 
tions had  to  be  suspended.  The  work  was  mainly  confined  to  the  re- 
moval of  snags,  stumps,  and  overhanging  trees,  a  large  number  of  which 
were  palled,  cat,  and  removed  from  the  river.  A  channel  about  3  feet 
<leep  at  low-water  has  been  attained  from  the  mouth  of  the  liver  to 
Buzzard  Bar,  about  15  miles  below  Geneva,  at  which  point  the  work 
had  to  be  suspended. 

A  wagon-road  around  this  bar  was,  however,  previously  cut  through 
the  woods  to  facilitate  the  transfer  of  freight  at  that  point.  The  im- 
provement of  Buzzard  Bar,  the  dredging  of  loose  rock  and  gravel  from 
isome  of  the  upper  shoals  and  bars,  the  removal  of  some  steamboat- 
wrecks,  and  the  snagging  and  clearing  of  15  miles  of  the  river  still  re- 
main to  be  done  before  light-draught  boats  can  ascend  to  Geneva  dur- 
ing low-water.  It  is  proposed  to  resume  work  on  this  river  as  soon  as 
an  appropriation  is  made  by  Congress. 

Original  estimated  oost  of  this  work  as  now  being  carried  on $34,332 

Whole  amount  appropriated  since  the  adoption  of  the  present  project 10,000 

An  appropriation  is  asked  for  the  fiscal  year  ending  Jnne  30, 1878,  of 25,000 
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Money  statement. 

Amount  available  July  1, 1875 $3,297  30 

Amount  expended  during  the  fiscal  year  ending  June  30, 1876 3, 012  37 

Amount  available  July  1, 1876 264  93 

Amount  appropriated  by  act  approved  August  14 ,  1876 5, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 19, 3^)2  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878    20, 000  00 


I    4. 
IMPROVEMENT  OF  APALACHICOLA  RIVER,  FLORIDA. 

An  appropriation  of  $10,000  for  the  improvement  of  this  river  was 
made  by  act  of  Congress  approved  June  23, 1874. 

At  the  close  of  the  previous  fiscal  year  the  snag-boat  Clara  Dunning 
was  engaged  on  the  improvement  of  Mocassin  Slough,  which  had  been 
partly  accomplished  during  that  year,  and  after  continuing  the  work 
through  the  months  of  July  and  August,  1875,  during  which  time  108 
snags  and  sunken  logs  were  pulled  out,  over  100  overhanging  trees 
cut  and  removed,  and  1,831  cubic  yards  of  earth  excavated  to  straighten 
the  channel  at  the  junction  of  the  river  with  the  slough,  the  snag-boat 
was  moved  on  the  Chattahoochee  Eiver,  and  work  on  the  Apalachicola 
suspended,  a  navigable  channel  for  boats  drawing  5  feet  having  lieen 
attained  from  its  mouth  to  the  junction  of  Chattahoochee  and  Flint 
rivers. 

During  the  last  freshet  a  large  raft  of  logs  lodged  near  the  junction 
of  Mocassin  Slough  and  Styx  River,  seriously  obstructing  navigation. 
In  the  month  of  June,  1876,  this  raft  was  removed,  and  at  the  close  of 
this  year  the  river  is  again  in  fair  navigable  condition.  A  considerable 
amount  of  work,  however,  remains  to  be  done  in  straightening  the 
channel  through  Mocassin  Slough  and  Styx  River  to  prevent  the  lodg- 
ing of  raftS'^nd  logs  in  future  in  the  short  bends  still  existing. 

It  is  contemplated  to  continue  the  improvement  of  this  river  during 
next  year  by  straightening  its  channel  through  Mocassin  Slough  and 
Styx  River. 

The  unexpended  balance  of  former  appropriations,  with  the  amount 
asked  for  next  fiscal  year,  is  deemed  sufiicient  to  complete  the  work, 
and  no  appropriation  is  asked  for  fiscal  year  ending  June  30, 1878. 

Appropriation  asked  for  fiscal  year  ending  June  30,  1877 810,000 

Origi  nal  estimated  cost  of  the  work  as  being  now  carried  on 80,000 

The  whole  amount  appropriated  since  the  adoption  of  the  present  project 20,000 

Money  statement. 

Amount  available  July  1,  1875 813,225  61 

Amount  expended  during  fiscal  year  ending  June  30,  1876 4,670  11 

Amount  available  July  1,  1876 8,550  50 

Amount  (estimated)  required  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  10, 000  00 


I5- 

IMPROVEMENT  OF  CHATTAHOOCHEE  AKD  FLINT  RIVERS,  GEORGIA. 

By  act  of  Congress  approved  March  3,  1875,  $25,000  were  appropri- 
atid  for  the  improvement  of  these  rivers,  making  the  amount  available- 
fo:  the  continuation  of  the  work  during  the  year  $36,582.62. 
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CHATTAHOOCHEE  RIVER. 

As  Stated  in  my  last  annnal  report,  work  on  this  river  had  to  be  sus- 
pended as  early  as  December,  1874,  on  account  of  a  high  freshet,  and 
could  not  be  resumed  until  the  latter  part  of  August,  1875.  During  the 
freshet  a  few  land-slides  occurred,  interfering  seriously  with  navigation, 
and,  as  soon  as  the  stage  of  the  water  permitted,  snags  and  trees  carried 
in  the  channel  by  these  slides  were  removed,  and  the  improvement  of 
Wolfox  Bar,  commenadd  during  the  previous  year,  was  resumed. 

A  careful  examination  of  this  bar,  after  the  freshets,  evinced  the 
facts  that  the  jetty  constructed  during  the  previous  year  had  in  some 
measure  produced  the  desired  eflfect  of  deepening  the  channel ;  it  had, 
however,  created  a  considerable  abrasion  of  the  opposite  shore,  (Georgia 
side,)  and  a  tendency  to  form  a  new  shoal  below  the  bar  was  also  ob- 
served. 

To  prevent  these  injurious  effects  and  make  this  improvement  perma- 
nent, 380  feet  of  breakwater  were  constructed  along  the  Georgia  shore 
to  prevent  further  washing,  and  a  jetty  200  feet  long  was  thrown  out 
below  this  to  prevent  the  formation  of  a  new  shoal  at  that  point.  The 
jetty  above  the  bar,  on  Alabama  side  of  the  river,  was  then  extended 
235  feet  inshore  to  high-water  mark  to  prevent  the  river  from  washing 
behind  it  during  freshets.  Before  the  completion  of  the  latter  work 
(some  filling-in  with  rock  and  gravel  remaining  to  be  done)  a  sudden 
rise  in  the  rirer  compelled  a  suspension  of  further  operations  during  the 
season. 

This  freshet  continued  until  May,  1876,  during  which  month  the  water 
fell  sufficiently  to  justify  the  resumption  of  work  on  this  improvement. 
Necessary  repairs  to  the  snag-boat  were  at  once  made,  and  to  the  close 
of  the  year  this  boat  was  employed  in  removing  trees  and  snags  left  in 
the  channel  by  the  receding  waters. 

It  is  proposed  to  confine  operations  on  this  river  to  the  improvement 
of  bars  and  shoals  between  Eufaula,  Ala.,  and  Columbus,  Ga.,  during 
the  fiscal  year. 

FLINT  RIVER. 

All  snags,  logs,  and  overhanging  trees  interfering  with  navigation 
on  this  river  from  its  mouth  to  Bainbridge,  Ga.,  were  removed  by  the 
snag-boat  during  the  year.  It  becoming  evident  that  it  was  impossible 
to  prosecute  the  work  on  the  many  rocky  bars  and  shoals  in  this  river 
with  the  snag-boat  during  the  low  stage  of  the  water,  two  light-draught 
flat-boats  have  been  constructed  for  the  accommodation  of  the  working- 
party,  which  will  be  fitted  out  with  necessary  blasting  and  hoisting  ap- 
paratus. 

It  is  proposed  to  prosecute  the  improvement  in  this  river,  by  blasting 
and  removing  rocks  from  the  channel  over  the  bars  and  shoals,  from  its 
month  to  Bainbridge,  Ga.,  during  the  next  fiscal  year. 

Appropriation  asked  for  for  fiscal  year  ending  June  30, 1878 $50, 000 

Origi  nal  estimated  cost  of  the  work  as  now  being  carried  on 330, 000 

Whole  amount  appropriated  since  the  adoption  ot  the  present  project 50, 000 

Money  statement 

Amount  available  July  1, 1875 fi36, 582  62 

Amount  expended  during  fiscal  year  ending  June  30, 1876 8, 979  56 

Amount  available  July  1, 1876 27,603  06 

Amount  appropriated  by  act  approved  August  14, 1876 20, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 260,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     50, 000  00 
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I  6. 
IMPROVEMENT  OF  BLACK  WARRIOR  A^D  TOMBIGBEE  RIVERS;  AT.ARAMA 

Under  an  appropriation  of  $25,000  made  by  act  of  Oongress  approved 
March  3, 1875,  and  in  accordance  with  the  project  sabmitted  by  me  for 
the  prosecution  of  this  improvement  of  these  rivers,  and  approved  by 
the  Chief  of  Engineers,  the  work  was  commenced  during  July,  1875. 

On  account  of  the  difiQcnlty  encountered  in  obtaining  necessary  ma- 
terials, the  construction  of  the  boats  required  for  the  prosecution  of  the 
work  was  considerably  delayed.  A  small  force  was,  however,  employed 
at  Tuscaloosa  Landing  blasting  and  removing  rocks  and  constructing 
dams  for  the  removal  of  some  sand-bars  above  and  below  the  landing. 
In  the  middle  of  August  the  first  flat-boat  and  tender  were  completed, 
and  work  at  Eagle  Bar,  below  Tuscaloosa,  was  commenced.  Three 
more  flat-boats,  with  tenders,  were  bailt  successively,  and  put  on  the 
work  as  fast  as  they  could  be  equipped  and  manned,  and  by  October  4 
a  full  force  of  100  men  were  employed.  Three  of  these  boats,  with  their 
tenders,  were  engaged  on  the  bars  and  shoals  in  constructing  the  works 
required  for  their  improvement,  while  the  fourth,  which  had  been  fitted 
up  as  a  snag-boat,  was  pushing  its  way  down  the  river,  removing  snags, 
sunken  logs,  and  overhanging  trees  as  it  advanced. 

During  the  months  of  September  and  October,  sickness  prevailed  to 
such  extent  among  the  men  that  one-fourth  to  one-third  of  them  were 
constantly  on  the  sick-list,  and  in  November,  when  the  whole  force  was 
in  good  working-condition,  winter  rains  began  to  set  in,  and  by  the  26th 
of  that  month  the  river  had  risen  to  such  a  height  that  work  had  to  be 
suspended,  the  men  discharged,  and  the  boats  laid  up  in  a  safe  place  for 
the  winter,  thus  reducing  the  season's  work  (which  is  generally  estimated 
at  six)  to  less  than  three  months'  full  work. 

On  rivers  like  the  Black  Warrior  and  Tombigbee,  whose  bottom  and 
shores  are  principally  formed  of  materials  easily  moved  by  the  current, 
shoals  and  bars  are  usually  found  where  the  river,  by  the  washing  of 
Its  shores,  has  attained  an  unusual  width,  or  in  some  instances  where  an 
accumulation  of  sunken  logs  interferes  with  the  free  flow  of  the  water. 

The  general  plan  adopted  in  this  improvement  was,  1st,  the  removal 
of  all  snags  and  sunken  logs ;  2d,  the  construction  of  jetties  and  paral- 
lels to  contract  the  width  of  the  river,  and,  3d,  in  protecting  the  shores, 
where  necessary  to  prevent  futher  abrasion.  The  removal  of  snags  and 
sunken  logs  was  accomplished  by  the  snag-boat,  which,  however,  has 
proved  too  light  for  the  heavy  strains  to  which  she  had  to  be  subjected, 
and  a  stronger  boat  is  being  built  for  next  season's  woFk.  Jetties  and 
other  works  were  constructed  with  the  forces  on  the  three  other  boats 
and  their  tenders,  which  latter  were  supplied  with  small  pile-drivers. 

The  method  selected  for  building  jetties  and  parallels  was  to  drive 
piles  4  feet  apart,  in  two  rows,  with  3  feet  space  between  them ;  to  fill  in 
this  space  with  closely-packed  brush  to  4  to  6  feet  above  low- water;  to 
cap  the  piles  crosswise  tolceep  them  from  spreading;  to  cover  the  whole 
structure  with  earth  and  gravel,  which  were  allowed  to  form  their  own 
slopes  on  either  side.  The  earth  penetrated  and  filled  the  interstices 
between  the  brush,  so  that  the  jetties  acquired  great  strength  in  resist- 
ing the  action  of  the  water.  During  last  winter's  heavy  freshet  they 
not  only  remained  intact,  but  were  strengthened  by  large  accumulations 
of  sand  and  gravel,  and  have  in  most  instances  already  produced  the 
desired  effect  of  deepening  the  channel.  Where  the  action  of  the  jet- 
ties had  a  tendency  to  undermine  the  opposite  shore,  a  single  row  of 
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piles  was  driven  parallel  with  that  shore  and  well  wattled  with  cane ; 
this  simple  structure  has  been  found  to  fulfill  its  purpose  admirably. 

As  soon  as  the  river  has  fallen  to  low- water  mark,  a  careful  examina- 
tion of  the  condition  of  the  works  and  their  effect  on  the  regimen  of  the 
river  will  be  made,  to  serve  as  a  guide  in  planning  future  improvements 
on  these  rivers. 

During  the  month  of  June,  1876,  all  the  boats  engaged  on  this  im- 
provement have  been  put  in  thorough  repair;  a  new  snag-boat  has  been 
built ;  and  should  the  river,  as  is  expected,  reach  its  low- water  stage, 
a  full  force,  with  all  necessary  outfit,  will  begin  operations  during  the 
latter  part  of  this  month,  or  by  July  1,  1876. 

I  append  herewith  a  summary  of  amount  and  kind  of  work  dohe  on 
the  different  bars  and  shoals  during  the  past  fiscal  year : 


Name  of  bar. 

Jetties. 

Feet. 
250 
318 
91 
638 
li25 

355 

t 

Shore- 
lining. 

Feet. 

Dams. 

Bock. 

QraveL 

Snags. 

Tnsoaloosa  Landing 

FeeL 

Tardi. 
350 

Tarda. 
600 
710 

Number. 

Eagle  Bar 

8 

Little  LogShoals 

108 
180 
140 

25 

Treasere  jBar 

■  «*•*«  •  ■ 

"3,' 666" 
75 

5 

KinfT^fi  MoTiptain  Bar 

107 

CnDningham's  Bar 

Collier  Foster's  Shoal 

19 

Bald  Bar , 

110 
150 
113 
513 

60 
198 
350 
378 
100 
235 

70 
175 
332 
183 

450 

95 
170 



310 

93 

Big  Sandy  Bar 

48 

Vancleve's  Shoal 

9 

HcCovn'sBar 

16 

Mud  Bar 

135 

37 

4 

Wild  Horae 

5 

Beale's  Bar  and  Beef 

11 

76" 

3 

Buzzard  Bar 

275 

31 

Grav's  Bar 

17 

EddTin's  Reef 

360 

*• 

21 

Lily  Wreck  Bar 

Izzard  Shoal 

306 

Mike's  Bar 

3 

Drop  Out  Bar 

Total 

4,533 

791 

1,238 

361' 

4,708 

417 

In  regard  to  the  statistics  of  the  trade  on  these  rivers,  I  am  only  able 
to  give  the  number  of  bales  of  cotton  shipped  to  Mobile  since  September 
15, 1875 :  Black  Warrior,  30,560 ;  and  Tombigbee,  51,786. 

It  is  proposed  to  continue  work  on  the  improvement  of  these  rivers 
during  next  fiscal  year. 

Original  estimated  cost  of  the  work  as  now  being  carried  on  for  Black 

Wari-ior 8151,103  00 

Tombigbee  River,  (see  report  1870-'71) 21,500  00 

172,603  00 
Whole  amonnt  appropriated  since  the  adoption  of  the  present  project....  25, 000  00 
Amount  asked  for  fiscal  year  ending  June  30, 1878.  100, 000  00 

Money  statement 

Amount  available  July  1, 1875 $25,000  00 

Amount  expended  during  fiscal  year  ending  June  30, 1876 19, 881  92 

Amount  available  July  1,  1876 5,118  08 

Amount  appropriated  by  act  approved  August  14,  1876 15, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 132, 603  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  100, 000  00 
32  B 
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I  7. 

EXAMINATION  AND  SURVEY  OF  THE  ALABAMA  RIVER,  FROM  WETUMPKA 

TO  ITS  MOUTH. 

United  States  Engineer  Office, 

Mohile,  Ala.^  March  8,  1876. 

General:  I  have  the  houor  tx)  report  that  the  examination  and  sur- 
vey of  the  Alabama  Kiver,  from  Wetumpka  to  its  mouthy  provided  for 
by  act  of  Congress  approved  March  3,  1875,  and  assigned  to  my  charge 
by  letter  from  your  office,  has  been  very  much  delayed  by  high-water 
in  the  river,  which  prevented  an  early  commencement  of  the  work,  and 
retarded  its  progress  at  various  times  afterward,  by  sickness  of  the 
parties  employed,  from  malarious  influences;  and  by  the  severe  indis- 
position of  Mr.  Yuille,  assistant  engineer  in  immediate  charge  of  the 
work  since  the  completion  of  the  fleld-work,  brought  on  by  his  labors  in 
connection  with  it.  * 

The  report  and  estimates,  in  their  present  condition,  are  forwarded 
now,  rather  than  delay  longer  for  a  more  perfect  presentation  of  the 
subject. 

The  examination  has  resulted  in  showing  the  Alabama  River  to  be  in 
need  of  and  susceptible  of  grea^  improvement  by  a  moderate  expendi- 
ture. 

Two  estimates  are  submitted : 

1.  For  obtaining  a  channel  200  feet  wide  and  4  feet  deep  at  low-water, 
at  a  total  cost  of  $229,741. 

2.  For  obtaining  a  channel  150  feet  wide  and  6  feet  deep  at  low-water, 
at  a  total  cost  of  $459,773.25. 

The  first  project  is  recommended  as  giving  all  that  is  needed  at  pres- 
ent, and  should  the  future  commerce  on  the  river  demand  a  greater 
depth,  as  is  very  probable,  the  money  expended  in  carrying  it  out  will 
be  judiciously  expended  for  executing  the  second  project. 

A  great  deal  of  difficulty  has  been  met  with  in  obtaining  full  com- 
mercial statistics,  but  such  as  can  be  will  be  forwarded  as  soon  as  they 
can  be  prepared. 

Complete  details  will  be  found  in  the  report  of  Mr.  Yuille,  accompany- 
ing this. 

Very  respectfully,  your  obedient  servant, 

A.  N.  Damrell, 
Captain  Engineers^  U,  6'.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Eiigifieers,  U.  8.  A. 

P.  8. — The  following  figures  have  been  furnished  me  since,  by  parties 
connected  with  the  commerce  on  this  river: 

Fifty-one  thousand  two  hundred  and  sixty-eight  bales  of  cotton  have 
been  received  at  Mobile,  Ala.,  from  the  Alabama  River  since  September 
1, 1875,  and  the  amount  of  up  and  down  freight  collected  during  the 
past  year  is  $140,000. 

As  at  the  opening  of  the  cotton  season  the  river  is  usually  at  a  low 
stage  of  water,  and  boats  can  only  carry  small  loads,  nearly  one-third 
of  the  cotton-crop  tributary  to  this  river  is  carried  by  railroad  to  the 
Atlantic  sea-ports,  and  it  is  to  be  reasonably  expected  that  by  the  pro- 
posed improvement  the  trade  of  this  river  will  increase  nearly  to  that 
extent. 

An  appropriation  of  $50,000  is  asked  for  fiscal  year  ending  June  30, 
1878. 
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REPORT  OF  MR.  GAVIN  B.  YUILLE,  ASSISTANT  JINGINEER. 

Mobile,  March  1, 1876. 

Major  :  I  have  the  honor-  to  submit  herewith  ray  report  on  the  examination  and 
partial  tjurvey  of  the  Alabain:!  River  from  "VVetumpka  to  its  mouth. 

In  obedience  to  your  letter  of  instructiou,  dated  July  27, 1875,  I  left  the  city  of 
Mobile  on  the  oame  day,  and  proceeded  by  the  usual  route  of  travel  to  Wetumpka, 
arriviuj;  there  on  the  moruinji^  of  the  2dth,  and  took  immediate  steps  to  procure  a  suit- 
able flat-boat,  and  arrange  for  necessary  fitting  of  same  for  the  service  required. 

In  furtherance,  also,  of  the  work  in  view,  I  was  engaged  some  davs  at  Montgomery 
in  making  tracings  of  United  States  township  maps,  embracing  the  Alabama  River, 
from  the  records  in  the  secretary  of  state's  office,  and  in  procuring  other  data  relating 
to  river  elevation^  above  tide-water,  at  points  crossed  by  railroad  surveys,  obtainable 
from  records  of  the  railroad  companies. 

On  the  14th  of  August,  the  river  at  Wetumpka  indicating  its  near  approach  to  the 
usual  low-water  stage,  and  the  fitting  of  the  boat  being  about  completed,  the  necessary 
party  for  the  work  were  engaged  and  organized.  While  engaged  on  some  examination 
of  the  river' at  Wetumpka,  work  was  intercepted  by  heavy  rains,  which,  extending  to 
the  upper  waters  of  the  Coosa  River,  caused  a  rise  of  9  feet,  delaying  the  start  down 
the  river  till  the  25th  of  August,  when  the  boat  was  cast  loose  with  a  rise  yet  in  the 
river  of  3  feet  above  usual  low-water. 

Admonished  by  the  already  rapid  inroad  of  lost  time  upon  the  possible  season  of  low- 
water  at  command,  it  was  not  deemed  prudent  to  attempt  any  extended  surveys,  or 
even  a  partial  instrumental  snrvev,  of  all  the  probable  points  requiring  investigation. 
Taking  into  consideration,  also,  tne  small  means  at  command  and  the  many  miles  of 
river  to  be  examined,  it  was  determined,  as  the  proper  plan,  to  secure  a  completed  gen- 
eral result  by  a  careful  examination  of  the  whme  river,  rather  than  a  probable  incom- 
plete result  by  attempting  a  survey  of  every  point  offering  obstruction  to  navigation. 

In  conformity  to  this  plan,  instrumental  surveys  were  only  made  at  those  points  where, 
from  their  magnitude  or  departure  from  the  usual  character  of  other  obstructions,  a 
survey  seemed  necessary  to  properly  set  forth  the  nature  and  character  of  it.  In  con- 
ducting this  examination  there  was  soon  developed  a  similarity  in  the  characteristics 
of  many  of  the  bars  that  was  striking ;  so  that  a  careful  consideration  of  one  secured 
a  result  applicable  to  many.  Governed  by  these  considerations  of  plan  and  economy 
of  time  and  means,  the  examination  was  steadily  pushed  on  to  completion  at  the  month 
of  the  Alabama  River,  on  the  26th  of  October,  interrupted,  however,  by  sickness  of 
party,  and  delays  caused  by  the  occurrence  of  several  rises  of  the  rivt  r. 

Tliis  completing  the  required  examination  of  the  Alabama  River,  the  boat  was 
moved  on  down  the  Mobile  River  as  rapidly  as  adverse  winds  and  tides  would  admit, 
reaching  Mobile  on  the  30th  of  October,  when  the  party  was  discharged,  the  instruments 
and  other  property  properly  accounted  for,  and  I  ri  poited  in  person  at  your  office  for 
further  duty. 

Accompanying  this  report  are  the  following  papers : 

1.  Index-map,  in  two  sheets,  Nos.  1  and  2,  scale  2  inches  to  the  mile,  compiled  from 
United  States  township  maps,  showing  the  entire  river  from  Wetumpka  to  its  mouth, 
with  the  relaave  position  of  the  bars,  shoals,  reefs,  &c.,  and  the  situation  of  impor- 
tant towns  and  places  of  trade  upon  and  adjacent  to  the  river,  with  their  railroad 
connections. 

2.  Maps  of  surveys,  in  eight  sheets,  marked  A  to  H  inclusive,  scale  200  feet  to  the 
inch,  or  ?/niT;  showing  some  of  the  more  important  obstructions  to  navigation. 

The  amount  appropriated  for  the  examination  not  justifying  any  extended  surveys, 
(as  heretofore  stated,)  every  effort  was  made  to  collect  whatever  data  was  available 
from  railroad  surveys  and  other  sources,  that  had  a  bearing  upon  the  object  to  be 
attained,  so  as  to  arrive  at  just  conclusions  regarding  the  incnnation  of  river-bed,  vol- 
ume of  discharge  at  minimum  stage,  and  oscillation  in  times  of  flood,  upon  which  to 
base  a  correct  opinion  as  to  the  proper  treatment  for  the  removal  of  and  the  remedy 
for  the  obstructions  to  navigation  found.  Having  in  view,  first,  what  may  be  termed 
a  restoration  of  the  normal  capacity  of  the  river ;  second,  to  determine  the  possible 
maximum  capacity  of  same  under  a  more  extended  improvement,  with  the  conditions 
of  volume,  inclination  of  river-bed,  and  probable  character  of  necessary  excavations, 
as  elements  of  the  question. 

EXAMINATION  AND  SURVEY. 

The  results  of  the  examination  may  be  briefly  stated  as  follows :  Commencing  at 
Wetumpka,  which  is  situated  at  the  head  of  an  open  reach  of  navigable  water  on  the 
Coosa  River  and  at  the  foot  of  the  last  of  a  series  of  rapids  that  obstruct  the  upper 
portion  of  that  river,  with  a  width  here  of  400  feet,  between  fixed  and  stable  bauKs, 
partly  formed  of  gneiss  rock,  through  which  the  river  has  made  its  way,  it  assumes  a 
lake-like  appearance,  maintaining  a  uniform  width,  with  a  very  moderate  current,  and 
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depth  of  not  less  than  6  feet,  till  the  month  of  the  Tallapoosa  River  is  reached,  the 
junction  of  which  vritfL  the  Coosa  forms  the  Alabama  River  proper. 

At  the  month  of  the  Tallapoosa  we  come  npon  the  first  serious  obstacle  to  navigation, 
caused  by  an  extensive  deposit  of  coarse  gravel  in  the  chaunel  of  the  united  rivers, 
brought  down  the  former  in  times  of  flood,  filling  up  the  bed  and  causing  a  widening 
of  the  main  river,  with  a  consequent  dispersion  of  the  water  into  several  shifting 
ohauuels,  through  which  only  about  2  feet  depth  is  found  at  low-water  stage.  The 
filling  up  of  the  main  river,  acting  as  a  dam,  has  caused  a  great  increase  of  the  natural 
inclination  of  the  river-bed  below,  and  the  formation  of  slack-water  pools  in  each  above 
the  obstruction.  The  formation  of  this  dam  or  bar  in  the  main  river  is  evidently  the 
result  of  the  very  sqnare  entrance  of  the  Tallapoosa  into  the  Coosa,  with  the  heavy 
character  of  deposit  brought  down  the  former  and  discharged  iuto  the  channel  of  the 
latter,  together  with  the  very  UDStable  nature  of  the  adjacent  river-banks,  allowing  an 
nndue  widening  to  take  place  with  the  ever-varying  conditions  of  each  river  in  flood 
and  low-water. 

This  disturbance  of  the  otherwise  favorable  condition  of  the  river  continues  for 
about  3  miles,  when  the  normal  character  of  the  river  is  again  found,  with  an  increase 
of  width  to  500  feet  since  the  accession  of  the  Tallapoosa,  and  with  a  depth  of  from 
6  to  15  feet  in  all  open  reaches  of  the  river. 

We  now  enter  upon  a  portion  of  the  river  that  is  very  uniform  in  its  characteristics, 
in  the  character  of  the  banks,  width  and  depth ;  also  in  the  great  similarity  and  nature 
of  the  obstructions  found;  this  similarity  continues  so  long  as  the  river  is  bounded  one 
eide  or  the  other  by  high  and  solid  bluffs. 

It  is  therefore  unnecessary  to  enter  into  a  minute  description  of  the  successive  ob- 
structions found ;  a  general  illustration  of  the  governing  characteristics  will  be  more 
useful. 

The  banks  generally  of  the  upper  portion  of  the  river  are  of  a  solid  and  firm  nature, 
a>nd  in  no  case  was  there  found  any  extensive  caving  or  falling  in.  In  a  very  large 
proportion  the  banks  upon  one  side  of  the  river  or  the  other  are  composed  of  a  compact 
soft  rock  or  marl,  usually  called  rotten  limestone ;  a  material  that  offers  an  effective 
barrier  against  the  eroding  action  of  the  river,  and  which  often  contain  ledges  of  a 
harder  material,  fit  in  many  places  for  building-stone;  the  bluffs  also  contain  lar^e 
ouantities  of  nodules  or  concretions  of  a  hard  and  solid  character,  that  fall  from  tne 
face  of  bluff*  and  collect  at  the  edge  of  low- water,  that  would  make  suitable  mate- 
rial for  filling  cribs  of  dams  and  jetties,  ea^ily  gathered  by  boat  at  low-water. 

This  general  character  of  the  river,  however,  is  only  applicable  to  those  parts  that 
are  free  from  islands,  bars,  and  shoals,  of  which  there  are  great  numbers,  as  shown 
opon  the  index-map.  These  obstructions  may  be  said  to  have  resulted  from  the  failure 
in  resistance  offerea  to  the  action  of  the  river  by  one  or  the  other  of  the  banks,  allow- 
ing an  increase  of  width  in  the  flood-stage,  and  the  consequent  filling  by  timber,  gravel, 
And  sand  in  the  unduly-widened  river-bed  during  the  subsidence  of  flood.  This  action 
has  in  the  course  of  time  divided  the  channel,  forming  islands  and  bars  with  those  in  a 
less  advanced  state,  constituting  the  present  shoals. 

The  foregoing  description  of  character  of  river  applies  to  that  portion  commencing 
near  the  month  of  Tallapoosa  River,  and  extends.to  a  point  between  Claiborne  and 
Oainstown,  where  the  high  bluffs  come  to  an  end.  The  width  of  the  river  in  this  por- 
tion ranges  from  500  to  600  feet,  and  wherever  that  width  is  exceeded  will  be  found 
the  bars  and  shoals.  In  the  open  reaches  of  river  ample  water  is  always  found  ranging 
from  €  to  15  feet,  and  often  much  deeper.  At  none  of  the  bara  or  shoals  was  there 
found  any  excessive  current,  and  in  the  open  reaches  the  current  did  not  exceed  f  or  1^ 
miles  per  hour. 

In  this  really  beautiful  portion  of  the  river  its  usefulness  is  marred  by  many  bars, 
ehoals,  and  reefs,  and  collections  of  logs,  at  many  of  which  points  the  low- water  depth 
is  reduced  3^,  and  even  2^  feet. 

We  now  come  to  that  part  of  the  river  between  Gainstown  and  the  mouth,  where  the 
width  has  increased  to  600  and  800  feet,  the  depth  ranging  from  10  to  12  feet  in  the 
fair  reaches,  and  upon  the  shoals  as  low  as  3  feet  was  round  for  low-water. 

From  near  this  point,  where  the  high  bluffs  terminate,  the  river-banks  are  mostly 
overflowed  in  high-water,  and  are  more  subject  to  erosion  by  the  river;  a  ranch  wider 
scope  of  the  valley  of  river  is  overflowed,  and  we  find  a  sudden  falling-off*  of  the 
oscillation. 

One  of  the  most  damaging  obstructions  of  the  lower  river  is  what  is  known  as  the 
"  Cat-off","  about  16  miles  above  the  mouth  of  Alabama  River,  where  the  waters  of  the 
latter  have  of  late  years  made  an  outlet  through  to  the  Tombigbee  River,  of  such 
magnitude  as  to  seriously  impair  the  volume  of  water  passing  down  the  Alabama. 

As  the  Cut-off  serves  no  useful  purpose,  but,  on  the  contrary,  is  likely  at  no  distant 
day  to  so  lessen  the  volume  of  the  main  river  that  its  usefulness  will  be  entirely  de- 
stroyed b^  filling  up,  a  resnlt  that  has  already  taken  place  at  the  head  of  the  Cut-off* 
in  the  mam  channel,  causing  a  shoal  o£  scant  4  feet  at  low-water,  requiring  the  loaded 
steamers,  either  passing  up  or  down  the  river,  to  use  the  Cut-off*,  thus  leaving  the  main 
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river,  upon  which  is  situated  all  the  landings,  without  reliable  service  during  the  season 
of  low-water. 

The  river  below  the  Cut-off  to  the  mouth  is  as  yet  iu  good  condition,  requiring  only 
the  removal  of  logs  and  timber ;  ample  water  found  from  the  Cut-off  to  the  mouth. 

Owing  to  the  unfavorable  condition  of  the  river  at  the  commencement  of  the  exam- 
ination, no  estimate  of  the  volume  of  discharge  could  be  made  at  a  point  above  Mont- 
gomery, which  was  deemed  essential  to  a  determinate  solution  of  the  problem  of  max- 
imum capacity  of  channel  practicable.  A  measurement  was  made,  however,  below 
Montgomery,  or  as  soon  as  the  river  was  found  in  a  favorable  condition ;  these  meas- 
urements were  made  when  the  river  was  reported  to  be  about  I  foot  above  ordinary 
low  water;  they  are  submitted  as  approximate  only.  The  first  was  taken  at  a  point 
just  below  Newport  Bar,  and  gives  3,711  cubic  feet  per  second,  with  mean  velocity  of  2 
feet  per  second ;  the  second  was  taken  at  Wood's  Upper  Landing,  20  miles  lower  down, 
and  gave  3,734  cubic  feet  per  second,  with  mean  velocity  of  1.57  feet  per  second. 

To  determine  inclinatiou  of  river-surface  at  low  water,  use  was  made  of  data  from 
railroad-survey  levels,  and  measurements  of  surface-velocities  of  the  river  at  varioua 
points. 

The  oscillation  was  determined  from  actual  note  of  the  hi^h  water  marks  from  relia- 
ble sources,  and  all  are  made  from  the  well-established  high  water  of  the  spring  of 
1874. 

The  following  statement  is  therefore  submitted,  with  confidence  that  it  approzimatea 
the  truth : 

Statement  of  tide-water  elevationSy  oscillationSf  and  eatiniate  of  volume  of  discharge  at  variouB 

paints  on  the  Alabama  River, 


Name  of  locality. 


Wetnnipka 

Sonth  and  North  Alabama  Rail 
road  bridge. 

MoDtzomery : 

New  Port  Bar,  (^  mi  lea  below) 

"Wood's  Upper  Lauding 

Western  Railroad  bridge 

Selma 

Claiborne 

Grainstown 

Davis's  Landing 

Cut-off 

Mouth  of  Alabama  River 

Seymore's  Bluff 

Mobile 


Map-distance     from 
Mobile. 

«  o  o 

FeeL 
117.00 
105.00 

103.40 

Oscillation  of  river 
during  high  water 
of  1874. 

Volume  of  water  per 
second,  low  water 
of  1W5. 

Miles. 
367 
344 

338 

310 

291 

2644 

256l 

1191 

m 

44* 

31 
00    • 

Feet 

58.32 

53.50 

53.20 

■ 
Oub./L 

"3,'7ii 
3,734 

"iioo' 

"6.00 

55.00 
53.00 
42.00 
28.00 
23.00 
21.90 
20.00 
16.25 
1.00 

Remarks. 


River  400  feet  wide  at  low  water. 


Approximate  only. 
Do. 


End  of  high  bluffli  on  river. 
Both  banks  mostly  overflowed  during 
high  water  from  this  point  south. 
Oscillation  and  elevation  estimated. 


From  the  above  statement  the  average  rate  of  inclination  of  the  river  from  the  Cut- 
off to  Montgomery  is  0.328  feet,  or  about  4  inches  per  mile ;  from  Montgomery  to  We- 
tiimpka,  0.469  feet,  or  .5f  inches  per  mile. 

At  the  most  rapid  part  of  the  Tallapoosa  Shoal  the  mean  velocity  was  determined 
by  measurement  at  4.56  feet  per  second,  or  3-i^  miles  per  hour,  which  extended  about 
one-quarter  of  a  mile  in  distance  at  that  rate.  At  no  other  point  on  the  river  was 
there  found  such  an  exceptional  mean  velocity ;  therefore,  without  burdening  this 
report  with  more  data  for  determining  the  exact  capacity  of  the  river,  we  may  safely 
proceed  to  consider  plans  and  estimates  of  cost,  being  fully  satisfied  that  there  will  be 
abundant  volame  of  water  to  carry  out  any  Rcale  of  improvements  contemplated  or 
the  requirements  of  probable  commerce  on  the  river  may  call  for. 

IMPROVEMENTS. 

By  map-measurement  the  total  length  of  river  examined  is  322  miles,  upon  which 
were  found  116  bars,  shoals,  and  reefs  that  offered  more  or  less  impediment  to  free 
navigation  at  ordinary  low-water  stage  of  river.  In  prosecuting  this  examination 
there  was  soon  developed  a  remarkable  similarity  in  the  character  and  nature  of  the 
obstructions,  determining,  in  the  mind  of  the.  observer,  a  common  method  for  their 
remedy.  In  all  cases  where  a  bar  or  shoal  was  found  there  was  an  increased  width  of 
river,  and  where  the  shoal  became  elevated  into  an  island  and  divided  the  channel 
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into  two  chutes,  thas  narrowing  the  river,  one  or  both  chutes  would  be  found  with 
deep  water  as  far  as  the  bar  or  island  extended.  At  the  head  of  the  island,  where  the 
channel  was  yet  wide,  would  be  fonnd  the  compact  gravel>shoa1,  with  shallow  water; 
then,  at  the  foot  of  the  island  or  bar,  wherethe  river  also  was  yet  too  wide,  we  would 
find  the  soft,  shifting  sand-deposit  and  shallow  water. 

The  remedy  in  this  case  is  evidently  to  confine  and  narrow  the  river,  to  extend  the 
forming  of  the  island  by  dam  and  jetty,  and  then  narrow  the  channel. 

Where  the  river  has  solid  and  secure  banks,  which  is  the  case  on  the  greater  part  of 
the  river,  either  of  one  side  or  the  other,  then  the  channel  should  be  thrown  upon  the 
aide  so  secured ;  for  it  was  invariably  found  that  where  the  channel  was  so  situated 
there  was  ample  and  deep  water  all  along  the  bluff. 

Some  few  cases  were  fonnd  where  the  channel  had  been  thrown  away  from  the  solid 
bluff  to  the  opposite  side,  and  it  rarely  happens  that  the  river  has  a  bluff  on  each  near 
enough  to  form  channel- width.  The  proper  course  in  this  case  would  be  to  secure  the 
channel  against  the  solid  bluff,  even  at  a  greater  cost,  from  the  certainty  of  making  it 
secure  against  change  in  the  future. 

In  but  few  cases  were  rocky  reefs  fonnd,  and  these  were  mostly  of  the  soft  rock  simi- 
lar to  that  of  the  bluffs,  and  in  detached  masses.  No  reef  of  rock  was  found  that 
seemed  to  offer  any  obstruction  to  uniform  flow  of  the  river. 

In  the  lower  part  of  river,  below  Gainstown,  where  the  banks  are  of  more  unstable 
nature,  the  improvement  of  the  river  will  require  tbe  use  of  means  to  secure  the  banks 
from  washing,  in  order  to  maintain  the  integrity  of  the  channel. 

The  entire  river  is  much  obstructed  by  snags  and  logs  that  are  bedded  in  the  main 
•channel  and  chutes,  the  removal  of  which  is,  in  many  cases,  all  that  is  necessary  at 
«ome  of  the  bars  and  shoals.  In  other  cases,  the  removal  of  the  bedded  logs  and  tim- 
ber from  the  channel  will  allow  the  current  to  act  on  the  sand,  and  thus  deepen  the 
channel  all  that  is  necessary. 

The  impossibility  of  any  enumeration  of  the  logs,  snags,  and  timber  necessary  to  be 
removed,  renders  any  absolute  estimate  of  this  item  impossible.  All  that  is  offered  as 
an  estimate  is  a  statement  of  number  of  logs  distributed  among  the  points  requiring 
improvement  in  a  ratio  that  is  judged  fair  and  in  keeping  with  the  observed  evidences 
of  such  obstructions  in  that  portion  of  the  river. 

ESTIMATE  OF  COST. 

In  regard  to  plan  of  structures  necessary  in  the  proposed  improvement,  the  details 
must  necessarily  be  determined  for  each  case  by  the  engineer  when  the  work  is  to  be 
executed ;  but  the  use  of  crib-dams  and  jetties  are  here  estimated  for  upon  the  upper 
portion  of  the  river,  to  be  filled  with  gravel  and  protected  by  coverings  of  heavy 
masses  of  stone,  and  at  the  exposed  ends  of  jetties  and  exposed  points  along  banks  to 
ase  brush  and  stone  protection. 

For  the  lower  river  piling  will  be  more  suitable,  using  piling  also'for  bank-protec- 
tion, with  brush  and  stone. 

Timber  of  good  quality  can  be  obtained  at  all  points  on  the  river ;  also  suitable 
etone  for  the  purpose  from  the  river-bluffs  at  all  points  from  Wetumpka  to  Gainstown. 

The  prices  used  in  this  estimate  are  as  follows : 

For  the  removal  of  logs  and  snags,  ^10  each. 

For  square  timber  of  oak  or  pine,  9*^0  per  thousand,  board-measure. 

Gravel  excavation  and  filling,  each,  50  cents  per  cubic  yard. 

Soft  rock  or  marl  excavation,  75  cents  per  cubic  yard. 

Solid-rock  excavatitm,  $2  per  cubic  yard. 

Brush  and  stone  protection,  $2.50  per  cubic  yard. 

In  submitting  estimate  of  cost  two  grades  of  improvement  are'  proposed  :  the  first 
for  a  channel  of  4  feet  depth  and  200  feet  minimum  width ;  the  second  of  6  feet  depth 
and  150  feet  minimum  width. 

The  first  plan  contemplates  such  depth  as  may  be  easily  secured,  and  at  the  same 
time  the  work  may  be  made  to  lead  in  the  direction  of  a  more  thorough  improvement 
in  the  future. 

The  second  plan  contemplates  a  work  of  improvement  that  will  at  once-  secure  an 
approximation  to  the  full  capacity  of  the  river  at  low- water  stage. 

The  4-foot  channel,  it  is  believed,  will  serve  tbe  present  requirements  of  the  class  of 
steamboats  nsed  on  the  river,  and  the  execution  of  this  work  would  be  the  first  step 
toward  a  more  perfect  work,  looking  to  tbe  future  development  of  the  full  capacity  of 
river,  when  the  increased  commerce  and  growth  of  new  interests  shall  require  it. 

As  river-improvements  of  this  character  are  always  in  a  measure  experimental, 
there  is  every  reason  to  believe  that  in  a  case  like  this  the  full  result  may  be  obtained 
in  some  places  in  the  effort  to  secure  only  the  partial ;  I  therefore  think  it  but  the  ex- 
ercise of  proper  prudence  to  recommenc}  the  application  of  means  under  the  first  grade 
of  improvement. 
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The  amoant  appropriated  for  the  examination  not  contemplating  an  inBtrnniental 
survey  of  the  obBtructions  found  upon  the  river,  it  will  be  necessary,  in  many  cases,  to 
have  a  survey  made  before  determining  a  plan  of  improvemeut. 

Therefore  to  the  foregoing  total  cost  must  be  added  an  amount  sufficient  to  cover 
this  item,  also  an  amount  to  provide  for  the  removal  of  logs  and  trees  obstructing  the 
sides  and  lodged  in  the  bottom  of  the  river  in  the  long  reaches  of  open  water  not  cov- 
ered in  the  tabular  estimate. 

The  total  estimate  will  then  stand  as  follows: 


For  channel  of  4  feet  by  200  feet. 


I 


Total  cost  from  tabular  estimate (204, 310  00 

Additional  logs  to  remove,  500,  at  $10 5,000  00 

Superintendence,  sarvey,  and  contingencies,  10  per  cent 20,431  00 

229.741  00 
For  channel  of  6  feet  by  IbO  feet. 

Total  cost  from  tabular  estimate $395,455  00 

Additional  logs  to  remove, 500,  at  $10 5,000  00 

Saperintendence,  surveys,  and  contingencies,  15  per  cent 59, 318  25 

Total." 469.773  25 

The  Alabama  River  is  crossed  by  two  railroad-bridges,  neither  of  which  offers  any 
obstruction  to  the  passage  of  steamboats,  so  far  as  learned.  The  first  one  not-ed,  that 
of  the  South  and  North  Alabama  Railroad,  crosses  the  river  at  a  point  6  miles  above 
Montgomery,  is  a  combined  wood  and  iron  trussed  bridge,  supported  on  brick  piers, 
with  openings  on  each  side  of  turn-table  pier  of  90  feet  at  low-water ;  elevation  of 
track  above  high-water  10  feet,  oscillation  of  river  at  this  point  53|  feet. 

The  coffer-dam  yet  remains  above  the  center  pier,  narrowing  the  actual  opening  to 
82  feet ;  this  is  dangerous  to  boats  passing  through  when  the  stage  of  water  covers 
the  pile-heads  from  sight,  rendering  the  passage  dangerous  to  that  extent. 

The  other  bridge,  that  of  the  Western  Railroad,  crosses  the  river  about  8  miles  above 
Selma,  on  an  iron  truss-bridge,  supported  upon  piers  of  wrought-irou  columns,  based  on 
masonry;  draw-openings  120  feet  between  masonry,  at  low- water;  elevation  of  track 
above  high-water,  9  feet ;  oscillation  of  river,  .'>5  feet. 

Bridge  located  on  a  long  straight  reach  of  river ;  no  cause  of  obstruction  to  nav- 
igation. 

Owing  to  a  return  of  fever  contracted  while  upon  the  river  and  the  consequent  de- 
bility following,  I  was  obliged  to  suspend  office- work  about  the  1st  of  December  last, 
which  was  not  resumed  till  the  1st  of  February,  since  which  period  the  pressure  of 
other  office- work  has  not  allowed  sufficient  time  to  mature  fully  any  statement  of  the 
commercial  interests  involved. 

The  present  commerce  on  the  river  is  mnch  restricted  during  the  low- water  season, 
the  smaller  class  of  st^^amboats  only  running,  they  finding  difficulty  in  making  their 
way  to  Montgomery,  and  seldom  going  as  high  up  as  Wetumpka  during  the  season  of 
low-water. 

The  citizens  along  the  entire  river  manifest  mnch  interest  in  the  proposed  improve- 
ment, looking  forward  to  its  early  consummation  as  the  means  of  placing  the  entire 
river-section  of  the  State  upon  an  equal  footing  with  the  more  favored  portion  hav- 
ing railroad-connections.  With  an  improved  condition  of  the  river,  bringing  about  a 
more  efficient  steamboat-service,  the  discriminating  rates  of  freight  upon  the  river 
would  disappear,  and  products  of  the  rich  river-lands,  now  valueless  to  the  producer, 
would  become  profitable  under  the  cheapened  cost  of  transport  to  market. 

The  production  also  of  the  more  valuable  products  would  be  stimulated,  and  the 
tide  of  commerce  again  restored  to  the  natural  and  cheaper  water-lines  of  transpor- 
tation. 

I  beg  to  express  my  indebtedness  to  the  officers  of  steamboats  plying  upon  the  river 
for  their  invariable  kindness  and  interest  manifested  in  forwarding  the  objects  of  the 
•examination,  and  to  the  citizens  of  Wetumpka,  Montgomery,  and  Selma  for  their  kind 
interest. 

To  Mr.  W.  H.  McCurdy,  who  was  engaged  as  pilot  for  the  examination,  I  am  in- 
debted for  minute  and  accurate  knowledge  of  the  river  and  for  faithful  co-opMeratiou  in 
its  prosecution. 

Respectfully  submitted. 

GAvm  B.  YuiLLK, 
Assistant  Engineer, 

Bvt.  Mi^.  A.  N.  Damrell, 

Captain  of  Engineers^  U.  S.  A. 
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I  8. 

WATER-COMMUNICATION  BETWEEN  THE  MISSISSIPPI  RIVER  AND  ATLAN- 
TIC OCEAN,  ACROSS  THE  PENINSULA  OF  FLORIDA. 

Office  of  the  Chief  of  ENaiNEEBS, 

Washington,  D.  C,  April  3,  1876. 

Sir  :  In  the  river  and  harbor  act  of  March  3, 1875,  the  sum  of  $50,000 
was  appropriated  for  the  examinations  aud  surveys  directed  to  be  made 
during  the  fiscal  year  at  the  forty-six  localities  designated  in  the  act. 
But  the  amount  appropriated  did  not  prove  to  be  suflBcient  to  enable 
this  office  J;o  comply  with  so  much  of  the  act  as  required  surveys  and 
examinations  to  ascertain  the  practicability  and  cost  of  an  inland  water- 
communication  between  the  Mississippi  Kiver  and  the  Atlantic,  along 
the  Gulf  of  Mexico  and  across  the  peninsula  of  Florida,  which,  from 
their  extent,  would  have  necessarily  consumed  much  of  the  appropria- 
tion, to  the  exclusion  of  a  number  of  other  localities  requiring  exami- 
nation. To  supply  this  omission  I  beg  leave  to  submit  herewith  copies 
of  parts  of  reports  heretofore  submitted  to  Congress  upon  the  results 
of  the  surveys  for  a  canal  route  across  Florida,  made  in  compliance  with 
the  acts  of  March  3, 1826,  and  August  30,  1852,  together  with  copies  of 
reports  from  Captains  C.  W.  Howell  and  A.  N.  Damrell,  Corps  of  En- 
gineers, made  in  September,  1873,  in  reference  to  portions  of  the  route 
in  question.  These  last  reports  are  replies  to  instructions  from  this 
office,  based  upon  a  request  from  the  mayor  aud  chamber  of  com- 
merce of  Savannah,  G-a.,  for  information  upon  the  subject.  I  also  trans- 
mit herewith  two  maps,  explanatory  of  the  routes  described  in  the  above 
reports. 

In  the  report  of  April,  1874,  from  the  Senate  Committee  on  Trans- 
portation-Routes to  the  Seaboard,  two  routes  are  pointed  out  as  natu- 
rally suggesting  themselves  tor  moving  the  grain-trade  of  the  Missis- 
sippi from  New  Orleans  to  the  Atlantic,  along  the  Gulf  coast  and  across 
the  peninsula  of  Florida,  one  a  coast-line  through  Lake  Pontchartrain  or 
Lake  Borgue,  and  thence,  by  means  of  short  canals  and  landlocked 
bodies  of  water,  along  the  Gulf  to  the  Florida  coast,  and  by  canal  to  the 
Atlantic ;  the  other  an  exterior  line,  along  which  steamers  and  their 
tows  passing  out  of  the  mouths  of  the  Mississippi  might  coast  along 
the  shores  of  the  Gulf  to  a  westeru  terminus  of  a  Florida  canal  at  either 
the  mouth  of  the  Suwannee  or  of  the  Withlacoochee  or  at  Tampa  Bay. 

Of  the  three  routes  to  which  public  attention  has  been  directed  for 
opening  a  channel  from  the  Mississippi  pear  New  Orleans,  in  order  to 
pass  inland  to  Mobile,  that  of  Bayou  Manchac,  Amite  River,  and  Lake 
Manrepas  into  Lake  Pontchartrain,  or  from  near  Carrollton  direct  to 
the  lake,  or  from  a  point  some  12  miles  below  New  Orleans  into  the  head 
of  the  Mexican  Gulf  Canal,  and  through  that  to  Lake  Borgne,  the  latter 
would  perhaps  be  the  most  economical.  With  the  exception  of  a  con- 
nection with  the  Mississippi,  where  a  lock  will  be  required,  this  route 
already  affords,  it  is  said,  7  feet  of  water  at  all  times.  To  ascertain  the 
cost  of  deepening  this  to  9  feet,  the  depth  required  for  grain-barges,  it 
will  be  necessary  to  ascertain  the  cost  of  a  suitable  lock  at  the  Missis- 
sippi end  of  the  Mexican  Gulf  Canal,  the  cost  of  extending  the  jetties 
at  the  lake  end  of  the  same  canal,  and  of  deepening  the  whole  canal  to 
that  depth,  the  cost  of  excavation  necessary  through  the  flats  between 
Lake  Borgne  and  Mississippi  Sound,  aud  that  of  deepening  Grant's 
Pass. 

For  the  inland  water-route,  between  Mobile  and  Pensacola  Bays,  an 
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examiDation  was  made  in  1833,  provided  for  by  act  of  Congress,  with 
the  view  of  forming  an  estimate  of  the  probable  cost  of  opening  a  navi- 
gation between  the  two  bays  to  boats  drawing  7^  feet.  The  route 
recommended  was  up  Bon  Secours  Bay  and  River,  and  thence  by  a 
through-cnt  to  Bear  Creek  ;  thence  through  Bay  Lalande  into  Perdido 
Bay,  and  from  Perdido  Bay,  by  a  cut,  either  into  the  Great  Lagoon  or 
into  Bayou  Grande,  an  arm  of  Peusacola  Bay.  The  estimated  cost  at 
that  time  was  $1,000,000  for  the  route  through  Great  Lagoon,  and 
$2,000,000  for  the  route  into  Bayou  Grande.  These  estimates  would 
probably  have  to  be  doubled  at  the  present  prices  to  secure  a  9-foot 
navigation. 

Passing  eastward  from  Pensacola  Bay,  the  route  would  follow  Santa 
Rosa  Sound;  through  this  sound  into  Choctaw  hat  chee  Bay  and  River, 
thence  through  Saint  Andrew's  Bay  into  Wetappe  Creek,  and  either  by 
canal  into  Dead  Lake  and  Apalaciiicola  River  about  30  miles  from  its 
mouth,  or  through  Searey's  River  and  Lake  Wemico  to  near  the  mouth 
of  this  river,  about  5  miles  from  Apalachicola. 

The  length  of  this  continuous  line  of  bay,  river,  and  canal  naviga- 
tion is,  from  the  Mississippi  to  Grant's  Pass,  about  100  miles,  and 
from  Grant's  Pass  to  Apalachicola  River  about  200  miles;  21  miles 
of  which  last  distance  would  have  to  be  cut  through  a  comparatively 
flat,  sandy  country,  and  35  miles  would  require  to  be  widened  and  deep- 
ened to  afford  a  channel  of  9  feet.  It  has  been  roughly  estimated  that 
$7,000,000  might  probably  establish  the  route  between  Mobile  and  Apal- 
achicola. 

An  act  of  Congress  of  March  3,  1826,  directed  a  survey  to  ascertain 
the  most  eligible  route  across  Florida,  by  which  to  connect  the  Atlantic 
with  the  Gulf  of  Mexico,  by  a  canal  for  the  transit  of  boats,  and  also  to 
ascertain  the  practicability  of  a  ship-canal.  Two  routes  were  directed 
by  the  act  to  be  examined,  one  from  Saint  Mary's  River  to  Apalachi- 
cola River  or  Bay ;  the  other  from  Saint  John's  River  to  Vassasousa 
Bay,  (mouth  of  Suwannee.) 

The  Saint  Mary's  route,  as  surveyed  in  compliance  with  this  act,  com- 
menced at  Bell  River,  five  miles  above  the  entrance  of  this  arm  of  the 
sea  into  Saint  Mary's  River,  and  thence  ascended  to  the  head  of  Alliga- 
tor Creek,  one  of  the  upper  branches  of  Saint  Mary's  River;  from  this 
point  it  ran  through  Okefenoke  Swamp,  crossed  in  succession  the  Upper 
Suwannee,  the  Alapaha,  and  the  Withlacoochee  Rivers,  the  latter  a  trib- 
utary of  the  Suwannee.  From  this  point  the  route  took  its  course  to 
the  Ausilla  River,  and  thence  descended  to  Saint  Mark  to  follow  after- 
ward the  general  direction  of  the  coast  to  Apalachicola  Bay. 

Respecting  this  route  the  survey  showed  that  on  account  of  the  ele- 
vation of  the  intervening  ground  between  the  mouth  of  Bell  River  and 
Alligator  Greek,  it  would  most  likely  become  indispensable  to  follow  the 
circuitous  course  of  the  river,  which  would  increase  the  distance  about 
36  miles. 

The  survey  shows  a  distance  of  42  miles  from  Bell  River  to  the  mouth 
of  Alligator  Creek,  whilst  the  distance  measured  along  the  bank  of 
Saint  Mary's  River  is  about  78  miles. 

The  Okefenoke  Swamp,  extending  along  the  top  of  the  dividing  ridge, 
would  not,  it  was  said,  afford  any  natural  reservoir  of  consequence,  and 
45  miles  of  canal  summit-level  would  have  to  depend  entirely  on  water 
collected  in  artificial  reservoirs.  The  report  upon  the  survey  states  that 
the  nature  and  extent  of  this  swamp  give  reasonable  hope  that  by  a 
proper  system  of  drains  the  standing  water  in  the  marshes  may  be  made 
available,  by  collecting  it  in  sufBicient  quantity  to  supply  the  summit 
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and  middle  sections  of  the  canal,  bat  the  expense  woald  be  great.  From 
the  Suwannee  to  Saint  Mark,  the  canal  would  be  sufficiently  provided 
with  water  from  the  Suwannee  and  the  Ausilla ;  but  the  route  would 
have  to  wind  around  the  spur  on  which  Tallahassee  stands. 

The  distance  from  Bell  River  to  Saint  Mark,  following  the  surveyed 
line,  is  183  miles ;  keeping  along  the  banks  of  the  Saint  Mary's  River, 
up  to  the  mouth  of  Alligator  Creek,  it  would  be  219  miles.  Should  it 
be  desired  to  connect  the  Gulf  with  Saint  Mary's  River  at  the  head  of 
tide,  the  eastern  termination  of  the  canal  would  be  in  the  vicinity  of 
Barbour's  plantation,  (Trader's  Hill,)  and  the  length  of  canal  would  be 
reduced  about  28  miles.  The  elevation  of  the  summit  would  be  about 
150  feet  above  low-tide  in  the  Atlantic ;  the  whole  amount  of  ascent  and 
descent  300  feet,  or  supposing  the  summit-level  sunk  20  feet  below  the 
summit-ground,  260  feet. 

The  second  route  provided  for  by  this  act  of  Congress,  to  connect 
Saint  John's  River  with  Vassasousa  Bay,  (Wacassassa  Bay,)  commences 
at  the  mouth  of  this  river  in  the  Atlantic,  and  terminates  at  the  mouth 
of  Suwannee  River  in  the  Gulf  of  Mexico.  It  ascends  the  Saint  Johu's 
to  the  mouth  of  Black  Creek,  and  reaches,  at  Kingsl«*y'sPond,  the  head 
of  this  tributary  ;  hence  in  its  course  to  Sampson's  Pond  it  crosses  the 
Florida  Ridge,  and  then  descends  Santa  Fe  River  to  its  junction  with 
the  Suwannee,  from  which  point  it  follows  the  Suwannee  down  to  its 
entrance  into  Vassasousa  Bay,  or  it  may  be  carried  irom  some  point  of 
the  Suwannee,  before  reaching  the  Gulf,  to  Saint  Mark's  and  thence  to 
Apalachicola.  The  whole  route  from  tide- water  in  Black  Creek  to  tide- 
water in  Saint  Mark's  River  will  be  about  168  miles ;  the  ascent  and 
descent  together,  224  feet.  Natural  reservoirs  can  be  relied  on  to  supply 
the  lockage  at  the  dividing  point,  while  it  was  thought  that  recourse 
must  be  had  to  filtration  from  the  ground  to  keep  the  trunk  of  the  sum- 
mit-level replenished. 

The  size  of  canal  contemplated  in  these  surveys  was  33  feet  at  bot- 
tom and  6  feet  deep,  with  locks  100  feet  long  by  14  feet  wide.  At  the 
present  time  first-class  Mississippi  grain-barges  require  a  depth  of  9 
feet.  They  are  about  220  feet  long  and  40  feet  beaui,  and  would  require 
locks  of  at  least  250  feet  by  50  feet.  A  canal  suitable  for  the  transit  of 
such  boats  would  therefore  appear  from  this  report  to  be  impracticable 
along  the  two  routes  just  described,  for  want  ot  water. 

But  in  the  proceedings  of  the  Senate  Committee  on  Transportation- 
Routes  to  the  Seaboard,  (Senate  Doc.  Report  307,  43d  Congress,  Ist 
session,)  examination  of  Col.  P.  H.  Raiford,  page  775,  the  first  of  these 
two  routes — the  Saint  Mary's  route — is  differently  presented.  The 
canal-route  there  described  is  east  from  Saint  Mark's  forty  miles,  through 
marsh-land  to  Finnahaw  River ;  thence  30  miles  to  the  point  of  inter- 
section with  the  Suwannee,  no  portion  of  which  would  require  a  deeper 
cut  than  10  to  16  feet  for  a  depth  sufficient  for  the  largest  boats  and 
barges  of  the  western  rivers.  Then  to  ascend  the  Suwannee  by  three  or 
four  siackwaterdams  about  60  miles  above  the  point  where  the  canal 
from  the  Finnahaw  would  reach  it,  to  a  point  thirty-odd  miles  from  the 
Saint  Mary's;  there  ascend  to  the  Okefenoke  Swamp  plateau  by  three 
locks;  cross  the  plateau  with  a  maximum  cut  of  25  feet  and  descend 
to  the  Saint  Mary's  by  four  locks.  The  supply  of  water  froui  Okefe- 
noke Swamp  is  assum^^d  as  ample  for  all  purposes  of  a  canal. 

The  depth  of  cutting,  however,  here  estimated  through  the  summit  is 
much  less  than  would  accord  with  the  levels  of  the  survey  above  de- 
sciibed. 

In  the  river  and  harbor  act  of  August  30, 1852,  provision  was  made 


REPORT  OP  THE  CHIEF  OF  ENGINEERS.         511 

for  the  completion  (revision)  of  this  old  line  of  survey,  or  a  new  libe,  as 
might  be  deemed  expedient,  for  a  ship-caual  across  the  peninsula.  In 
compliance  with  this  act  the  survey  of  a  new  line  was  undertaken,  the 
extreme  points  of  which  were  the  headwaters  of  the  Saint  John's  and 
Tampa  Bay. 

The  route  surveyed  leaves  the  Saint  John's  at  the  mouth  of  the  Wee- 
kivah,  a  small  stream  four  miles  below  Lake  Monroe.  Following  the 
valley  of  this  stream  nearly  to  its  source,  as  direct  a  course  as  the  nature 
of  the  ground  will  admit  of  is  thence  taken  to  the  low  depression  of 
sand-hills  in  the  summit-divide  of  the  interior;  from  thence  the  course 
is  direct  to  the  valley  of  the  Hillsborough,  which  it  follows  until  the 
proper  depth  of  water  in  that  stream  is  reached.  This  line  is  about  115 
miles  long.  The  size  of  canal  was  fixed  at  60  feet  wide  at  surface,  and 
6  feet  deep,  with  locks  110  feet  by  16  feet.  The  total  elevation  to  be 
overcome  from  the  headwaters  of  the  Saint  John's  to  the  summit  of  the 
canal  is  107  feet.  From  Hillsborough  River  to  the  summit,  the  elevation 
is  119  feet.  Giving  the  locks  a  lift  of  8  feet  will  make  fourteen  locks 
between  Saint  John's  and  summit  and  fifteen  between  summit  and  Hills- 
borough, to  which  add  a  lock  at  each  terminus,  making,  in  all,  thirty- 
one  locks. 

The  supply  of  water  for  this  canal  is  derived  from  the  headwaters  of 
the  Ocklawaha  (Hawk  Creek)  and  of  the  Withlacoochee,  but  as  these 
streams  have  their  origin  in  several  large  sheets  of  water  south  of  the 
canal-line,  and  receive  their  supply  almost  entirely  from  them,  it  was 
proposed  to  make  these  lakes  tributary  to  the  canal.  They  are  about 
35  in  number,  vary  in  depth  from  10  to  45  feet,  and  have  an  aggre- 
gate area  of  about  15,000  acres.  They  may  be  connected  and  made 
tributary  to  a  canal  by  cuttings  of  an  aggregate  length  of  about  7 
miles.  In  addition  to  this,  there  are  extensive  swamps  and  marshes, 
usually  covered  for  eight  months  of  the  year  with  from  1  to  3  feet  of 
water,  which  can  be  connected  with  these  lakes,  the  whole  of  which,  it 
was  estimated  by  Lieut.  M.  L.  Smith,  Corps  of  Topographical  Engineers, 
the  officer  in  charge  of  the  survey,  would  make  an  area  of  198  square 
miles  that  could  be  made  tributary  to  the  summit-level  of  a  canal. 
Should  this  be  the  case,  there  would  appear  to  be  an  adequate  supply 
of  water  for  a  canal  of  even  greater  dimensions  than  that  then  pro- 
posed. 

Lieutenant  Smith  estimated  at  that  time  (1853)  the  cost  of  a  canal  of 
the  above  dimensions  between  the  Saint  John's  and  valley  of  the  Hills- 
borough, with  its  accessories,  at  $3,700,000. 

A  greater  depth  can  be  given  to  a  canal,  and  a  more  direct  course 
can  be  obtained,  by  following  the  valley  of  the  Ocklawaha  and  connect- 
ing with  the  lower  portion  of  the  Saint  John's.  In  this  case  the  sand- 
ridge  cut  by  the  summit  of  the  route  just  described  will  be  avoided, 
and  the  summit-level  could  be  reduced  some  18  or  20  feet.  There 
would  be  the  same  sources  of  supply  of  water,  with  the  addition  of 
other  lakes  near  the  head  of  the  Withlacoochee.  The  length  of  canal 
to  be  constructed  would  be  increased  about  50  miles,  but  the  whole 
transit  across  the  peninsula  shortened  by  about  20  miles.  There  is 
believed  to  be  on  this  route  a  supply  of  water  sufficient  for  a  canal  of 
the  depth  of  12  feet.  The  junction  with  the  Saint  John's  would  be  near 
Pilatka. 

From  the  foregoing  a  judgment  may  be  formed  of  the  nature  and 
extent  of  the  surveys  required  to  ascertain  the  most  advisable  location 
and  plan,  and  the  probable  cost  of  the  several  portions  of  the  routes 
in  question.    Should  Congress  see  fit  to  require  a  full  investigation  oi 
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the  subject,  an  appropriation  of  at  least  $20,(KK)  would  be  required  for 
the  purpose. 

Very  respectfully,  your  obedient  servant, 

A.  A.  Humphreys, 
Brigadier- General  and  Chief  of  Engineers, 
Hon.  Alp^onso  Taft, 

Secretary  of  War, 


report  of  captain  c.  w.  howell,  corps  of  engineers. 

United  States  Engineer  Office, 

New  Orleans^  La.^  September^  1873. 

General:  In  compliance  with  instructions  contained  in  Engineer 
Department  letter,  dated  Office  of  the  Chief  of  Engineers,  Washington, 
D.  0.,  July  22,  1873, 1  have  the  honor  to  report  on  that  portion  of  an 
inland-water  route  (suitable  for  first-class  grain-barges)  between  the 
Mississippi  Eiver  and  the  Apalachicola  River,  lying  within  and  adjacent 
to  my  district  of  operations,  viz,  from  the  Mississippi  River  to  Mobile 
Bay. 

The  best  route  is  described  as  follows :  From  Few  Orleans  down  the 
Mississippi  River,  about  12  miles,  to  the  head  of  the  Mexican  Galf 
Canal ;  thence  through  the  canal  to  Lake  Borgne ;  thence  to  Mississippi 
Sound,  through  that  and  Grant's  Pass  to  Mobile  Bay.  This  route  now 
affords  7  feet  of  water  at  all  times  and  all  places,  except  between  the 
head  of  the  canal  and  the  river. 

To  make  connection  at  this  point  necessitates  the  construction  of  a 
lock,  plans  for  which  have  been  drawn.  But  I  have  not  succeeded  in 
getting  estimates  of  cost  from  the  canal  company. 

On  a  rough  estimate,  I  set  the  cost  of  completing  this  7-foot  route 
from  the  Mississippi  to  Mobile  at  $250,000. 

The  route  so  far  is  feasible  from  an  engineering  point  of  view. 

For  first-class  grain-barges  a  depth  of  channel  of  9  feet  is  required. 
The  figures  are  as  follows : 

DIMENSIONS,  ETC.,  OF  BARGE. 

Beam 40  feet 

Floor 38    *• 

Length 220     " 

Wilfcarry 1,500  tone  freight 

WiU  carry  bulk  corn — on  deck 30, 000  bushels 

Will  carry  bulk  corn— in  hold 25,000       " 

Total 55, 000  bushels 

On  a  draught  of  9  feet. 

The  lock  at  the  Mississippi  end  being  made  of  suitable  size  to  admit 
such  barges,  they  can  be  taken  through  to  Mobile  Bay  at  high  spring- 
tides, occarring  about  six  days  each  month ;  to  take  them  through  at 
other  times  it  will  be  necessary,  first,  to  extend  the  jetties  at  the  lake 
end  of  the  Mexican  Gulf  Canal  to  9  feet  of  water  in  the  lake,  and  further 
excavate  between  them  at  a  cost  I  have  not  the  data  for  estimating. 

2d.  To  excavate  a  channel  on  an  average  2  feet  deep,  through  the 
flats  between  Lake  Borgne  and  Mississippi  Sound,  for  a  length  of  several 
miles.  The  length  can  be  ascertained  from  Coast  Survey  charts  not  yet 
issued. 

3d.  Grant's  Pass  will,  to  the  best  of  my  information,  have  to  be  deep- 
ened. 
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Commerce  nsing  the  ronte  must  pay  toll  throagli  the  canal  and 
through  Grant's  Pass. 

As  to  advantages  to  accrue  from  opening  this  route  and  prolonging 
it  to  Savannah,  I  have  but  this  to  report  as  my  opinion  : 

1st.  So  long  as  the  port  of  New  Orleans  is  open,  it  is  preposterous  to 
think  that  Savannah  can  draw,  over  the  route  here  reported  upon,  any 
portion  of  the  commerce  of  the  Mississippi  Biver,  either  export  or 
import. 

2d.  In  time  of  war,  supposing  the  Gulf  ports  blockaded  by  a  hostile 
fleet,  and  Savannah  not,  this  inland- water  ronte  would  be  invaluable. 
Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Captain  of  Engineers^  U.  S.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8,  A, 


report  of  captain  a.  n.  damrell,  corps  of  engineers. 

United  States  Engineer  Office, 

Mobile^  Ala.j  September  19, 1873. 

General:  By  letter  from  the  Engineer  Department^  dated  July  22, 
1873, 1  am  instructed  to  procure  such  information  (without  incurring 
expense)  as  would  enable  me  to  submit  my  views  as  to  the  feasibility, 
advantages,  probable  cost,  &c.,  of  a  proposed  navigable  inland-water 
route,  suitable  for  first-class  grain-barges,  between  the  Mississippi  and 
Apalachicola  Eivers ;  and,  in  compliance  with  these  instructions,  I  have 
the  honor  to  submit  the  following  report  on  that  part  of  the  route  lying 
within  my  district  of  operations,  namely,  from  the  Mississippi  Sound  to 
Apalachicola  Eiver. 

The  route  from  New  Orleans,  I  suppose,  would  be  through  a  canal 
into  Lake  Borgne,  thence  into  Mississippi  Sound,  and  through  Grant's 
Pass  into  Mobile  Bay.  From  here  I  propose  the  following  location  : 
Across  Mobile  Bay  into  Bon  Secour  Bay;  thence  either  through  Bear 
Creek  or  through  the  Little  Lagoon  into  Perdido  Bay;  from  here,  through 
the  Grand  Bayou,  into  Pensacola  Bay  and  Santa  Eosa  Sound ;  through 
this  sound  into  Ghoctawhatchee  Bay  and  Eiver;  thence  through  Saint 
Andrew's  Bay  into  Wetappo  Creek ;  from  here,  either  by  canal  into 
Dead  Lake  and  Apalachicola  Eiver,  about  30  miles  from  its  mouth,  or 
through  Searcy's  Eiver  and  Lake  Wemico  to  near  the  mouth  of  said 
river,  about  5  miles  from  Apalachicola. 

The  distance  by  this  route,  forming  a  continuous  line  of  bay,  river, 
and  canal  navigation  from  Grant's  Pass  to  Apalachicola  Eiver,  is  about 
200  miles,  21  miles  of  which  would  have  to  be  cut  through  a  compara- 
tively level,  sandy  country,  while  about  35  miles  would  require  to  be 
widened  and  deepened,  to  afford  a  channel  of  9  feet  depth  at  mean  low- 
water,  with  a  width  of  100  feet  through  its  entire  length. 

The  country  along  this  route  is  very  thinly  settled,  and  without  in- 
curring considerable  expense  it  is  impossible  to  obtain  any  correct  infer- 
mation  on  which  to  base  a  close  estimate  of  the  cost  of  this  work. 

From  all  the  data  at  present  at  my  command,  I  calculate  that  an  out- 
lay of  about  $7,000,000  would  be  necessary  to  permanently  establish 
this  route,  with  a  channel  as  above  stated. 

On  the  inclosed  map,  the  proposed  route  is  plainly  marked  out,  indi- 

33e 
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eating  also  sach  changes  in  location  as  on  closer  examination  might 
prove  preferable. 

Such  a  route  would,  in  my  opinion,  be  entirely  feasible  as  a  work  of 
engineering,  but,  with  its  proposed  terminus,  it  possesses  no  commer- 
cial advantages  as  long  as  the  ports  of  New  Orleans  and  Mobile  are 
kept  open,  and  would  no  doubt  prove  a  financial  failure. 

Such  a  work  could  only  become  of  national  importance  with  a  ter- 
minus in  a  good  harbor  on  the  Atlantic  coast. 
Very  respectfully,  your  obedient  servant, 

A .  K  D AMBELL, 

Captain  of  Engineers^  U.  8.  A, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8,  A^ 


EXTRACT  FROM  THE  REPORT  OF  THE  BOARD  OF  INTERNAL  IMPROVE- 
MENT UPON  THE  RESULTS  OF  SURVEYS,  MADE  IN  COMPLIANCE  WITH 
ACT  OF  CONGRESS  OF  MARCH  3,  1826,  OF  ROUTES  FOR  A  CANAL 
BETWEEN  THE  ATLANTIC  AND  THE  GULF  OF  MEXICO,  PRINTED  IN 
DOC.  102,  TWENTIETH  CONGRESS,  FIRST  SESSION,  AND,  WITH  ADDI- 
TIONS, IN  DOC.  H.  R.  185,  TWENTY-SECOND  CONGRESS,  FIRST  SESSION. 
SEE  ALSO  DOC.  H.  R.  61,  TWENTY-THIRD  CONGRESS,  IIRST  SESSION, 
FOR  REPORT  ON  SURVEYS  FOR  A  CANAL  TO  CONNECT  MOBILE  AND 
PENSACOLA  BAYS. 


INVESTIGATIONS  OF  THE  SEVERAL  ROUTES  OF  A  CANAL  ACROSS  THE 

PENINSULA  OF  FLORIDA. 

From  the  foregoing  description  of  surveys,  it  can  be  inferred  that  the 
routes  through  Saint  Mary's  Kiver  and  -tbrough  Black  Creek  are  the 
only  ones  for  a  canal  destined  to  connect  the  Atlantic  with  the  Gulf  of 
Mexico. 

Inspecting  the  Saint  Mary's  route,  it  has  been  shown  that  on  account 
of  the  great  elevation  of  the  intervening  ground  between  Bell  Kiver 
and  Saint  Mary's  Kiver  at  the  crossing  point,  and  also  between  this 
point  and  the  mouth  of  Alligator  Greek,  it  would  most  likely  become 
indispensable  to  follow  the  very  circuitous  course  of  the  river,  a  circum- 
stance which  would  increase  tbe  distance  by  about  36  miles ;  indeed, 
tbe  survey  shows  a  distance  of  42  miles  from  Bell  Kiver  to  the  mouth 
of  Alligator  Creek,  while  the  computed  distance  measured  along  the 
bank  of  Saint  Mary's  Kiver  amounts  to  about  78  miles. 

Again,  it  has  been  stated  that  the  Okefenoke  Swamp,  stretching  on 
the  top  of  the  dividing  ridge,  did  not  afford  any  natural  reservoir  of 
consequence ;  and  that  45^  miles  of  canal  would  have  to  depend  entirely 
on  water  collected  in  artiticial  reservoirs.  On  this  score,  tbe  nature 
and  great  extent  of  this  swamp  give  reasonable  hopes  that,  by  a  proper 
system  of  drains,  the  standing  water  in  the  marshes  would  be  made 
available  by  collecting  it  in  sufficient  quantity  to  supply  the  summit 
and  middle  sections  of  this  canal,  but  the  expense  would  be  great, 
though  partially  compensated  by  the  increased  value  of  the  land  thus 
reclaimed. 

From  the  Suwannee  to  Saint  Mark,  the  canal  would  be  sufficiently  pro- 
vided with  water  from  the  SuwanncQ  and  the  Ausilla;    but,  as  it  has 
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been  stated  before,  this  roate  would  have  to  wind  around,  soath  of  the 
surveyed  line,  the  spur  on  which  stands  the  district  of  Tallahassee. 

The  distance  from  Bell  Eiver  to  Saint  Mark,  in  following  the  surveyed 
line,  is  183|  miles ;  but,  in  keeping  along  the  bank  of  Saint  Mary's  Biver, 
the  route  of  canal,  from  the  junction  of  Bell  Eiver  up  to  the  mouth  of 
Alligator  Greek,  would  be  about  36  miles  longer,  or  219  miles. 

However,  were  it  in  contemplation  to  connect  the  Gulf  with  the  Saint 
Mary's  River,  at  the  head  of  tide,  the  eastern  termination  of  the  canal 
would  be  in  the  vicinity  of  Barbour's  plantation ;  and  should  it  prove 
practicable,  and  within  reasonable  expense,  to  descend  from  Okefenoke 
Swamp  into  Saint  Mary's  Eiver,  in  following  a  direct  course,  the  dis- 
tance to  Saint  Mark  would  be  155  miles;  but  should  it  be  found  indis- 
pensable to  follow  the  river,  in  order  to  descend  from  Okefenoke  Swamp 
to  tide-water,  the  distance  to  Saint  Mark  would  be  192  miles. 

In  either  case,  the  elevation  of  the  summit-level  will  remain  the  same, 
152  feet  above  low-tide  in  the  Atlantic,  and  148  feet  above  low-tide  in 
the  Oulf ;  the  whole  amount  of  ascent  and  descent  will  be  296  feet, 
measured  from  a  level  4  feet  above  low-water  in  the  Atlantic  to  the 
level  of  low-tide  in  the  Gulf;  or,  rather,  256  feet,  by  supposing  the  sum- 
mit-level sunk  20  feet  below  the  summit-ground. 

Before  entering  into  particulars  relating  to  the  route  of  canal  through 
the  headwaters  of  Black  Creek  and  Santa  F^  Eiver,  it  is  necessary  to 
determine  where  should  be  assumed  the  eastern  and  western  termina- 
tions of  the  canal.  Eespecting  the  eastern,  it  would  seem  that  the  mouth 
of  Saint  John's  should  be  selected  as  the  most  eligible,  but  such  a  de- 
bouch would  not  be  without  inconveniences. 

1st.  Small  boats  cannot,  without  great  danger,  stem  the  current  of 
Saint  John's  Eiver  above  its  mouth,  and  sea-vessels  require  strong  and 
very  favorable  wind  to  cross  over  the  shifting  bar  and  to  make  head 
against  the  bold  current  of  either  ebb  or  flood  tide.  These  circum- 
stances render  the  entrance  of  the  Saint  John's  not  accessible  in  adverse 
weather,  dangerous  when  the  wind  does  not  assivSt  sufficiently  against 
the  current)  and  precarious  on  account  of  the  necessary  concurrence, 
or  rather  relation,  which  must  bike  place  between  the  wind  and  the 
current,  to  facilitate  the  sailing  in  or  out  of  the  river. 

2d.  Such  difficulty  of  access  would,  in  time  of  war,  prove  very  inju- 
rious on  a  coast  which,  south  of  the  Saint  John's,  presents  no  shelter  of 
any  consequence.  The  safest  for  vessels  bound  to  the  canal  would  be 
to  make,  iirst,  the  harbor  of  Saint  Mary's,  and  there  to  wait  for  propi- 
tious weather. 

3d.  It  has  been  stated,  in  describing  the  surveys  executed  in  relation 
to  the  Saint  John's  route,  that  a  canal  from  a  point  opposite  the  mouth 
of  Black  Creek  to  the  mouth  of  Pablo  Creek  would  require,  above  low- 
tide,  an  excavation  averaging  28  feet  in  depth,  or  26^  miles  in  length. 
This  section  of  canal  would  save  a  distance  of  about  16  miles,  when 
compared  to  the  natural  channel  of  the  river.  This  advantage  cannot 
balance  the  expense  tor  the  construction  of  this  portion  of  the  canal. 
Indeed,  in  keeping  this  line  of  canal  nearer  to  the  bank  of  the  Saint 
John's,  the  excavation  would  not  prove  so  great,  but  the  distance  then 
would  not  become  materially  lessened. 

4th.  It  has  also  been  shown  that  a  section  of  canal  from  the  fork  of 
Black  Greek  to  the  mouth  of  this  tributary  of  the  Saint  John's  would 
involve  into  an  extraordinary  excavation,  and  be  deprived  of  a  suffi- 
ciency of  water.  Besides,  when  compared  to  the  natural  channel  of 
Black  Creek,  it  would  not  shorten  the  distance  more  than  by  4  or  5 
miles. 
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5tli.  A  cuual  from  the  fork  of  Black  Creek  to  the  mouth  of  the  Saint 
John's,  following  the  banks  or  margins  of  both  rivers,  would  not  procure 
considerable  advantages  over  the  natural  channels,  which  enjoy  the 
benefit  of  tides,  nor  could  it  remove  the  difficulty  of  ingress  from  or 
egress  to  the  sea.  A  vessel  having  made  into  the  Saint  John's  can  then 
ascend  as  far  up  as  the  fork  of  Black  Greek,  head  of  tide-navigation,  for 
the  depth  of  water  over  the  bar  at  the  mouth  of  Black  Greek  is  6^  feet 
at  low-tide  and  8  feet  at  high-tide,  the  latter  being  little  more  than  the 
depth  over  the  Saint  John's  Bar  at  medium  low-tide.  Therefore,  should 
the  mouth  of  the  Saint  John-s  be  assumed  as  the  debouch  into  the  At- 
lantic of  the  water-communication  across  the  peninsula,  a  canal  from 
this  point  to  the  fork  of  Black  Greek  would  afford  no  sufficient  advantage 
to  warrant  its  expense  of  construction. 

Gth.  If  taken  into  consideration  that  the  inconsiderable  depth  of 
water  over  the  Saint  John's  Bar,  as  also  the  insufficiency  of  water  on  the 
summit-level,  preclude  the  idea  of  a  ship-channel,  the  transshipping  of 
cargo  from  sea- vessels  to  boats,  or  from  boats  to  sea-vessels,  will  remain 
the  same,  whether  the  canal  terminates  at  the  mouth  of  the  Saint  John's 
or  at  the  fork  of  Black  Greek.  Therefore,  while  convenience  does  not 
strictly  necessitate  the  extension  of  the  canal  to  the  mouth  of  the  Saint 
John's,  considerations  of  economy  lead  the  board  to  recommend  the  fork 
of  Black  Greek,  head  of  tide-navigation,  as  the  eastern  termination  of 
the  canal. 

Now,  it  remains  to  determine  whether  the  debouch  of  this  communi- 
cation into  the  sea  must  be  at  the  mouth  of  Saint  Mary's  Harbor,  or  of 
tbe  Saint  John's.  To  the  local  inconveniences  just  enumerated  in  regard 
to  the  latter,  are  to  be  added  those  relative  to  the  inland  navigation 
along  the  coast.  Indeed,  the  lower  part  of  the  Saint  John's  is  connected 
with  Saint  Mary's  Harbor  but  by  the  natural  crooked  channel  called 
Indian  Passage,  which  admits  the  transit  of  row-boats  only ;  and,  in 
the  present  state  of  things,  the  natural  inland- water  communication  par- 
allel to  the  coast  can  be  considered  as  terminating  at  Saint!Mary's.  This 
commodious  harbor,  presenting  on  the  bar  a  depth  of  lo^  feet  at  low- 
water  and  19^  feet  at  common  high-tide,  is  susceptible  of  defense,  and 
derives  a  great  importance  from  the  circumstance  of  being  the  only 
good  harbor  from  the  boundaries  of  Georgia  to  Gape  Florida. 
»  From  this  it  can  be  inferred  that  the  mouth  of  the  Saint  John's  is 
not  virtually  connected  with  an  inland-water  communication  parallel  to 
the  coast,  while  Saint  Mary's  Harbor  is  an  interesting  station,  at  which 
terminates  the  natural  inland  navigation  from  the  Ghesapeake  to  Flor- 
ida— ^navigation  which  could  be  extended  to  the  head  of  Saint  John's 
Kiver  by  opening  a  canal  in  the  direction  of  the  inland  passage  from 
Saint  Mary's  to  the  Saint  John's.  This  canal  would  procure  to  the  water- 
communication  across  the  peninsula  the  most  eligible  debouch  into  the 
Atlantic,  and  would,  besides,  form  the  southern  link  of  our  inland-water 
communication  parallel  to  the  coast,  in  the  same  manner  as  the  Dismal 
Swamp  Ganal  forms  the  northern  link  of  the  same  navigable  line.  Here, 
it  must  be  remarked,  that  the  Saint  John's,  in  descending  from  the  south, 
effects  a  parallel  direction  to  the  coast,  and  that  south  of  its  head- 
branches  the  territory  of  Florida  will  most  likely  not  soon  be  settled,  on 
account  of  the  sandy  and  swampy  nature  of  the  soil.  Therefore,  the 
upper  parts  of  the  Saint  John's  may  be  considered  as  being  the  south- 
ern extremity  of  the  line  of  natural  water-communication  parallel  to  tbe 
coast ;  at  least  there  appears  at  the  present  time  no  plausible  motive  to 
have  it  extended  farther  south. 

These  considerations  induce  the  board  to  recommend  Saint  Mary's  Har- 
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bor  as  the  deboach  into  the  Atlantic  of  the  contemplated  coinmunica' 
tion,  ai!<],  to  this  effect,  to  open  a  canal  for  sloops  from  Saint  Mary's  Bar. 
bor  to  the  Saint  John's. 

Let  us  pass  now  to  the  investigation  relative  to  the  western  termina- 
tion of  tlie  canal.  It  has  been  shown,  in  the  description  of  the  surveys 
executed  on  the  Saint  John's  routiC,  that  the  canal  would  debouch  into 
the  Suwannee,  at  or  in  the  vicinity  of  the  mouth  of  Santa  F6  River. 
From  this  point  the  canal  has  either  to  descend  to  the  Gulf  in  following 
the  Suwannee,  or  to  take  a  direction  to  Saint  Mark.  In  the  first  case, 
the  distance  to  the  Gulf  would  be  55  miles ;  in  the  second,  about  95  miles, 
(from  computation.)  Thus,  shortness  of  distance  and  an  unobstructed 
navigation  in  the  Suwannee  seem  at  first  to  be  in  favor  of  the  former 
course,  and  more  especially  when  it  is  taken  into  view  that  a  canal  for 
boats  might  end  at  the  mouth  of  the  Santa  F6,  where  might  commence 
a  commodious  steamboat-navigation.  But,  most  unfortunately,  the  ac- 
cess from  the  sea  to  the  mouth  of  the  Suwannee  is  much  obstructed  by  oys- 
ter-banks, and  the  approach  to  the  shore  impeded  by  the  extensive  shoal 
making  along  the  coast  from  Espiritu  Santo  to  Saint  Mark ;  sail-vessels 
drawing  more  than  5  feet  cannot  at  high-tide  hazard  to  steer  for  the 
mouth  of  the  Suwannee,  and  even  this  draught  would  be  too  great  during 
the  prevalence  of  northerly  winds.  To  this  must  be  added,  that  from  the 
bay  of  Espiritu  Santo  to  Saint  Mark  the  coast  presents  no  shelter  where 
vessels  could  lie  at  anchor  and  wait  for  propitious  weather.  From  these 
considerations,  it  can  be  concluded  that  by  using  the  Suwannee  as  a 
navigable  stream  a  steamboat-navigation  might  be  established  down  to 
the  mouth  of  this  river,  but  hence  to  Saint  Mark,  Pensacola,  and  !New 
Orleans  the  passage  by  sea  would  become  very  precarious,  on  account 
of  the  circumstances  just  enumerated.  Therefore,  to  obtain  a  perma- 
nent communication  and  a  more.commodious  debouch  into  the  Gulf  the 
only  alternative  is  to  terminate  the  canal  into  the  harbor  of  Saint  Mark. 
It  will  be  remembered  that  Saint  Mark's  Kiver  affords,  at  its  mouth,  8 
feet  of  water  at  high-tide,  and  that  a  good  anchorage  is  found  inside  of 
the  outer  bar  for  vessels  drawing  10  feet.  To  this  must  be  added,  first, 
that  the  coast  east  of  Saint  Mark  is  not  provided  with  any  inland  natural 
channel  parallel  to  it,  while,  to  the  west  of  Saint  Mark,  the  great  depth 
of  water  along  the  shore  and  various  intervening  sounds  will  facilitate, 
if  not  a  complete  inland  navigation,  at  least  a  pretty  safe  one  along  the 
coast,  many  good  anchorages  being  found  from  Saint  Mark  to  Pensa- 
cola ;  second,  that  the  vicinity  of  Saint  Joseph's  Bay  will  secure  to  the 
anchorage  of  Saint  Mark  the  efficient  protection  of  our  armed  vessels  ; 
third,  in  fine,  that  the  debouch  of  the  canal  being  near  to  the  thriving 
settlement  of  Tallahassee,  will,  in  time  of  war,  become  supported  by  a 
population  more  compact  than  probably  would  be  afforded  by  any  other 
district  of  Florida,  and  that  it  will  also  insure  at  all  times  the  commu- 
nication of  this  district  with  the  Atlantic  States. 

The  western  termination  of  the  canal  being  thus  determined,  it  remains 
to  devise  as  to  the  route  of  the  section  of  canal  which  would  connect  the 
Santa  F6  with  the  harbor  of  Saint  Mark.  The  board  entertain  no  doubt 
as  to  its  practicability,  and  had  the  line  from  the  mouth  of  the  VVithla- 
coochee  to  Saint  Mark  been  run  in  conformity  with  the  instructions,  as  a 
line  of  canal  instead  of  a  line  of  levels,  the  survey  executed  in  that  quar- 
ter would  have  afforded  positive  data  upon  which  would  rest  the 
practicability  of  a  canal  from  the  Santa  F6  to  Saint  Mark.  However, 
the  surveys  performed  along  the  Santa  ¥6  River  and  the  Suwanne,  pro- 
cure individual  facts  which  will  assist  the  board  in  pointing  out  the 
section  of  canal  route  under  consideration. 
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The  bank  of  the  Santa  F6,  near  the  place  (Natnral  Bridge)  where  the 
river  sinks  under  ground,  is  68  feet  above  the  Gulf.  Six  miles  above 
this  place  the  rise,  caused  by  freshets,  is  represented  to  be  14.22  feet 
above  the  common  stage  of  water.  The  quantity  of  water  yielded  by  the 
river  at  Rocky  Ford,  14  miles  above  the  Natural  Bridge,  has  been  found 
to  be  176.6  cubic  feet  per  second ;  the  river  was  then  11.2  feet  below 
high-water  mark.  From  these  facts  it  can  be  concluded  that  by  dam- 
ming the  Santa  F^,  at  a  favorable  place  above  the  Natural  Bridge,  the 
whole  water  of  the  river  will,  at  common  stage,  become  available,  and 
yield  at  least  176.6  cubic  feet  per  second,  besides  the  resources  of  a  res- 
ervoir which  will  extend  several  miles  toward  Rocky  Ford.  This  supply 
will  be  more  than  necessary  to  feed  50  miles  of  canal  through  sandy 
ground. 

The  Suwannee  at  Charles  Ferry,  where  it  is  crossed  by  the  military 
road  from  Saint  Augustine  to  Tallahassee,  has  its  bank  52  feet  above  the 
Gulf,  and,  therefore,  16  feet  below  the  bank  of  the  Santa  F6,  near  the 
upper  end  of  the  Natural  Bridge.  This  shows  that  there  is  a  fall  be- 
tween these  two  points ;  and,  though  the  surveys  do  not  exhibit  pre- 
cisely the  respective  elevation  of  the  streams  at  Charles  Ferry  and  at 
the  Natural  Bridge,  yet  this  fall  remains  well  ascertained;  whence  re- 
sults the  practicability  of  a  canal  from  the  latter  point  to  the  other. 
The  distance  will  be  about  50  miles,  the  ground  easy,  and  the  supply  of 
water  suflBcient. 

The  Ausilla,  where  crossed  by  the  Saint  Mary's  line  of  levels,  is  47 
feet,  and  its  eastern  bank  73  feet  above  the  Gulf.  Therefore,  by  assum- 
ing, on  this  river,  and  below  the  latter  point,  a  convenient  termination 
with  regard  to  the  Suwannee,  in  the  vicinity  of  Charles  Ferry,  the  two 
streams  will  easily  be  connected  by  a  canal  descending  to  the  Ausilla, 
and  well  supplied  from,  the  Suwannee.*  The  distance  will  be  about  45 
miles. 

From  the  Ausilla  to  Saint  Mark,  the  distance  will  be  about  20  miles, 
and,  in  this  direction,  a  canal  will  receive  from  the  Ausilla  a  large  sup- 
ply of  water,  amounting,  as  stated  before,  to  217.8  cubic  feet  per  second. 

Such  is  the  route  which  the  board  recommend  to  connect  the  Santa 
F6  with  the  harbor  of  Saint  Mark.  The  whole  distance  will  be  about 
115  miles;  the  descent  to  low-tide  in  the  Gulf  (low-tide  which  is  sup- 
posed to  be  about  4  feet  above  low-tide  in  the  Atlantic)  is  assumed  62 
feet  from  Rocky  Ford ;  the  supply  of  water  will  be  largely  furnished  by 
the  Santa  F^,  the  Suwannee,  and  the  Ausilla.  With  regard  to  the 
ground,  it  will  not  necessitate  much  extra  excavation,  the  digging  will 
generally  be  easy;  however,  on  many  portions  of  great  extent,  it  will 
be  necessary  to  carry  the  line  of  canal  through  marshes  and  cypress- 
swamps.  A  great  waste  of  water  is  to  be  expected  from  nitration 
through  the  sandy  upper  stratum,  lying  on  a  substratum  of  porous  and 
rotten  limestone,  and  also  from  evaporation  ;  but  the  means  of  supply 
are  very  great;  and,  during  heavy  showers,  so  frequent  under  the  cli- 
mate of  Florida,  the  trunk  of  the  canal  will  receive,  from  filtration  of 
the  ground,  very  copious  additional  supply. 

It  remains  now  to  investigate  the  section  of  canal  which  would  be  the 
continuation  of  the  preceding  one  to  the  fork  of  Black  Creek,  that  is  to 
say,  to  the  head  of  tide-water  on  the  Atlantic. 

This  section  comprehends  the  summit-level,  and  has  to  rely  for  supply 
mainly  on  the  natural  reservoirs  of  Sampson's  and  Kinsley's  ponds;  the 
former  126.4  feet,  the  other  171  feet,  above  low- tide  in  the  Atlantic; 
about  4  feet  less  above  low-ide  in  the  Gulf. 

Kinsley's  pond,  on  the  eastern  side  of  the  ridge,  might  be  assumed  as 
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the  sammit  of  the  canal,  were  its  supply  of  water  sufficient,  but  this 
supply  is  far  from  being  adequate  to  the  object.  Indeed,  this  reservoir 
would  have  to  provide  for  about  14  miles  of  canal,  (shortest  distance 
between  Sampson's  pond  and  a  point  6  miles  above  the  fork  of  Black 
Creek,  where  a  reservoir  might  be  obtiiined  in  the  valley  of  Bull  Creek,) 
and  for  lockage  at  the  summit.  The  canal  being  supposed  to  be  33  feet 
at  the  bottom,  and  to  have  a  depth  of  water  of  5  feet,  it  will  require 
per  month  and  per  mile  120,000  cubic  yards — absorption,  filtration,  and 
evaporation  being  taken  into  account ;  the  14  miles  will  therefore  require 
for  nine  months  15,120,000  cubic  yards.  Owing  to  the  nature  of  the 
climate,  the  navigation  must  be  open  throughout  the  year;  but,  in  this 
calculation,  nine  months  only  are  assumed,  because  it  is  expected  that, 
during  three  months  of  heavy  rain,  the  freshets,  in  the  head  branches 
of  Black  Creek  and  Santa  F6  Eiver,  will  supply  these  fourteen  miles  of 
canal. 

Assuming  the  passage  of  boats  per  day  to  be  45  each  day,  or  90  both 
ways,  the  number  throughout  the  year  will  be  32,850,  which,  at  the  rate 
of  one  and  a  half  lock-full,  or  623  cubic  yards  per  each  boat,  will  require 
20,465,550  cubic  yards  of  water  per  annum.  The  lock  is  here  supposed 
to  be  100  feet  long,  14  wide  in  the  clear,  and  8  feet  lift. 

Adding  together  the  two  items  of  expense  of  water,  it  will  be  found 
that  35,585,550  cubic  yards  of  water  are  necessary  to  supply,  during  th'e 
whole  year,  the  prism  of  the  canal  and  the  lockage  at  the  summit. 
.  The  superficies  of  Kinsley's  pond  is  77,714,100  square  yards;  the 
depth  has  not  been  ascertained,  but  is  represented  to  be  about  6  feet.  This 
reservoir  cannot,  therefore,  be  deemed  to  contain  more  than  15,428,000 
cubic  yards  of  water ;  a  quantity  which,  if  available,  would  not  be  half 
of  what  is  necessary.  But  such  supply  cannot  be  drawn  from  the  pond, 
the  localities  presenting  no  probable  means  to  have  this  pond  replen- 
ished as  fast  as  partially  drained;  indeed,  the  country  sloping  around 
it  is  of  small  extent  in  superficies,  and  its  outlet,  dry  in  summer,  is 
not  considered  as  yielding  more  than  10  cubic  feet  of  water  per  second 
during  the  rainy  season.  Tiiis  pond  seems,  therefore,  to  be  fed  mainly 
from  filtration,  inasmuch  as  it  receives  no  water  course,  and,  as  is  well 
known,  the  loss  of  a  reservoir  throughout  the  year  by  evaporation  is 
greater  than  the  rnin  falling  on  its  surface.  During  the  rainy  season 
the  rise  of  the  pond  is  represented  as  being  sometimes  2  feet ;  and,  in 
clamming  the  outlet,  this  elevation  can  be  considered  as  the  maximum 
depth  of  available  water;  this  would  produce  a  supply  of  5,142,466  cubic 
yards  of  water. 

This  result  shows  that  Kinsley's  pond  alone  is  ifiadequate  to  procure 
the  whole  water  required.  Therefore,  the  summit-level  must  be  kept 
lower,  and  tried  at  the  elevation  of  the  reservoir,  immediately  below,  and 
which  lies  on  the  western  side  of  the  ridge. 

This  reservoir  is  Sampson's  pond,  45.4  feet  below  Kinsley's  pond  ;  its 
superficies  is  16,362,777  cubic  yards,  and  its  rise,  during  the  rainy  sea- 
son, has  been  ascertained  to  be  3  feet;  therefore,  the  minimum  supply 
to  be  drawn  from  this  pond  can  safely  be  estimated  at  16,362,777  cubic 
yards,  more  especially  should  the  outlet  to  this  reservoir  be  dammed. 
This  supply  added  to  that  of  Kinsley's  pond  will  give  21,505,443  cubic 
yards  for  the  quantity  of  available  water  drawn  from  both  ponds,  a  quan- 
tity sufficient  to  supply  the  lockage. 

By  keeping  thus  the  summit-level  at  a  less  elevation,  a  deep  cut  will 
become  indispensable  through  the  top  of  the  dividing  ridge;  but,  taking 
into  consideration  that  the  streams  of  Florida,  in  this  quarter,  receive 
'few  tributaries,  and  are  chiefly  fed  by  filtration,  the  board  anticipate 
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that  this  deep  cat  will  procare  the  advantage  of  feeding,  by  means  of 
filtration,  the  prism  of  the  portion  of  canal  forming  the  summit,  a  prism 
which  would  thus  Income  an  artificial  reservoir. 

This  deep  cut,  in  following  a  direct  course  from  Kinsley's  pond  to 
Sampson's  pond,  would  require,  under  the  very  top  of  the  ridge,  a  depth 
of  122.1  feet,  by  assuming  the  bottom  10  feet  below  the  medium  level  of 
Sampson's  pond,  or  116.4  feet  above  the  Altantic.  But  the  line  of  levels 
from  Orange  Lake  to  Sampson's  pond  shows  that  the  top  of  the  ridge, 
east  of  Little  Santa  ¥6  pond,  or  the  25th  mile  from  Orange  Lake,  is  but 
158  feet  above  the  Atlantic ;  while  in  the  direction  of  Kinsley's  pond 
and  Sampson's  pond  the  elevation  is  as  much  as  237.5  feet ;  therefore^ 
at  this  place,  the  top  is  79.5  feet  higher  than  it  is  in  the  vicinity  of  Little 
Santa  F6  pond.  This  circumstance  indicates  that  the  ridge  becomes 
depressed  between  the  outlet  of  Kinsley's  pond  and  the  southern  head- 
branch  of  Santa  F6  River;  the  summit-level  must  consequently  take  thi& 
course,  in  order  to  lessen,  as  much  as  practicable,  the  depth  of  the  cut 
through  the  ridge.  Thus,  the  cut  will  commence  in  the  valley  of  Bull 
Greek,  at  a  point  116.4  feet  above  the  Atlantic,  54.6  feet  below  the  sur- 
face of  Kinsley's  pond,  and  41.6  feet  below  the  summit  of  the  ridge, 
in  the  vicinity  of  Little  Santd  F6  pond ;  hence  it  will  take  its  course- 
toward  this  pond,  to  terminate  into  Santa  F6  River,  at  a  point  10  feet 
below  the  medium  level  of  Sampson's  pond,  or  116.4  feet  above  the 
Atlantic.  By  following  the  depression  of  the  ridge,  the  greatest  depth 
of  the  cut  will  not  probably  exceed  60  feet,  and  the  length  of  the  summit- 
level  will  be  about  25  miles.  The  eastern  end,  in  Bull  Greek,  will  be  3> 
miles  east  of  Kinsley's  pond,  9  miles  from  the  fork  of  Black  Greek ;  the 
western  end,  in  Santa  F6  River,  will  be  about  5  miles  above  Rocky 
Ford,  and  5  miles  from  Sampson's  pond. 

From  these  premises,  it  is  seen  that,  by  assuming  the  summit-level 
116.4  feet  above  the  Atlantic,  the  two  ponds  will  furnish  the  necessary 
water  for  lockage ;  but  with  respect  to  the  prism  of  the  level,  about  25 
miles  in  length,  it  has  to  rely  entirely  on  the  resources  derived  from 
filtration  through  the  ground.  Therefore,  the  practicability  of  the  canal 
rests  altogether  on  this  point. 

The  following  observations,  made  by  the  board  during  their  examina- 
tion of  the  peninsula  of  Florida,  lead  them  to  anticipate  a  favorable    * 
result : 

1st.  The  sandy  upper  stratum  and  the  rotten  limestone  substratum 
will  facilitate  the  filtration  to  a  high  degree. 

2d.  The  ponds  on  the  summit  of  the  ridge  are  chiefly  kept  full  by 
filtration.  * 

3d.  The  numberless  ponds,  of  various  sizes,  scattered  everywhere  o\v 
the  surface  of  the  peninsula  form  a  strong  indication  of  the  facility  af- 
forded by  the  ground  for  the  transmission  through  it  of  water  to  inferior 
levels. 

4th.  The  main  streams  of  the  peninsula  have  few  tributaries;  they  are> 
however,  flush  during  the  warm  season,  and  suddenly  swelled  by  acci- 
dental heavy  showers.  This  shows  that  they  must  chiefly  receive  their 
supply  from  filtration. 

Should,  however,  the  foregoing  facts  be  deemed  not  sufficient  to  insure 
the  result,  though  anticipated,  yet  not  positively  warranted  by  the  boards 
the  practicability  of  the  canal  would  then  remain  altogether  questionable 
till  the  sinking  of  shafts  to  the  depth  of  the  cut  should  have  tested  the- 
degree  of  reliance  to  be  placed  on  the  foregoing  conjectures. 

From  the  eastern  end  of  the  summit-level  to  the  fork  of  Black  Creek 
the  distance  will  be  about  9  miles,  and  the  fall  112.4  feet,  to  a  level  4. 


REPORT   OF   THE   CHIEF   OF   ENGINEERS.  521 

feet  above  low-tide  in  the  Atlantic.  This  portion  of  the  canal  will  be 
fed  by  a  reservoir  in  the  valley  of  Bull  Creek,  by  the  south  pron^f  of 
Black  Greeky  and  by  the  water  previously  used  for  lockage  at  the  sum- 
mit. 

From  the  western  end  of  the  summit-level  to  the  Natural  Bridge,  the 
length  of  the  canal  will  be  about  19  miles,  and  fall  50.4  assumed  down 
to  Rocky  Ford.  The  Santa  F6,  the  north  fork  of  Santa  F6,  and  the 
water  previously  used  for  lockage  at  the  summit,  will  supply  this  por- 
tion of  canal. 

The  whole  length,  and  the  ascent  and  descent,  of  the  route  of  canal 
from  the  fork  of  Black  Creek  to  the  harbor  of  Saint  Mark  will  be  as 
follows : 

Milei.     Feet 

From  the  fork  of  Black  Creek  to  the  eastern  end  of  the  sammit-level 9  . 

Ascent  from  4  feet  above  low-tide 112.4 

Sum m it-level y  length  about 25 

From  the  western  end  of  the  summit-level  to  the  Natural  Bridge,  distance.      19 

Descent 50.4 

From  the  Natural  Bridge  to  Saint  Mark,  at  low-tide  in  the  Qulf,  distance.     115 
Descent 62.0 

Whole  distance  and  ascent  and  descent 168    224.8 


Let  us  compare,  now,  this  route  with  that  of  Saint  Mary's.  The  dis- 
tance by  the  latter  from  the  head  of  tide  in  Saint  Mary's  River  to  low- 
tide  in  the  harbor  of  Saint  Mark  will  be  192  miles  in  following  the  bank 
of  the  river,  and  the  whole  amount  of  ascent  and  descent  256  feet :  there- 
fore, respecting  distance  and  expense  of  lockage,  the  Saint  John's  route 
has  the  advantage. 

Both  routes  will  require  expensive  excavations  to  supply  the  summit- 
level  with  water.  But  on  the  Saint  John's  route  the  item  of  lockage  is 
secured,  and  the  prism  of  canal,  which  is  to  be  supplied  by  filtration,  is 
only  25  miles  long;*  while  on  the  Saint  Mary's  route,  draining  and  filtra- 
tion must  procure  the  water  required  both  for  lockage  and  for  46  miles 
of  canal.  In  such  a  state  of  things,  the  Board  consider  the  chances  of 
greater  expense  and  of  insufficiency  of  water  as  against  the  Saint  Mary's 
route,  and,  therefore,  recommend  the  Saint  John's  route. 

This  route  has,  besides,  the  advantage  of  being  susceptible  of  affording 
an  early  and  partial  result,  by  terminating  either  in  the  Suwannee  or 
the  Santa  F6,  where,  a  point  being  assumed  as  the  head  of  steamboat 
navigation,  a  water-communication  through  the  canal  and  the  Suwanne 
would  become  established  between  the  Atlantic  and  the  Gulf. 

With  regard  to  a  sloop-canal,  connecting  the  harbor  of  Saint  Mary's 
with  the  Saint  John's  Eiver,  its  main  object  is  independent  of  a  canal 
across  the  peninsula.  Should  the  Saint  Mary's  route  be  preferred,  its 
importance  would  remain  the  same,  but  it  would  increase  should  the 
Saint  John's  route  be  adopted. 

Kespecting  the  cost  of  the  work,  the  Board  are  not  now  prepared  to 
undertake  this  part  of  their  task.  The  appropriation  made  by  Congress 
has  been  entirely  expended  in  making  the  surveys  herein  described ; 
all  which  were  strictly  indispensable  to  ascertain' (in  a  country  to  this 
time  but  superficially  known  in  relation  to  its  topography  and  hydrog- 
raphy) the  facts,  and  procure  the  data  upon  which  the  selection  and 
practicability  of  a  route  should  be  predicated.  It  remains  now  to  fix 
the  canal  on  the  ground,  to  plan  the  work  and  all  its  details,  and  thence 
to  devise  the  elements  upon  which  must  rest  the  estimate.  Minute  sur- 
veys will  consequently  become  necessary  to  enable  the  Board  to  frame 


522  REPORT    OF   THE    CHIEF   OF   ENGINEERS. 

the  estimates  required  by  the  resolution  of  Congress.  The  board,  there- 
fore, shall  here  close  up  this  subdivision  of  their  report,  and  pass  to  that 
which  relates  to  the  navigation  along  the  western  coast  of  Florida. 

•    ,  •  •  *  *  •  * 

SUMMARY. 

The  coast  on  the  Gulf  of  Mexico,  between  Tampa  Bay  and  Appalachie 
Bay,  cannot  be  approached  b}^  vessels  drawing  more  than  5  feet ;  in 
this  latter  bay  8  feet  can  be  carried  at  high-tide  to  Saint  Mark's.  Besides, 
the  ridge  of  the  peninsula  of  Florida  has  a  mean  elevation  of  150  feet 
above  the  ocean,  and  its  top  does  not  offer,  at  any  place,  either  natural 
reservoirs  or  heads  of  streams  adequate  to  the  supply  of  a  canal  having 
very  large  dimensions;  therefore,  a  ship-canal,  destined  to  connect, 
through  the  peninsula,  the  Atlantic  with  the  Gulf  of  Mexico,  is  not 
practicable. 

The  heads  of  Santa  F6  River  and  of  Black  Creek  present  to  a  canal 
for  boats  the  best  passage  across  the  summit  of  the  ridge.  Natural 
reservoirs  in  this  vicinity  will  supply  the  lockage  at  the  dividing-point, 
while  it  is  anticipated  that  filtration  from  the  ground  will  keep  replen- 
ished the  trunk  of  the  summit-level. 

In  this  direction,  a  canal  from  the  fork  of  Black  Greek  to  the  mouth 
of  the  Santa  F6  would  connect  the  Saint  John's  with  the  Suwannee ; 
therefore,  the  Atlantic  with  the  Gulf.  Such  a  canal  would  be  about  7d 
miles  in  length,  and  the  ascent  and  descent  together  214  feet. 

But  the  Suwannee  being  much  obstructed  at  its  mouth,  and  having 
no  harbor  at  its  entrance  into  the  Gulf,  it  will  be  expedient  to  continue 
the  line  of  canal  from  the  Santa  F6  to  the  harbor  of  Saint  Mark.  The 
whole  route  from  the  fork  of  Black  Creek  to  Saint  Mark's,  or  rather  from 
tide-water  in  Black  Creek  to  tide-water  in  Saint  Mark's  River,  will  be 
168  miles  long,  and  the  ascent  and  descent  together  224  feet. 

With  a  view  to  an  uninterrupted  inland  navigation,  parallel  to  the 
coast,  from  the  Chesapeake  to  the  head  of  St.  John's  Elver,  it  will  be 
necessary  to  open  a  sloop-canal  from  the  harbor  of  Saint  Mary's  to  the 
Saint  John's.  Respecting  the  coasting  navigation  from  Sajnt  Mark's  to 
Lake  Pontchartrain,  it  will  be  rendered  secure,  safe,  and  commodious  by 
means  of  the  following  improvements : 

First,  a  canal  along  Crooked  Creek,  from  Ocklockony  River  to  a  con- 
venient point  in  Saint  George's  Sound ;  through  by  this  sound  and  the 
canal  the  Apalachicola  will  become  connected  with  Saint  Mark's;  sec- 
ondly, the  cleaning  and  deepening  of  the  Santa  Rosa  Sound,  at  the 
meeting  of  tides ;  thirdly,  a  canal  from  the  bay  of  Pensacola  to  that  of 
Mobile,  through  the  Great  Lagoon  and  the  river  Bon  Secour;  fourthly, 
the  deepening  of  the  Pass  Au  Heron,  between  the  eastern  point  of  Dau- 
phin Island  and  the  main.  Lake  Pontchartrain  can  be  connected  with 
the  Mississippi  by  a  canal,  which  has  been  projected,  at  or  near  New 
Orleans,  and  by  Bayou  Manchac. 

This  bayou,  the  rivers  Plaquemine  and  La  Fourche,  can  be  rendered 
navigable  at  any  stage  in  the  Mississippi ;  and  they  deserve  considera- 
tion, as  offering  the  only  outlet  through  which,  in  time  of  freshets,  the 
Lower  Mississippi  might  be  relieved  in  the  discharge  of  its  waters. 

All  which  is  very  respectfully  submitted. 

Bernard, 
Brigadier- Oeneralj  Member  of  the  Board  of  Internal  Improvement 

William  Tell  Poussin, 
Captain  Topographical  Engineers^  Assistant  to  the  Board, 

Washington  City,  Febrmry  19, 1829. 


KEPOET   OF   THE   CHIEF   OF   ENGINEERS.  623 

EXTRACTS  FROM  REPORT   OF  LIEUT.  M.  L.  SMITH,   CORPS  TOPOGRAPH- 
ICAL ENGINEERS. 

[Printed  in  Ex.  Doo.  No.  1,  Senate,  Thirty-fourth  Congress,  first  session,  page  434.] 

Washington,  May  1, 1855. 

•  •  •  •  •  •  • 

PRACTICABILITY  OF  A  CANAL  ACROSS  THE   PENINSULA    OF   FLORIDA. 

The  party  was  orgd^nized  and  work  carried  on  under  the  following 

orders : 

Bureau  of  Topographical  Enginkrrs, 

WoBhingtony  October  30,  18[>2. 

Sir  :  The  dnties  assigned  to  yon  are  the  snrvoy  of  a  oanal-ronte  across  the  peninsula 
of  Florida.  The  extreme  points  of  said  route  are  the  waters  of  Espiritu  Santa  Bay 
and  the  headwaters  of  the  Saint  John's. 

Having  ascertained  a  place  on  the  first  sufficiently  sheltered,  and  having  a  conven- 
ient access  to  the  deep  water  of  the  bay,  you  will  carefully  examine  the  country  between 
that  position  and  the  headwaters  of  the  Saint  John's,  as  a  point  to  which  about  2  feet 
can  be  carried  in  navigating  that  river. 

Then  you  will  carefully  mark  out  the  line  between  these  two  points. 

Then  you  will  make  an  accurate  survey  of  this  line,  so  as  to  exhibit  the  route  in  plan 
and  profile.  Then,  for  about  every  300  yards  of  this  main  line,  or  more  frequently  or 
not  so  frequent,  as  the  ground  shall  in  your  judgment  require,  you  will  make  offsets  to 
this  main  line,  each  not  less  than  200  yards,  which  offsets  are  to  be  as  carefully  sur- 
veyed as  the  main  line,  so  as  to  exhibit  plan  and  profile,  and  so  as  to  connect  these 
offsets  and  profiles  with  the  profiles  of  the  main  line,  and  with  the  same  plane  of  ref- 
erence. 

J.  J.  Abrrt, 
Colonel  Corps  Topographical  Engineers. 

Lieut.  M.  L.  Smffh, 

Fort  Brooke^  Tampa,  Fla, 

Espiritu  Santa  Bay  being  one  of  the  extreme  points  of  the  proposed 
route  under  the  instructions,  the  determination  of  th6  other  will  tirsi  be 
spoken  of. 

In  examining  the  Saint  John's  for  the  purpose  of  ascertaining  to  what 
point  up  the  river  2  feet  water  could  be  carried,  the  following  informa- 
tion was  obtained :  From  the  mouth  11  feet  can  be  taken  up  to  Pi- 
latka,  10^  to  the  mouth  of  the  Ocklawaha,  8^  entering  Lake  George, 
6  in  leaving  it,  4J  into  Lake  Monroe,  1 J  to  2  in  leaving  it,  and  a  further 
decrease  of  depth  into  Lake  Harney.  These  depths  vary,  particularly 
in  the  upper  portions  of  the  river,  when  it  is  swollen  from  rains;  thus, 
6J  feet  may  then  be  found  at  the  outlet  of  Lake  Monroe,  nearly  the 
same  at  its  inlet,  and  some  6^  to  7  at  the  outlet  of  Lake  Harney ;  but 
those  depths  only  are  regarded  which  can  be  relied  on  during  all  sea- 
sons. Lake  Monroe  was  therefore  considered  the  limit  of  permanent 
2-foot  navigation ;  hence  the  other  extreme  point  of  the  line  mentioned 
in  the  instructions  would  be  at  or  below  this  lake. 

The  precise  point  at  which  the  proposed  canal  should  connect  with 
the  river  was  decided  from  the  following:  Lake  Monroe  is  shallow, 
being  about  10  miles  long  by  4  wide;  has  a  depth  of  from  12  to  14  feet 
in  the  middle,  and  shoals  gradually  to  the  shore ;  there  is  consequently 
no  point  at  which  the  requisite  depth  is  very  near  shore,  and  all  parts 
of  it  are  open  and  exposed  to  storm- winds.  To  have  tlie  connection 
anywhere  on  the  lake  seemed  liable  to  two  objections:  First,  that 
the  lock  at  the  junction  would  be  some  distance  from  shore — hence 
present  some  difficulty  of  construction.  Second,  that  the  entrance  to 
it  would  be  liable  to  be  choked  from  the  effect  which  any  such  jetty 
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would  necessarily  have  upon  the  drift  of  the  lake.  Further,  nothing  is 
apparently  gained  by  making  the  junction  at  the  lake;  and  as  the  canal 
would  practically  be  but  a  continuation  of  the  river,  the  two  should  be 
united  at  a  point  offering  natural  facilities  for  it.  Such  a  point  is  found 
anywhere  below  the  lake,  where  the  river  is  again  narrowed  to  a  pro- 
per width  to  give  a  well-defined  channel,  and  has  firm  banks ;  the  shoal 
at  the  outlet  to  Lake  Monroe  is  at  the  same  time  avoided.  The  valley 
of  a  small  stream,  called  the  Weekivah,  emptying  into  the  Saint  John's 
some  four  miles  below  Lake  Monroe,  offers  a  rather  straight  and  conve- 
nient depression  for  a  canal  from  Tampa  Bay,  and  as  at  its  junction  the 
river  has  sufficient  width  and  depth,  the  proposed  route  has  been  made 
to  follow  down  the  valley  of  tbis  stream  and  join  the  Saint  John's  at  this 
point,  which  fulfills  all  the  necessary  conditions  for  the  connection  of 
the  canal  with  the  river. 

The  two  extreme  points  being  thus  fixed,  the  general  position  and 
direction  of  the  route  becomes  so,  subject  to  such  variations  in  direct- 
ness as  the  physical  features  of  the  country  and  facts  developed  by 
actual  survey  require. 

The  accompanying  maps,  constructed  on  a  large  scale,  together  with 
a  minute  profile  of  the  country,  render  any  but  a  general  description  of 
the  line  unnecessary. 

DESCRIPTION  OP  THE  LINE. 

The  general  profile  across  the  peninsula  shows  a  gradual  swell  both 
from  the  Atlantic  and  Oulf  coasts  to  the  middle,  where  is  found  a  range 
of  broken  sand-hills,  varying  in  height  above  the  average  level  of  the 
interior  from  100  to  125  and  150  feet,  and  in  width  from  1  to  3  and  4 
miles.  The  country  is  flat,  thickly  sprinkled  with  cypress  and  baygall 
swamps,  and  much  of  it  to  the  eye  presents  no  distinct  or  well-defined 
system  of  drainage. 

On  the  eastern  side  of  the  sand-hills  there  are  two  main  depressions, 
touched  by  the  line,  which  drain  in  opposite  directions  and  overlap  each 
other:  first,  the  valley  of  the  Saint  John's,  draining  northward;  next, 
the  valley  of  the  Kissimmi  and  its  tributary  head-streams  and  lakes, 
draining  south.  On  the  west  of  the  sand-hills  there  is  a  gradual  slope 
to  Tampa  Bay,  sufficiently  indicated  by  the  direction  of  the  various 
streams. 

In  passing  from  the  valley  of  the  Saint  John's  into  that  of  the  Kissimmi, 
the  latter  is  cut  by  the  line  so  near  its  head-sources  that  the  slight 
divide  separating  them  requires  no  unusual  depth  of  cutting,  and  the 
only  serious  natural  obstacle  along  the  line  is  presented  in  the  sand- 
hills spoken  of.  This  range  was  examined  for  several  miles  to  the  right 
and  left  of  the  point  selected  for  cutting  it;  one  point  only  of  it  was 
found  where  the  width  and  depression  was  as  favorable  as  that  de- 
cided upon,  (known  in  that  country  as  at  the  source  of  Ilorse  Head 
Creek,)  but  the  increased  distance  given  to  the  line  caused  it  to  be  re- 
jected. The  greatest  depth  of  cutting  required  here  will  be  80  feet,  and 
the  ridge,  as  far  as  could  be  detected  by  boring  and  other  examinations, 
consists  wholly  of  sand.  The  height  of  the  established  summit-level  is 
113  feet  above  ordinary  low-water  at  the  mouth  of  the  Hillsboro  River, 
and  101  feet  above  the  water  in  the  Saint  John's  at  the  point  of  junc- 
tion, giving  14  locks  of  8  feet  lift  on  one  side  of  the  summit-level,  and 
15  (2  having  over  8  feet  lift)  on  the  other  side.  The  soil  is  sufficiently 
favorable  not  to  present  any  unusual  difficulty.  Proceeding  from  the 
Saint  John's  the  excavation  would  be  in  sand,  mixed  with  clay  and  fiue 
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gravel  in  greater  or  less  degree,  until  reaching  Lake  Weekirab,  where 
gravel,  as  far  as  noticed,  disappears.  Sand  and  clay,  the  latter  not  in 
large  proportion,  will  thence  constitute  the  soil  to  be  excavated  for  the 
remainder  of  the  line,  varied  a  little  by  gravel  and  alluvion  along  Hills- 
boro  River.  With  these  few  remarks  descriptive  of  the  line,  I  proceed 
to  the  consideration  of  those  points  directly  touching  the  practicability 
of  a  canal  along  it. 

A  canal  may  be  regarded  as  a  stream  conducted  artificially  from  a 
higher  t^  a  lower  point  by  a  series  of  steps  or  levels,  the  source  of  the 
stream  being  the  highest  or  summit  level.  If  the  length  of  this  level  is 
not  short  compared  with  some  one  near  it,  (in  which  case  additional 
sources  of  supply  are  sought,  and  in  general  are  readily  found,  since 
new  streams  constantly  present  themselves  as  you  descend,)  it  is  suffi- 
cient in  the  discussion  of  the  subject  to  show  a  proper  supply  of  water 
for  the  summit-level,  and  it  carries  with  it  proof  of  a  proper  supply  for 
the  levels  below,  since  the  water  from  leakage  and  lockage,  which 
constitute  the  main  expenditure,  passes  into  the  lower  levels.  In  the 
case  under  consideration,  the  summit-level  is,  with  one  exception,  the 
longest  level  on  the  line ;  and  if  a  supply  adequate  for  this  can  be 
shown,  the  practicability  of  a  canal  will  be  proven,  for  all  other  points 
connected  with  a  canal  have  reference  to  a  greater  or  less  cost  of  con- 
struction merely. 

For  the  purpose  of  being  as  clear  as  possible  in  the  discussion  of  an 
adequate  supply,  the  subject  will  be  taken  up  in  the  usual  order,  to  wit: 
First,  determine  the  supply  of  water  required  j  second,  show  how  and 
from  whence  this  supply  is  to  be  obtained. 

The  unit  of  measure  taken,  and  denominated  the  water-prism,  is  the 
entire  contents  of  the  summit-level,  which  is  21  miles  -f  in  length. 

SUPPLY  OP  WATER  REQUIRED  AT  SUMMIT-LEVEL. 

This  ought  to  be  sufficient  to  meet  an  expenditure  dae  to  the  follow- 
ing requirements : 

Ist.  Losses  from  evaporation. 
2d.  Losses  from  filtration  and  absorption. 
3d.  Losses  from  leakaf^e  at  lock-gates. 

4th.  For  the  nse  of  locks,  according  to  the  demands  of  trade,  npon  the  summit-level. 
5th.  First  year,  for  filling  snmmit-Tevel. 

6th.  Losses  arising  from  emptying  portions  of  a  reach,  for  repairs  of  various  kinds, 
from  breaches,  &c. 

The  expenditure  from  the  more  important  of  the  causes  enumerated 
being  dependent  upon  the  dimensions  given  to  the  canal  and  locks, 
the  following  communication  from  the  Bureau  establishing  them  is  in- 
serted: 

Washington,  May  16, 1853. 
Sir  :    «    »     »     »    Your  consideration  and  plan  will  be  bestowed  npon  the  supposi- 
tion of  a  canal  60  foet  wide  at  top  and  6  foet  deep ;  locks  110  feet  long,  16  feet  wide, 
<in  the  clear.) 

.  J.  J.  Abert, 

Colonel  Corps  Topographical  Engineera, 
Lieut.  M.  L.  Smith, 

Tojwgraphical  Engineera. 

LOSS  FKOM  EVAPORATION. 

Loss  from  evaporation  must,  from  the  circumstances  attending  and 
governing,  be  imperfectly  arrived  at.  It  is  influenced  by  temperature, 
by  dryness  or  moisture  of  the  atmosphere,  and  very  particularly  by 
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currents  of  air.  Temperature,  alone,  would  probably  cause  less  in- 
equality of  variation  than  either  of  the  other  two-named  causes,  since 
it  is  more  uniform  in  its  action  over  a  large  extent  of  country,  and  the 
changes  are  not  so  frequent  and  sudden. 

The  hygrometrical  condition  of  the  atmosphere  will  depend  mucU 
upon  the  country  the  currents  of  air  have  passed  over;  for  example,  all 
are  familiar  with  the  exceeding  dampness  of  the  sea-breeze  and  corre- 
sponding dryness  of  the  air  on  the  western  prairies. 

Whether  the  air  be  still  or  in  motion  makes  the  greatest  differencct 
shown  by  the  rapidity  with  which  any  article  is  dried  when  exposed  ta 
a  brisk  breeze,  as  compared  with  the  time  required  when  the  air  is- 
comparatively  still.  During  some  experiments,  made  in  England  by 
Dr.  Dalton,  evaporation  was  said  to  be  increased  50  per  cent,  by 
opening  a  window  of  his  room.  The  uncertainty  arising  from  this 
element  alone  must  be  apparent,  when  it  is  considered  that,  in  point 
of  actual  fact,  currents  of  air  never  remain  the  same  two  consecutive 
half-hours,  but  are  continually  changing  in  direction  and  varying  in 
force.  [Nevertheless,  certain  conclusions  have  been  arrived  at,  which  we 
proceed  to  state. 

Dr.  Halley  fixed  the  evaporation  at  London,  during  an  ordinary  sum- 
mer's day,  at  ^  of  an  inch,  which  is  equal,  for  a  mouth  of  thirty  days,, 
to  6  inches }  and  the  annual  evaporation  at  48  inches. 

The  result  of  the  experiments  made  by  Mr.  Cotte  at  Montmorency, 
near  Paris,  (as  given  by  Gauthy  in  his  work  on  canals,)  was  to  deter- 
mine 41.575  inches  as  the  annual  evaporation ;  and  5.315  inches  as  that 
of  an  ordinary  summer-month. 

It  was  ascertained  on  the  Languedoc  Canal  by  Mr.  Finn,  the  engineer,, 
that  during  ten  and  one-half  months  the  average  Iosh  from  evaporation 
monthly,  over  and  above  the  rain  that  fell,  was  3.044  inches ;  by  averag- 
ing the  quantity  of  rain  along  the  entire  line,  a  quantity  is  educed  for 
evaporation  equal  to  5.330  inches.    (Andreossi.) 

In  a  report  made  by  Colonel  J.  J.  Abort,  TopKDgraphical  Engineers,  to> 
the  governor  of  Maryland  in  1838,  upon  the  subject  of  a  canal  to  connect 
the  Chesapeake  and  Ohio  Canal  with  the  city  of  Baltimore,  the  proba- 
ble evaporation  for  that  climate  during  the  ten  business  months  was 
assumed  at  67.20  inches ;  an  average  of  6.72  inches  per  month. 

The  Board  of  Engineers  of  the  Morris  Canal  adopted  51  inches  for  the 
maximum  loss  of  water  by  evaporation  during  the  eight  months  (from 
April  to  December)  it  could  be  navigated,  or  6.375  inches  per  month. 

In  the  Encyclopedia  Britannica  is  found  a  table  constructed  by  Dr. 
Dalton,  from  which,  knowing  the  dew-point  and  temperature,  the  rate 
of  evaporation  can  be  obtained. 

For  that  portion  of  Florida  under  consideration  the  dew-point  has 
been  assumed  at  55^  Fahrenheit.  I  am  not  aware  of  any  observations 
that  have  been  made  to  determine  what  this  point  is  ordinarily,  and  can 
only  judge  of  it  from  the  average  heights  of  the  thermometer  at  9  p.  m., 
when  dew  is  usually  perceptible.  The  Medical  Department,  through  its 
officers  at  the  difierent  posts,  have  obtained  numerous  and  accurate 
meteorological  observations,  which  have  been  kindly  furnished  me  by 
Dr.  R.  H.  Coolidge,  now  in  charge  of  that  branch  of  the  Medical  Bureau. 
From  these,  the  mean  annual  temperature  at  three  different  points  near 
the  line  of  survey  is  as  follows : 

Tampa  Bay 72^.41  Fab. 

Fort  Mead,  on  Pease  Creek 71^.00    " 

Fort  CaproD,  or  Pierce 740.11    ** 

The  last  two  of  these  points  are  south  of  the  line  of  survey,  and  prob- 
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ably  of  a  somewhat  j^reater  mean  temperatare.  Most  of  the  line^  too, 
is  north  of  Fort  Brooke,  which  should  also  be  considered. 

The  mean  annual  temperature  for  the  entire  line  is  assumed  at  70^, 
and  it  is  thought  to  be  rather  below  than  above  the  true  temperature. 

Applying,  then,  the  dew-point,  55^j  and  temperature,  70°,  to  Dr. 
Dalton's  table,  we  find  a  daily  evaporation  of  0.255  inch^  or  7.45  inches 
monthly. 

For  the  purpose  of  comparing  the  evaporations  established  for  differ- 
ent points,  they  are  recapitulated : 

Evaporation  at  London,  6  inches  per  month. 

Evaporation  at  Montmorency,  5.315  inches,  ordinary  summer-month. 

On  Langnedoc  Canal,  5.330  inches  per  month. 

J.  J.  Abert,  for  climate  of  Baltimore,  6.72  inches  per  month. 

On  Morris  Canal,  6,375  inches  per  month. 

For  Florida,  by  Dal  ton's  table,  thermometer  70^,  7.458  inches  per  month. 

During  dry  weather,  thermometer  averaging  86^  Fahrenheit  during 
the  entire  twenty-four  hours,  there  is,  under  favorable  circumstances,  in 
the  latitude  of  Washington,  an  evaporation  during  that  time  of  0.3  inch, 
or  9  inches  per  month.  Eighty-six  degrees  is  much  above  the  mean 
temperature  of  the  latitude  under  consideration,  and,  with  the  thermom- 
eter at  that  height,  evaporation  would  go  on  during  the  twenty-four 
hours;  evidently,  then,  9  inches  is  too  much  to  allow  for.  In  deducing 
the  quantity  7.458  inches  by  Dalton's  rule,  it  is  believed  the  dew-point 
assumed  is  rather  below  than  above  the  true  one,  which  would  increase 
the  result  obtained ;  hence  it  is  concluded  that,  practically,  7.458  inches 
will  represent  the  monthly  evaporation  with  sufficient  accuracy. 

Evaporation,  it  must  be  remarked,  does  not  constitute  the  most  im- 
portant part  of  the  expenditure  of  water  on  a  canal ;  hence,  whether  it 
is  more  or  less  by  1  or  2  inches  per  month,  is  really  not  of  special  im- 
portance, for  if  the  supply  and  expenditure  are  so  nearly  equal  as  to 
depend  upon  evaporation  for  difference,  it  ought  to  be  conceded  at  once 
that  there  is  not  an  adequate  supply. 

The  number  7.458  inchests  accordingly  taken,  and  it  gives  a  loss  from 
this  cause  of  a  prism — say  every  nine  months,  or  1^  water-prisms  per 
year. 

LOSS  FROM  FILTBATION. 

This  is  a  loss  constantly  varying  with  the  nature  and  compactness  of 
the  soil,  and  a  result  which  would  apply  to  one  section  would  by  no 
means  be  applicable  to  another.  As  the  losses  both  from  this  cause  and 
evaporation  can  in  general  only  be  known  by  the  diminution  of  water  in 
the  canal,  it  has  been  usual  to  combine  them  together,  and  estimate  the 
sum  at  so  many  water-prisms  per  year. 

In  the  case  of  one  canal  only  (the  Langnedoc)  has  a  distinct  loss  by 
filtration  been  given ;  but  it  has  not  been  found  to  apply  to  similar  works 
in  this  country,  owing,  probably,  to  the  greater  care  taken  in  its  con- 
struction ;  hence  the  method  of  combining  the  two  losses  seems  to  be 
the  only  one  that  can  well  be  pursued,  and  that  gives  but  an  approxi- 
mate result. 

Experiments  made  on  the  Chesapeake  and  Ohio  Canal  by  Mr.  Fisk 
show  that  it  loses  a  little  more  than  If  its  water-prism  monthly  from 
these  two  causes.  Now,  the  evaporation  assumed  as  proper  for  that 
climate  by  Colonel  Abert  has  been  seen  to  be  6.72  inches  monthly ;  from 
which  it  results  that  filtration  is  about  fourteen  times  greater  than  evap- 
oration. 

Experiments  on  the  Erie  Canal  seem  to  indicate  a  loss  from  filtration 
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still  greater  than  this ;  but,  being  given  in  connection  with  leakage  from 
locks  as  well  as  losses  from  evaporation,  the  approximate  quantity  can- 
not be  given.  As  connected  with  this  part  of  the  subject,  the  follow- 
ing extract  from  J.  J.  Abert's  report  to  the  governor  of  Maryland  is 
introduced : 

From  experimentB  made  on  the  Erie  Canal,  and  commanicated  to  me  by  that  distin- 
guished en^neer,  Mr.  J.  B.  Jervis,  it  woald  appear  that  the  least  loss,  from  observa- 
tions made  at  various  places,  was  100  cubic  feet  per  mile  per  minute.  This  was  not  the 
measurement  of  loss  from  a  distinct  cause,  but  from  all  united — leaka^  of  locks^  evap- 
oration, and  filtration.  The  dimensions  of  this  canal  are  40  feet  water-8urfaoe^28  at 
bottom  and  4  deep— which  give  for  its  prism  of  one  mile  26,595.5  cubic  yards.  The 
loss  of  100  cubic  feet  per  mile  per  minute  is  equal  to  160,000  cubic  yards  per  mile  per 
month  ;  or,  supposing  the  navigation  to  continue  nine  months,  (in  that  climate,)  the 
total  loss  would  be  equal  to  54  times  its  water-prism  per  year ;  adding  to  this  the  loss 
of  the  prism  in  the  canal  at  the  closing  of  the  navigation,  gives  a  total  loss  of  55  of  its 
prisms  of  water  for  all  causes,  except  the  demands  of  the  locks  for  its  trade. 

These  observations  were  made  about  1833  or  1834;  the  canal  had 
been  in  use  a  number  of  years,  and  its  loss  from  filtration  may  fairly 
be  considered  to  have  been  much  less  at  that  time  than  when  first  con- 
structed. There  is  no  good  explanation  of  this  difierence  of  loss  in  the 
two  canals,  unless  it  be  that  Erie,  being  built  first,  was  not  as  well 
constructed. 

If  the  Chesapeake  and  Ohio  canal  be  considered  as  a  fairer  sample  of 
such  works  in  this  country  than  the  Erie,  and  its  losses  taken  as  a  basis 
of  estimate,  the  following  is  deducted  for  loss  from  filtration : 

Evaporation  per  year  has  been  found  to  be  1^  prisms;  14  times  1^ — 
say  19  prisms  loss  due  to  filtration. 

The  correctness  of  this  result  evidently  depends  upon  similarity  of 
soil  in  the  two  cases ;  and  the  question  naturally  arises,  how  will  fine, 
compact  sand,  mixed  with  small  proportions  of  clay,  retain  water?  In 
answer,  two  facts  are  stated :  1st.  That  this  soil,  in  connection  with 
small  brush,  makes  a  secure  and  tight  dam.  2d.  That  around  waste  or 
flood  gates  and  other  openings  in  earthern  dams,  where  leaks  are  almost 
unavoidable,  it  is  among  the  best  things  to  render  these  openings  water- 
tight. One  reason  of  this  would  seem  to  be  that,  each  grain  of  sand 
being  solid,  water  can  only  find  its  way  through  the  small  openings  or 
interstices  between  them ;  these  interstices  soon  become  filled  by  any 
extraneous  matter  brought  by  the  water  in  filtering  through,  and  the 
whole  becomes  a  solid  mass. 

The  summit-level  established  on  this  line  is,  with  the  exception  of  a 
very  short  distance  at  its  western  extremity,  entirely  in  excavation. 
Now,  experiments  seem  to  show  that  water  can  always  be  found  at  a 
distance  below  the  general  surface  of  the  country  not  exceeding  from  4 
to  6  feet.  This  would  bring  the  water-line  in  the  summit-level  below 
the  depth  at  which  water  is  found  to  permanently  remain  in  the  soil, 
so  that  instead  of  losing,  the  canal  would  receive  a  supply  from  the  soil. 
This  fact  is  again  referred  to  under  the  head  of  '^  infiltration,"  and  in 
connection  with  certain  data,  which,  it  is  considered,  render  further 
remark  at  present  unnecessary. 

It  is  not,  therefore,  thought  that  nineteen  prisms  per  year  is  too  small 
a  loss  to  be  allowed  for  filtration,  and  is  accordingly  taken. 

LEAKAGE  AT  LOOK-GATES. 

A  liberal  allowance  should  be  made  for  this  item,  since,  unlike  filtra- 
tion, it  is  least  while  the  locks  are  new,  and  increases  from  year  to  year 
as  the  canal  is  used,  until  the  gates  are  replaced. 
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The  dimetiBioiis  of  the  locks  on  the  Chesapeake  and  Ohio  Canal  are 
nearly  the  same  as  given  for  the  caYial  ander  discnssion ;  and  the  ob- 
servations made  npon  them  may  be  applied  in  the  present  case,  par- 
ticalarly  as  it  is  a  work  executed  in  oar  country ;  and  the  manner  in 
which,  in  its  varions  details,  it  has  been  constrncted,  may  be  considered 
a  sample  of  the  way  in  which  similar  works  wonld  be  completed. 
Mr.  Fisk,  the  chief  engineer  of  this  canal,  made  many  observations 
npon  the  leakage  of  the  locks  daring  a  period  of  suspended  navigation, 
when  the  gates  were  kept  carefully  closed  for  several  weeks  while  repairs 
were  being  made.  The  result  was  to  fix  the  leakage  due  to  a  lock  at 
twelve  lockfuls  per  day.  Engineers  in  this  country  have  usually  con- 
sidered this  as  the  proper  amount  to  be  allowed  for  leakage  when 
calculating  the  supply  of  water  needed.  As  it  is  a  matter  to  be  deter- 
mined entirely  from  observation,  there  seems  to  be  no  reason  for  sup* 
posing  a  dilterent  quantity  would  be  nearer  the  actual  loss. 

Twelve  lockfuls  leakage  per  day  per  single  lock  would  give  24  lock- 
fuls per  day,  drawn  from  the  summit-level,  due  to  the  locks  at  either 
end,  or  8,760  lockfuls  per  year,  which  is  equal  to  3.85  water-prisms. 

AMOUNT  REQUIRED  FOR  LOCKAGE. 

It  is  to  be  understood,  in  speaking  of  this  amount,  that  reference  is 
Htill  had  to  the  summit-level  only,  with  its  two  locks,  one  at  either 
end. 

This  is  the  only  portion  necessary  to.  be  considered,  since  the  lower 
reaches  receive  not  only  what  is  drawn  from  this  for  the  purposes  of  trade, 
but  what  arises  from  leakage  at  lock-gates  and  accidental  wastage. 

The  quantity  required  for  lockage  is  dependent  upon  trade,  which 
necessarily  varies  from  year  to  year;  hence  no  absolute  amount  can  be 
stated  as  being  neither  more  nor  less  than  what  will  be  required.  The 
rule  is  to  allow  for  the  greatest  possible  activity  of  a  lock  during  a  cer- 
tain number  of  hours,  and  take  the  amount  of  water  expended  during 
that  time  as  the  amount  due  to  lockage.  Thus,  say  that,  on  an  aver- 
age, a  lock  will  be  in  use  twelve  hours  a  day  during  the  year ;  that 
twelve  boats  per  hour  can  be  passed  through,  and  each  boat,  in  passing 
the  summit-level,  requires  two  lockfuls;  the  quantity  drawn  from  the 
summit  level  is  at  once  known.  There  are  three  points,  then,  to  be  con- 
sidered. First,  the  average  number  of  hours  per  day  that  a  lock  may 
possibly  be  used ;  second,  the  average  number  of  boats  that  can  be 
passed  through  a  lock  per  hour;  third,  the  average  quantity  each  boat 
may  require  for  passing  the  summit-level. 

First.  The  average  number  of  hours  per  day  a  lock  may  be  used.  It 
has  been  usual  to  take  twelve  as  the  number,  and  it  is  probably  great 
enough  to  cover  every  case  in  the  country.  The  only  possible  exception, 
it  is  believed,  may  be  the  Erie  Canal,  on  which  the  locks  are  in  use  day 
and  night  for  weeks  at  a  time,  particularly  during  the  fall,  just  previous 
to  suspended  navigation,  and  while  the  western  produce  is  on  its  way  to 
market. 

If  the  connection  of  the  Atlantic  and  Gulf  by  a  canal  across  the 
peninsula  of  Florida  is  of  sufficient  importance  to  justify  the  construc- 
tion of  one,  allowance  for  an  active  trade  through  it  should  be  made, 
for  it  is  intended  to  be  a  highway  to  the  Gulf  commerce  similar  to  the 
straits  of  Florida  at  present.  Instead  of  twelve,  twenty  hours  will  be 
taken  as  the  daily  average  time  for  the  working  of  locks. 

Second.  The  average  number  of  boats  that  can  pass  through  a  lock 
per  hour. 
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For  a  single  hour  a  boat  mighty  it  is  probable,  be  passed  throngh 
every  three  minutes ;  in  point  of  fact,  however,  each  boat  consumes 
from  four  and  a  half  to  five  minutes;  if  four  minutes  be  taken  as  the 
average,  it  is  considered  that  the  error  will  be  on  the  safe  side;  this 
makes  15  boats  per  hour. 

The  average  quantity  assigned  to  the  passage  of  a  single  boat  into 
and  out  of  the  summit-level,  has  varied  with  different  engineers  accord- 
ing as  they  have  supposed  boats  to  pass  in  opposite  directions  with 
more  or  less  regularity.  To  illustrate  this  the  two  extreme  cases  are 
given : 

Snmnnt-level. 


Level  R 


A 


1st.  Suppose  a  boat  on  the  level  B,  and  one  on  the  level  T,  present 
themselves  respectively  at  the  looks  A  and  B,  both  locks  being  empty ; 
they  enter  the  locks,  which  are  then  filled,  and  both  pass  into  the  summit- 
level:  thus  far  a  priijm  of  lift  (or  lockful)  has  been  drawn  from  the 
summit-level  for  each  boat;  they  pass,  and  each  proceeds  into  the  lock 
which  the  other  has  left  full  f  the  locks  are  then  exhausted  and  the 
summit  is  passed.  It  is  plain  that  in  this  instance  but  two  lockfuls  (or 
one  to  each  boat)  has  been  drawn  from  the  summit-level ;  this  is  called 
an  alternate  passage,  and  is  the  case  in  which  the  least  water  is  used  by 
a  boat  in  a  passage,  namely,  one  lockful. 

Alternate  passages  of  boats  could  never  be  relied  on  except  in  cases 
of  a  canal  having  a  trade  equal  to  its  utmost  capacity,  one-half  flowing 
in  one  direction  and  the  other  half  in  the  opposite ;  this  can  never  be 
the  case,  and  would  require  a  regularity  of  movement  on  the  part  of 
boats  not  attainable  by  trains  on  railways.  This  case  evidently  cannot 
govern.  Let  us  now  take  the  other  extreme  case.  Suppose,  after  the 
alternate  passage  just  spoken  of,  two  boats  to  present  themselves  at 
the  lock  on  the  level  B  to  make  their  passage,  and  none  on  the  level  T. 
The  first  boat  finds  the  lock  A  empty,  passes  into  it,  the  lock  is  filled,  the 
boat  then  moves  out  and  is  on  the  summit-level.  The  second  boat  pre- 
sents itself  at  A,  which  is  full  and  must  be  exhausted  before  it  can  be 
received ;  this  being  done,  the  boat  enters,  A  is  again  filled,  and  the 
second  boat  joins  the  first.  They  then  proceed  to  B,  which  is  empty ; 
this  must  be  filled  for  the  first  boat  to  pass  into,  and  then  drawn  off  to 
lower  the  boat  to  the  level  T.  The  second  boat,  consequently,  finds  3 
empty,  and  another  prism  of  lift  is  required  for  it  to  be  passed  in  and  be 
lowered.  For  this  case  four  lockfuls  have  been  required,  two  for  each 
boat,  and  the  locks  left  in  the  condition  they  were  before  the  passage. 
This  case  is  termed  a  consecutive  passage,  and  undoubtedly  shows  a 
consumption  of  water  to  pass  each  boat  which  exceeds  what  would  be 
iound  true  in  practice.  Now  the  consumption  may  vary  anywhere 
between  what  is* shown  in  these  two  cases;  and  as  the  order  in  which 
boats  will  pass  the  summit-level  must  be  a  matter  of  chance,  it  is  coa- 
sidercd  that  the  only  absolutely  safe  allowance  to  make  for  each  boat 
will  be  the  maximum  expenditure ;  two  lockfuls  are  therefore  allowed 
to  each  boat  in  passing  the  summit-level. 

We  have,  then,  the  following  quantities  for  the  calculation :  15  boats 
per  hour  for  20  hours  per  day  during  365  days,  at  two  lockfuls  per  boat, 
15  X  20  X  365  X  2  =  219,000  lockfuls,  equal  to  95.;i8  water-prisms. 

The  requirements  of  the  canal  per  year  can  now  be  stated,  the  unit 
taken  still  being  the  water-prism  of  the  summit-level. 
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Water-priams. 

For  evaporation  and  filtration 20.33 

Leakage  at  iock-gates 3.85 

Lockag;e 95.38 

For  filling  canal  first  year 6.00 

Total 125.56 

Or^after  first  year 119.56 

In  obtaining  the  consumption  of  a  canal  for  the  purpose  of  deducing 
the  required  supply,  it  has  been  necessary  to  consider  the  summit-level 
only,  (since  the  main  losses  from  this  level  pass  into  the  lower  ones  and 
compensate  for  the  losses  taking  place  there.)  If,  therefore,  a  supply  of 
water  adequate  to  the  summit-level  can  be  shown,  we  at  the  same  time 
show  a  supply  for  the  entire  canal ;  for,  as  we  descend,  many  additional 
streams  are  crossed  which  can  be  commanded  if  necessary. 

By  reference  to  the  profile-sheets,  the  waters  which  must  supply  the 
summit-level  are  found  at  an  elevation  of  128  feet  above  the  waters  of 
Tampa  Bay ;  the  dividing  ridge  must  of  course  be  passed  at  an  elevation 
somewhat  lower,  in  order  to  command  these  waters  for  a  supply ;  and 
this  elevation  has  been  assumed  at  115  feet  above  Tampa  Bay,  or  15  feet 
below  the  water  forming  the  sources  of  the  Withlacoochee  and  Ockla- 
waha.  This  level  is  maintained  as  long  as  is  practicable  and  not  lose 
for  feeders  any  of  the  small  streams  crossed  on  the  course.  The  pro- 
priety of  this  is  evident,  since  the  higher  the  level  the  less  excavation 
there  will  be;  hence,  less  expense.  As  before  stated,  the  length  of  the 
summit-level  thus  established  is  214-miles. 

SOURCE  OP  SUPPLY. 

Ilaving  determined  the  amount  of  water  needed  by  the  canal,  the 
question  presents  itself  next  in  order,  can  this  amount  be  found,  and 
can  it  be  shown  that  it  will  be  supplied  yearly  t 

I.  The  prodle  map  shows  that  no  streams  or  lakes  east  of  the  ridge 
of  sandhills  can  be  made  use  of;  west  of  it  there  are  Hawk  Creek,  (a 
tributary  of  the  Ocklawaha,)  the  Withlacoochee,  (at  the  point  of  cross- 
ing mainly  a  swamp,)  and  Grassy  Creek ;  this  latter  fails  during  the  dry 
niontbs. 

As  both  Hawk  Greek  and  the  Withlacoochee  have  their  origin  in 
several  large  sheets  of  water  lying  in  the  same  region  of  country  south 
of  the  line,  and  receive  their  supplies  entirely  from  them,  together  with 
rains  when  they  occur,  the  safer  and  it  is  believed  the  only  way  will  be 
to  throw  the  streams  out  of  consideration  and  argue  directly  upon  these 
natural  reservoirs  themselves. 

In  following  up  the  headwaters  of  the  Withlacoochee  and  Hawk 
Greek  south,  .within  a  distance  of  about  14  miles,  some  thirty-five  lakes 
are  found,  varying  in  extent  of  area  from  2  miles  square  to  one-eighth 
of  a  section.  These  lakes  range  in  depth  from  10  to  45  feetj  and  have 
an  aggregate  area  of  15,000  acres.  They  could  be  connebted  and  made 
tributary  to  the  canal  by  cutting  about  7  miles;  and  in  almost  every 
case  the  ridges  separating  the  lakes  do  not  rise  more  than  from  3  to  5 
ieet  above  the  surface  of  the  waters  to  be  Joined.  It  is  proposed  to  com- 
mand the  water  of  these  lakes  to  a  depth  of  6  feet  when  connected. 

Bordering  these  lakes,  and  in  many  instances  in  reality  connecting 
them,  are  extensive  swamps  and  marshes,  usually  covered  for  eight 
months  of  the  year  with  water  from  1  to  3  feet  in  depth.  The  area 
over  which  they  extend  will  be  about  four  times  that  mentioned  for 
the  lakes,  and  when  the  latter  are  connected  will  be  likewise  tribu- 
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tary  to  the  canal.  Let  the  swamps  be  supposed  to  average  1^  feet  in 
depth  for  nine  months  of  the  year,  we  have  then,  lying  during  the  entire 
year  in  these  natural  reservoirs  or  lakes,  and  subject  to  control,  16,000 
acres  of  water  6  feet  deep,  equal  to  129  water-prisms  of  summit- 
level,  and  swamps  holding  water  equal  to  96  prisms  more,  making  a 
supply  equal  to  over  twenty-one  months ;  if  to  this  is  added  the  quan- 
tity held  in  swamps  and  marshes  that  can  be  made  available,  it  equals 
the  requirements  for  four  and  a  half  months  more. 

This  is  mentioned  and  given  in  this  unit  to  show  to  what  extent  the 
headwaters  of  the  two  streams  mentioned  will  serve  as  a  great  natural 
reservoir  for  the  use  of  the  canal,  and  it  results  that  twenty-one  months' 
supply  for  the  canal  in  full  operation  can  be  retained.  These  lakes,  ponds, 
&c,,  are, 'in  my  opinion,  mainly,  if  not  entirely,  supplied  by  rains  and 
surface-drainage ;  hence,  it  still  remains  to  be  shown  that  these  natural 
reservoirs  can  be  maintained  and  not  exhausted  by  use.  The  case 
would  be  quite  different  were  these  lakes,  &c.,  fed  by  springs  and  living 
streams ;  hence,  not  susceptible  of  being  materially  reduced. 

The  country  that  would  be  made  tributary  to  the  summit-level  of  the 
canal,  if  the  lakes  were  connected  as  indicated,  has  an  area  of  198  square 
miles;  the  main  drainage  from  this  area  will  be  by  the  two  streams 
mentioned ;  but,  in  addition,  many  other  ponds,  marshes,  &e.,  together 
with  one  stream,  will  empty  their  waters  into  it. 

In  the  following  investigation  I  shall  limit  myself  to  ascertaining  the 
amount  of  supply  which  can  be  relied  upon  as  never  failing,  and  which 
will  be  therefore  a  minimum  amount,  the  least  that  in  any  supposed  case 
can  .be  counted  upon  as  certain.  Should  this  prove  to  be  more  than 
sufficient  for  the  requirements  of  the  canal  as  determined,  it  will  evi- 
^dently  be  unnecessary  to  carry  the  investigation  further,  and  show 
vwhat  surplus  would  probably  exist  under  favorable  circumstances. 

The  area  that  can  be  made  tributary  to  the  summit-level  is  5^  town- 
-Bhips,  or  12H,720  acres. 

There  is  some  uncertainty  as  to  precise  quantity  of  rain  to  be  relied 
on  annually.  Points  quite  near,  however,  to  the  line  of  survey  have  been 
taken,  and  the  observations  for  rain  compared ;  it  results  that  at  Tam- 
pa Bay  the  yearly  fall  is  57  inches,  at  Fort  Meade  35  inches,  at  Fort 
Pierce  73  inches,  Jacksonville  58  inches,  giving  an  average  for  the  four 
places  of  56  inches.  These  observations  are  too  limited  to  afford  with 
much  certainty  a  correct  general  rule ;  hence  the  annual  fall  of  rain  will 
be  taken  much  below  the  average  of  the  places  given,  to  wit,  45  inches. 
The  inquiry  now  arises,  what  proportion  of  this  45  inches  downfall  rain 
can  be  made  available  for  the  canal  f  A  precise  answer  to  such  a  ques- 
tion can  never  be  given  until  the  works  have  been  actually  constructed 
and  the  amount  collected  absolutely  gauged ;  hence  it  is  only  by  giving 
experiments  made  at  different  localities,  and  the  conclusions  thence 
drawn,  that  even  a  partially  satisfactory  answer  can  be  made. 

If  data  were  far  more  extensive  and  minute  than  exist,  engineers 
would  still  be  obliged  to  exercise  very  much  their  own  judgment  in  fixing 
upon  any  proportion  of  downfall  of  water  that  could  be  collected,  as 
soil,  climate,  and  a  broken  or  flat  country  would  vary  the  results  for  any 
except  the  given  places. 

William  Cubitt,. an  English  engineer,  states  as  his  opinion  that  about 
one-half  theannual  fall  of  rain  can  be  stowed  in  reservoirs  and  made 
.available.;  a  proportion  very  high,  considering  the  land  in  England  is 
generally  cleared,  iunder  cultivation,  and  level,  conditions  calculated  to 
cause  much  of  the  surface-water  to  be  absorbed  and  evaporated  before 
'drainiqgoff. 
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It  was  calculated  by  Satcliffe  that  little  more  than  one-third  of  the 
rain  which  fell  could  be  got  into  the  summit-level  of  the  Eockdiile  Ca- 
nal from  the  area  tributary  to  it.  The  experiments  of  Mr.  J.  B.  Jervis, 
made  with  reference  to  the  construction  of  the  Chenango  Canal,  in  the 
State  of  "New  York,  led  to  the  conclusion  that  about  40  per  cent,  of  the 
fall  could  be  collected ;  the  rule  of  engineers  has  been  to  allow  that 
one-third  could  be  collected,  aud  this  has  been  followed  by  all  in  this 
country.  Dnder  ordinary  circumstances  there  is  no  doubt  but  this  rule 
would  require  to  be  modified  for  a  more  southern  climate,  as  the  tables 
of  Mr.  Jervis  show  that  seven  out  of  the  twelve  months  are  decidedly 
affected  by  the  cold  of  winter;  the  proportion  of  rain  collected  during 
these  seven  being  nearly  three  times  greater  than  during  the  other  five, 
which  include  the  hot  season  of  summer. 

Thos  the  proportion  of  rain  and  snow  collected  from  November  to  May,  inclu- 
sive, was 686 

From  Jane  to  October 246 

From  Jane  to  October,  by  a  second  table 319 

For  a  climate  such  as  Florida's,  where  there  is  no  winter,  it  seems 
pretty  evident  that  the  rule  of  one-third  should  be  modified  to  apply, 
and  it  is  thought  one-fourth  will  be  more  in  accordance  with  the  ex- 
periments than  one-third. 

But  there  is  much  of  the  area  under  consideration  to  which  neither 
of  the  rules  will  apply,  for  it  has  been  already  stated  that  about  16,000 
acres  is  covered  by  permanent  lakes  and  ponds,  and  some  04,000  is 
swamp,  which  nine  months  out  of  the  twelve  are  under  water ;  conse- 
quently, every  drop  of  rain  is  collected  as  it  falls  on  the  first-named 
area,  and  for  three-fourths  of  the  year  on  the  second. 

By  comparing  the  rain-tables  at  these  points,  Capron,  Pierce,  and 
Brooke,  it  appears  that  only  j'y  of  the  annual  fall  of  rain  occurs  during 
the  three  months  referred  to,  when  swamps  are  supposed  dry,  viz : 
March,  April,  and  May^  hence  the  quantity  deducted  will  be  ^j  of  45, 
=  4^9  inches. 

This  leaves  but  41.720  acros  to  which  to  apply  the  rule,  that  one-fourth 
of  the  rain  is  equal  to  the  drainage. 

The  amount  of  rain  collected  on  the  sammit-level  may  now  be  stated : 

Water-piismf. 

45  inches  rain  on  16,000  acres  amounts  to 80 

40.91,  say  40  inches  rain  on  64,000  acres  amounts  to 286.5 

i  of  45  inches  rain  on  41,720  acres  amounts  to 54.96 

Amount 421.46 

The  above  amounts,  it  is  obvious,  must  be  corrected  for  evaporation 
and  filtration,  as  the  losses  in  the  canal  have  been ;  to  determine  these, 
it  is  not  proposed  to  apply  the  same  rules  heretofore  used,  for  the  sim- 
ple reason  that  observation  shows  that  they  do  not  apply,  but  deduce 
these  corrections  from  observed  losses  in  the  lakes,  ponds,  aud  marshes 
while  there. 

To  illustrate  what  is  meant,  a  single  case  only  will  be  cited  :  A  lake 
near  the  40th  mile,  having  an  area  of  some  130  acres,  from  the  com- 
mencement to  the  close  of  the  dry  season  in  1853,  a  period  of  nearly 
four  and  a  half  months,  fell  only  about  5  inches ;  yet  during  the  entire 
time  there  was  a  constant  discharge,  varying  from  9  to  15  cubic  feet 
per  second.  As  the  belief  has  been  expressed  that  these  lakes  are  due 
to  surface-drainage  only,  it  is  readily  perceived  that  do  rule  of  evapora- 
tion that  has  been  mentioned  can  apply ;  and  I  take  occasion  to  state 
that  what  has  been  said  of  this  lake  will  apply  to  every  other  there  ; 
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they  are  plainly  affected  by  wet  and  dry  weather,  rising  daring  the 
rainy,  and  oontinuing  to  fall  daring  the  dry  season,  until  long  after 
there  ceases  to  be  any  discharge  at  their  oatlets,  yet  never  falling  to  the 
extent  they  oaght  to  do,  according  to  all  the  rales  of  evaporation.  Dar- 
ing the  year  they  vary  in  height  from  8  to  12  inches^  those  having  no 
oatlets  varying,  as  they  should,  the  least. 

The  apparent  discrepancy,  it  is  thought,  may  be  accounted  for  from 
the  constant  infiltration  which  ia  going  on  after  surface-drainage  has 
ceased. 

Lakes  and  ponds  occupy  the  depressions  of  a  country,  and  there  is 
necessarily  a  constant,  although  imperceptible,  drainage  into  them  from 
the  adjacent  high  ground ;  hence,  for  those  having  no  outlet,  the  yearly 
change  in  height  may  be  considered  as  indicating  the  diifereuce  between 
infiltration  and  evaporation. 

In  accordance  with  the  above,  the  amount  heretofore  found  will  be 
decreased  by  the  mean  observed  yearly  fall  of  the  various  lakes,  to  wit^ 
10  inches. 

16,000  acres  ©overed  to  depth  of  10  inches  =  17-f  water-prisms^ 
64,000  acres  covered  to  depth  of  7^  inehes  =  45^  wat^-^prisms. 

Total 62i  prisms. 

Correcting  421.46,  the  number  of  prisms  previously  found,  by  62.5,  there 
is  left  for  the  annual  supply  expected  from  the  lakes,  &c.,  35d.9G  prisms* 

SUPPLY  PBOM  INFILTBATION* 

This  is  a  soaroe  of  sapply  which  can  occur  only  in  few  soils,  and  thai 
when  it  is  of  a  rather  porous  nature,  similar  to  the  one  ander  considera- 
tion. 

In  all  the  investigations  connected  with  a  canal  across  Florida,  this 
source  has  beenbcM'ne  in  mind  by  the  various  engineers,  and  in  1829  and 
1830  rather  extensive  experiments  were  made  to  ascertain  what  supply 
eonld  be  obtained  from  it. 

These  experiments  being  longer  continued,  and  rather  numerous,  are 
more  reliable  than  any  made  before  or  since,  and  will  be  made  use  of  in 
the  conclusions  that  follow. 

Infiltration  presupposes  that  the  water  which  is  leaving  the  surface 
and  penetrating  the  earth  is  still  above  the  excavation  supplied  by  it. 

If  water  kept  its  level  under  as  well  as  above  ground,  then  infiltration 
would  continue  until  the  entire  body  of  water  in  the  soil  had  sunk  below 
the  water-line  of  the  canal.  This,  however,  is  not  the  case,  since  both 
friction  and  capillary  attraction  oppose  its  free  flow.  To  what  extent 
lateral  filtration  is  modified  by  these  two  forces,  will  depend  upon  soil 
and  temperature.  The  penetrating  power  of  water  is  very  great,  since 
it  is  found  at  all  explored  depths }  it  also  finds  its  way  through  the  most 
durable  and  compact  masonry.  Infiltration  will  necessarily  be  much 
greater  in  a  flat  country,  like  Florida,  than  in  a  broken  one,  where  drain* 
age  is  rapid.  Extensive  swamps  and  few  streams  are  found  in  the  for- 
mer ;  numerous  streams  and  few  or  no  swamps  in  the  latter.  To  obtain 
the  amount  which  will  appear,  I  have  taken  for  data  experiments  made 
in  the  valley  of  the  Santa  F^,  Florida,  in  1831,  with  a  view  to  determin- 
ing this  question. 

The  character  of  the  soil  where  they  were  made,  and  the  depth  below 
surface  at  which  infiltration  commenced,  correspond  so  exactly  with 
what  was  found  on  the  summit-level  of  the  present  survey,  that  I  havo 
no  hesitation  in  applying  the  results  to  the  case  under  consideratian^ 
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The  experiments  were  conducted  as  follows:  Shafts  were  sank  to 
depths  varying  from  20  to  30  feet;  they  were  pamped  dry,  then  allowed 
to  fill,  the  rise  of  water  being  noted  at  intervals  until  there  was  no  change. 
Knowing  the  capacity  of  the  shaft,  and  the  area  of  sides  and  bottom, 
the  rate  of  infiltration  per  second  per  square  foot  of  filtrating  surface  be- 
came known.    The  mean  of  the  experiments  give  a  rate  as  follows  : 

A  filtrating  surface  of  one  square  foot  yields  per  hour  0.75  eubiefoot  of 
water. 

The  question  next  arises,  how  long  may  this  rate  of  infiltration  be  ex- 
pected to  continue  t 

In  answer,  the  continuation  of  the  observations  is  stated. 

When  the  first  experiments  were  made,  the  water  rose  in  the  shafts 
to  within  5  feet  of  surface  ground ;  this  was  in  June.  It  continued  at 
this  height  during  the  months  of  July,  August,  September,  October, 
and  into  ^N'ovember,  except  portions  of  July  and  August,  when  the 
water  rose  about  one  foot  higher  in  the  shaft. 

If  it  is  admitted  that  infiltration  will  continue  the  same  under  like 
circumstances,  then  at  any  time  during  the  months  named  its  rate 
would  have  been  found  as  has  been  stated. 

From  the  above  the  following  point  is  considered  as  established,  to 
wit,  that  the  water  does  not  pass  beyond  the  reach  of  a  cut  of  5  feet  or 
more  in  depth,  by  sinking  into  the  earth  during  four  months  of  the  year. 

How  long  the  rate  of  infiltration  would  continue  when  the  water  is 
passed  off  as  supplied,  can  only  be  arrived  at  from  experiments  having 
this  question  more  directly  in  view  than  the  ones  mentioned  above. 
Something  similar  to  what  is  desired  took  place,  however,  while  the 
shafts  were  being  dug,  which  will  be  stated. 

It  was  necessary,  in  order  to  keep  them  free  of  water,  to  make  con- 
tinuous use  of  the  pumps  while  the  men  were  digging.  The  operation  of 
sinking  one  shaft  was  carried  on  during  sixty  days,  and  out  of  this 
number  there  appeared  to  have  been  twenty-nine  working-days. 

The  shaft  was  found  filled  every  morning  to  within  from  4^  to  5  feet 
of  the  surface,  and  required  pumping  out  before  the  day's  work  could  be 
commenced.  The  officer  in  charge  estimated  that,  during  a  working- 
day  of  eleven  and  a  half  honrs,  the  quantity  of  water  thrown  out  by  the 
pump  was  equal  to  nearly  twelve  times  the  capacity  of  the  shaft,  or  at 
a  rate  of  1.2  cubic  feet  per  hour  per  square  foot  of  filtering  surface. 

Although  any  precise  amount  that  may  be  fixed  upon  must  be  left  to 
the  judgment  of  the  individual,  still  this  may  be  safely  stated — that,  for 
all  depths  greater  than  5. feet,  the  gain  by  infiltration  will  exceed  the  loss 
by  filtration  ;  and  from  the  observations  made  at  the  shafts,  this  excess 
will  continue  during  the  months  of  July,  August,  September,  October, 
and  November ;  and  from  my  own  observations  I  am  able  to  add  the 
three  ensuing  months — December,  January,  and  February — making  in 
all  eight  months  of  the  twelve  that  this  source  can  be  relied  on.  After 
February  streams  become  sensibly  diminished,  ponds  and  surface-water 
generally  disappear,  and  the  country  remains  dry  until  the  rains  set  in, 
which  is  usually  in  June  at  latest. 

The  summit-level  established  on  the  present  line  of  survey  has  a 
length,  in  even  numbers,  of  21  miles.  Nineteen  miles  of  this  will 
be  in  excavation,  bringing  the  surface  of  water  in  canal  below  the 
line  where  filtration  commenced,  which  is  5  feet  from  surface. 

Inasmuch  as  the  observations  upon  the  shafts  extended  through  a 
period  of  five  months,  and  out  of  this  time  infiltration  was  noted  during 
but  two  months,  if  only  two-fifths  of  the  infiltration  found  is  considered, 
the  amount  deduced  ought  to  be  unobjectionable. 
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At  the  rate  of  0.75  cubic  foot  per  hour  per  square  foot  of  filtering 
surface,  2+  summit  water-prisms  would  be  supplied  every  twentj-foar 
hours,  or  4S0+  prisms  for  the  eight  months,  two-fifths  of  which  is  192 
%umm\t-\exel  water-prisms  due  to  injiltratian. 

lu  deducing  the  above  quantity,  infiltration  is  considered  as  taking 
place  only  from  surface  above  water-line  of  canal. 

The  amount  available  yearly  for  the  use  of  the  canal  can  be  thus 
stated : 

SmMmH-prlsiDB. 

Yearly  sapply  from  rains  that  oao  be  made  available 368.96 

Supply  from  infiltration .^ 192.00 

Total ^ ^ 560.96 

Tbe  total  requirements  of  canal  were  found  to  be,  yearly... ••••     119.56 

Excess  of  sapply  beyond  reqairements,  yearly 441.40 

The  amount  available  for  one  year  is  as  follows : 

Svunmilr  pri  sm  8. 

On  band  in  lakes,  &e 325.00 

Yearly  available  sapply  from  rains 368.96 

Supply  from  infiltration 192.00 

Total 785.95 

Yearly  demand ^ 119.56 

Excess  for  one  year 666.40 

With  a  view  of  embracing,  practically,  the  entire  subject  as  far  as 
connected  with  the  present  lines  of  survey,  the  requirements  of  a  canal 
12  feet  in  depth  are  given  and  compared  with  the  supply  of  wat^er  at  com- 
mand. The  depth  of  12  feet  is  assumed,  for  the  reason  that  if  Tampa 
is  taken  for  one  terminus,  and  the  river  Saint  John's  used,  12  feet  is  the 
utmost  capacity  of  that  river  up  to  the  mouth  of  the  Ocklawaha.  If 
any  point  on  the  coast  north  of  Tampa  is  taken  for  the  terminus,  then 
the  harbors  themselves,  by  their  bars,  presftnt  12  feet  as  a  limit. 

The  main  expenditures  of  water  result  from  lockage  and  leakage  at 
lock-gates.  Filtration  will  not  be  considered,  but  an  excess  of  infiltra- 
tion taken  as  a  positive  supply. 

J  propose  to  consider  the  locks  as  having  the  same  length  and  width 
as  those  on  the  Saint  Lawrence  Canal,  viz :  200  feet  from  miter  to  miter, 
width  of  45  feet  in  the  clear,  with  a  lift  of  8  feet. 

Applying  the  numbers  heretofore  found,  and  keeping  the  same  unit 
of  measure — that  is,  summit  prism,  with  first  dimensions  given — the 
annual  requirements  will  be — 

For  leakage  at  look-gates 7. 70  prisms. 

For  lockage,  about 66«.00       •' 

For  evaporation •. 3.00       ** 


a 


Reqairements 678.70 

Amount  due  to  infiltration 192.00  prisms. 

Yearly  supply  from  rain • 368.96       " 

Total  yearly  snpply 5601. 96  summit-prisms. 

678. 70 

Deficiency 117.74 

It  will  be  observed  that  the  great  expenditure  appearing  in  the  cal 
culation  is  from  lockage.    The  deficiency  of  117.74  prisms  may  be 
avoided  in  two  ways : 

1st.  By  the  construction  of  double  locks. 
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2d.  By  decreasing  the  lift  of  the  single  locks  from  8  to  6  feet.  The 
calculations  showing  this  can  be  readily  followed  out  from  data  given, 
and  are  not  inserted. 

Of  the  two  methods  proposed  above,  that  of  double  locks  would  be 
preferable;  for  while  economizing  water  similar  to  the  decrease  of  lift, 
in  case  of  crowded  business  on  the  canal,  it  would  doable  the  facilities 
for  passing  from  one  level  to  another. 

In  view  of  the  above,  it  is  considered  that  a  supply  adequate  to  a 
canal  having  a  depth  of  12  feet  and  locks  of  the  supposed  dimensions 
Las  been  shown. 

CONNECTION  WITH  THE  GULF. 

In  determining  upon  the  proper  terminus  for  the  canal  at  Tampa,  the 
bay  was  approached  by  two  different  lines,  as  suggested  in  your  instruc- 
tions; one  terminating  at  the  deep  water  of  the  river  Manitee,*  the  sec- 
ond at  the  deep  water  of  Hillsboro  Bay. 

LINE  TO  THE  MANITEE. 

This^line  separates  fi*om  the  one  to  Hillsboro  Bay  at  a  creek  known 
as  ^'  Fox  Branch,"  and  does  not  vary  in  the  generally  favorable  char- 
acter of  the  country  passsd  over  until  it  touches  the  streams  flowing 
north  into  Tampa  Bay,  viz:  the  Alafi&,  Bullfrog,  Little  and  Great  Man- 
itee Bivers. 

These  streams  are  in  general  parallel  with  each  other,  and  crossed  by 
the  line  nearly  at  right  angles;  hence,  after  getting  abreast  of  the  head 
of  Hillsboro  Bay,  the  profile  of  the  line  presents  a  succession  of  swells 
and  depressions  throughout  its  remaining  length;  the  swells  forming 
the  divides  of  the  streams  mentioned,  and  the  depressions  the  valleys 
of  the  streams  themselves.  This  feature  of  the  line  is  unfavorable,  for 
it  involves  two  important  facts  in  the  actual  construction  of  the  canal : 
1st.  Aqueducts  and  embankments  to  cross  each  stream;  2d.  Considera- 
ble excavation  to  pass  the  ridges  dividing  the  streams.  After  reaching 
the  Great  Manitee,  the  following  objection  is  still  encountered:  The 
depth  of  water  over  the  bar  at  its  mouth  is  only  9  feet,  less  than  might 
be  required  by  vessels  which  would  enter  the  bay ;  and  there  is  no  pro- 
tected anchorage  near  except  in  the  river.  In  general,  by  terminating 
at  the  Great  Manitee,  the  canal  would  be  increased  in  length,  the  cost 
of  construction  greater,  and  communication  with  the  Gulf  less  perfect 
and  more  exposed  than  the  character  of  the  bay  requires. 

LINE  TO  THE  HILLSBOBO. 

From  Fox  Branch  this  line  continues  in  a  direct  course  for  the  valley 
of  the  Hillsboro,  which,  when  struck,  is  followed  to  a  point  near  Hig- 
ler's  Bridge,  where  it  is  proposed  the  river  itself  shall  be  entered  and 
made  use  of  to  near  its  mouth. 

To  make  the  connection  between  the  bay  and  canal  as  perfect  and 
rapid  as  practicable,  the  latter  should  evidently  terminate  at  some 
point  susceptible  of  being  reached  by  all  vessels  trading  in  the  bay, 
affording  secure  anchorage,  also  where  the  required  depth  of  water 
approaches  near  shore.  This  point  is  indicated  by  the  natural  anchor- 
age of  the  bay  near  ''  Ballast  Point,"  3^  miles  from  the  mouth  of  the 
Hillsboro,  and  has  been  selected  as  more  nearly  than  any  other  fulfill- 
ing the  desired  conditions. 

The  manner  of  uniting  with  the  bay  is  more  particularly  as  follows : 
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• 

The  canal  is  designed  to  enter  the  Hillsboro  about  4  miles  above  the 
town  of  Tampa,  and  the  river  is  then,  used  as  far  as  the  month.  Start- 
ing just  inside  the  bar,  the  canal  leaves  the  river,  following  the  low 
ground  near  the  shore  until  it  debouches  into  the  bay  at  the  anchorage 
near  '^Ballast  Point."  Between  the  mouth  of  the  Hillsboro  audi 
Ballast  Point.it  is  proposed  that  the  canal  shall  be  of  sufficient  depth 
and  width  to  allow  of  all  vessels  ascending  to  the  town  of  Tampa  and 
meeting  the  boatfi  in  the  river,  instead  of  the  boats  proceeding  to  them 
in  the  bay,  a  position  at  times  somewhat  exposed. 

The  advantage  of  this  is  considered  of  a  twofold  nature:  1st,  it  pre- 
sents an  extensive  water-front  for  trade,  and  a  harbor  in  which  com- 
munication between  seagoing  vessels  and  those  trading  on  the  canal 
will  always  continue  uninterrupted ;  2d,  it  will  in  point  of  fact  place 
the  wharves  of  Tampa  upon  the  deep  water  of  the  bay,  and  thus  be  of 
very  important  advantage  to  the  town  itself.  This  work,  it  is  conceived, 
presents  no  obstacle  in  construction,  as  two  locks  each,  with  double 
gates — one  at  the  point  where  the  canal  leaves  the  river,  the  other 
where  it  enters  the  bay — would  enable  vessels  to  pass  in  and  out  under 
all  possible  circumstances  of  tide,  &c. 

The  objection  to  communicating  with  the  ship-anchorage  through 
the  mouth  of  the  river  and  by  the  bay  is  deemed  to  be  twofold*:  first, 
the  required  depth  of  6  feet  could  not  be  taken  over  the  bar  of  the 
river  with  any  certainty  except  at  high  tide;  second,  during  the 
prevalence  of  storms  transit  boats  probably  would  not  be  able  to 
descend  to  the  anchorage  at  all ;  hence  the  communication  between 
canal  and  bay  would  always  be  imperfect,  and  at  times  wholly  inter- 
rupted. 

The  line  of  canal  found  practicable  and  recommended  as  proper  to 
connect  the  head  of  navigation  of  tbe  Saint  John's  with  Tampa  Bay  is  as 
follows:  Starting  from  the  Saint  John's  at  the  mouth  of  Weekivah 
Greek,  the  valley  of  this  stream  is  followed  up  until  near  its  head,  then 
as  direct  a  course  as  the  nature  of  the  ground  will  admit  of  is  taken 
to  the  low  depression  of  sand-hills  which  form  the  crest  of  the  summit 
divide  of  the  interior ;  from  thence  the  course  is  direct  for  the  valley 
of  the  Hillsboro,  which  is  followed  until  the  depth  of  water  in  the  river 
is  sufficient  and  its  course  direct  enough  to  render  it  proper  for  the 
canal  to  enter  it.  This  point  is  decided  to  be  near  Higler's  Bridge, 
some  6  miles  from  Fort  Brooke.  Leaving  the  river  as  it  enters  the  head 
of  the  bay,  the  western  shore  of  the  bay  is  followed  to  the  terminus 
near  Ballast  Point. 

ESTIMATE  OF  COST  OF  CONSTRUCTION. 

In  making  out  the  estimate  of  the  cost  of  a  work,  the  location  of 
which  is  not  absolutely  fixed,  the  profiles,  plans,  and  details  of  construc- 
tion essential  to  a  minute  statement  of  items  making  up  the  cost  are 
necessarily  wanting. 

The  case  under  consideration  is  such  a  one ;  the  survey  has  shown 
the  practicability  of  a  canal  across  the  peninsula,  and  pointed  out  the 
line  along  which  it  should  run  to  connect  the  points  indicated  in  the  in- 
structions ;  but  the  exact  cost  of  labor,  of  materials,  of  foundations  for 
locks,  hence  of  the  locks  themselves,  &c.,  cannot  be  stated  except  in 
general  terms,  until  the  works  are  actually  planned  upon  the  ground 
and  ready  to  be  commenced. 

In  tbe  amounts  which  follow,  prices  are  fixed  which  in  similar  works 
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correspond  to  known  cost,  dae  allowance  being  made  for  a  perfect  and 
durable  style  of  finish. 

The  nature  of  the  entire  work  is  simple,  being,  with  two  exceptions, 
excavation  and  embankment,  having  locks  at  rather  regular  intervals, 
usually  single  and  never  more  than  a  flight  of  two,  separating  adjoining 
levels. 

The  exceptions  mentioned  are  at  the  crossings  of  Reedy  and  Hitch- 
apocasassa  Creeks.  At  the  first,  the  bottom  of  the  canal  passes  5  feet 
above  the  ordinary  water-line  of  the  creek,  and  an  aqueduct  crossing 
it  should  leave  a  water-way  to  the  stream  of  50  feet  in  width  ;  the  em- 
bankment approaching  and  leaving  it  will  have  a  total  length  of  500 
yards,  and  an  average  height  of  12  feet.  As  the  reach  passing  this 
stream  is  a  long  one,  it  is  desirable  that  works  should  be  constructed 
for  making  the  stream  a  feeder  to  the  canal.  A  dam  thrown  across  it  a 
short  distance  above  the  point  of  crossing,  with  gates  for  retaining  or 
drawing  off  the  water  and  a  feeder  leading  to  the  canal,  will,  together 
with  the  aqueduct  and  embankment,  comprise  the  exceptional  works 
indicated  at  Beedy  Creek. 

At  Hitchapocasassa  it  is  not  thought  necessary  to  turn  the  water  into 
the  canal,  the  bottom  line  of  which  passes  7  feet  above  the  ordinary 
surface  of  the  stream  j  a  water-way  of  75  feet  in  width  should  be  given 
to  the  stream. 

EXCAVATION  AND  EMBANKMENT. 

The  calculation  for  this  is  made  on  the  supposition  that  one  man  can 
dig  and  throw  into  a  wheelbarrow  or  cart  15  cubic  yards  in  a  working 
day  of  ten  hours ;  that  another  man  can  wheel  on  a  level  the  same 
amount  during  the  same  time  a  distance  of  40  yards;  when  the  dis< 
tance  exceeds  40  yards  the  price  must  be  increased  in  proportion ;  that 
a  horse  and  cart  can  transport  a  like  amount  a  distance  of  1,000  feet  in 
ten  hours,  or  half  the  amount  a  distance  of  2,000  feet  in  the  same  time 
up  an  ascent  of  1  in  20. 

The  labor  of  a  man  is  taken  at  $30  per  month ;  cost  of  boarding  him 
at  $6  per  month.    The  labor  of  a  horse  and  cart  is  valued  at  $1  per  day. 

There  are  six  days  to  be  deducted  from  the  month,  four  Sundays  and 
two  rainy  days,  as  lost  time. 

The  24  working  days  of  a  month  will  cost  for  a  man  $36,  and  for  a 
horse,  cart,  and  driver,  $66.  Taking  the  total  amount  of  excavation 
along  line  of  canal  and  arranging  it  according  to  cost  per  cubic  yard 
of  digging  and  hauling,  we  have  the  following : 

ExoavatioD  of  1,445,314  cubic  yards  common  earth,  at  42  cents (GOT^OSl  88 

Excavation  of  1,031,968  cubic  yards  common  earth,  at  26  cents 268, 311  68 

Excavation  of  669,141  cubic  yards  common  earth,  at  22  cents 157,211  02 

Excavation  of  5,510,761  cubic  yards  common  earth,  at  18  cents 991,936  98 

Excavation  of  2,086,764  cubic  yards  common  earth,  at  16  cents 383, 382  24 

Excavation  of  1,135|200  cubic  yards  common  earth,  at  14  cents 158, 928  00 

Total  for  excavation 2,567,301  80 

LOCKS. 

The  total  elevation  to  be  overcome  in  passing  from  the  headwaters  of 
the  Saint  John's  to  the  summit-level  of  the  canal  as  established,  is  107  feet, 
measured  from  the  surface  of  the  water  in  each.  From  Hillsborough 
River  to  summit-level,  the  elevation  to  be  overcome  is  119  feet;  the  locks 
are  supposed  to  have  a  lift  of  8  feet ;  this  will  give  14  between  Saint 
John^s  and  summit,  (the  surplus  (4  feet)  occurring  at  Saint  John's  to 
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allow  for  lowest  stage  of  the  river,)  and  15  between  the  summit  and 
Hillsborough  Biver.  Adding  the  two  necessary  at  the  bay — one  where 
the  canal  leaves  the  river  near  its  mouth,  the  other  where  it  terminates 
at  Ballast  Point — we  find  the  total  number  of  locks  required  by  the 
work  to  be  thirtpone^ 

In  estimating  the  cost  of  one  lock,  the  bottom  and  side- walls  of  the 
chamber,  head  and  tail  bays,  are  supposed  to  be  faced  with  granite 
brought  from  northern  quarries ;  other  materials  from  the  vicinity,  dis* 
tance  not  exceeding  10  miles;  dimensions,  as  given  in  instructions,  110 
by  16  feet  in  the  clear.  The  calculation  makes  the  cost  between  $24,000 
and  $25,000 ;  the  last  amount  is  taken. 

Thirty-one  locks,  at  t25,000 $775. 000  00 

Aquedaot,  dam,  waste-weir,  and  gates,  at  the  crossing  of  Reedy  Creek. . .  i^,  000  00 
Aqueduct  at  crossing  of  Hitchapooasassa — stone  quarried  on  the  spot ....      20, 000  00 

WASTE-WEIRS. 

The  number  and  size  of  these  will  be  regulated  by  the  number  of  small 
streams  intersected  by  and  received  into  the  canal,  and  should  be 
equal  to  keeping  up  as  rapid  a  drainage  of  country,  during  periods 
of  unusual  rains,  as  now  exists  by  means  of  the  streams  themselves. 
The  number  required  along  the  entire  line  will  be  about  35,  and  need 
not  vary  materially  in  size;  the  average  quantity  of  masonry  in  each 
would  be  about — 

45  cubic  yards,  which  at  $14  per  cubic  yard $61)0  00 

35  wast&-weirs,  at $630,  say 22,050  00 

FEEDER. 

Until  a  more  extensive  survey  has  been  made,  the  precise  length  in 
yards  of  feeders  required  cannot  be  given.  In  speaking  of  the  quantity 
of  water  that  could  be  supplied  to  the  summit-level,  it  was  stated 
that  seven  miles  of  cutting  would  connect  the  entire  series  of  lakes  and 
swamps  to  be  made  use  of.  Not  to  underestimate,  the  total  length  of 
cutting  for  feeders  will  be  estimated  at  10  miles. 

The  feeder  is  supposed  to  be  28  feet  wide  at  bottom  and  6  feet  deep 

Excavation  of  469,211  cubic  yards  of  earth,  at  16  ceuts $75, 073  60 

Clearing  ten  miles,  at  $500 5,0UO  00 

Ten  gates  for  regulating  sapply,  at  $1,000 10,000  00 

Total  for  feeders ^ 90,073  60 

aRUBBING  AND  CLEARING  OF  MAIN  LINE. 

In  consequence  of  the  numerous  small  cypress-swamps  cut  through 
by  the  line,  the  expense  of  this  will  be  higher  than  if  the  country  was 
more  open. 

Grubbing  and  dearing  107^  miles,  at  $300 $32,199  CO 

RETAINING-WALLS. 

In  consequence  of  the  sandy  nature  of  the  soil  where  the  line  of 
canal  cuts  the  dividing-ridge  near  Hawk  Greek,  and  the  depth  of  the 
cutting  required  to  pass  it,  it  is  believed  the  sides  of  the  canal  will  need 
an  artificial  support  to  resist  the  tendency  to  fill  in  arising  from  infil- 
tration ;  the  total  distance  requiring  such  support  has  been  estimated 
at  2,867  yards. 

There  were  no  indications  of  rock  found  nearer  to  this  point  than  12 
miles  on  the  Withlacooche,  in  a  northwest  direction.  Assuming  that 
the  stone  requires  transportation  for  this  distance,  the  cost  of  revetment 
or  supporting- walls  i>er  linear  yard  will  be  about  $18;  the  2,867  yards, 
at  $18,  will  amount  to  $51,606. 
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The  expense  of  these  walls  woald  be  saved  in  part,  from  the  fact  that 
being  vertical,  or  nearly  no,  the  cross-section  of  the  open  cut  woald  be 
mnch  diminished,  hence  the  estimate  for  excavation  lessened ;  bat  in 
consideration  of  there  necessarily  arising  many  contingent  expenses  in 
the  execution  of  a  work  which  cannot  appear  in  an  original  estimate,  it 
is  preferred  that  the  above  amoant  stand  as  an  additional  item  and  dis- 
connected from  others. 

CLEARING  AND  PREPARING  BANKS  OF  HILLSBOROUGH  RIVER. 

To  prepare  this  river  to  serve  as  a  continuation  of  the  canal,  it  will 
be  necessary  to  clear,  smooth,  and  level  the  banks,  in  some  places  fill 
in  and  flag,  in  others  cut  away,  in  order  to  prepare  a  tow-path ;  in 
general,  however,  the  banks  will  require  comparatively  little  work,  and 
it  is  estimated  that  $4,000  per  mile  will  be  sufficient. 

7t  miles,  at  $4,000 |30,500  00 

No  item  is  inserted  for  ramming  and  dressing  embankments,  as  it  is 
considered  far  better  to  transport  over  it,  and  this  can  usaally  be  done. 

STTMMART  OF  ESTIMATE. 

Excavation  and  embankment $2,567,301  80 

Locks 775,000  00 

Aqneducte 55,000  00 

Waete-weire 22,050  00 

Feeders 90,073  00 

Retaining- walla.-..-. 51,606  00 

Clearing  and  grnhbing 32,199  00 

HiUsborongb  River 30,500  00 

Total ^ 3,623,729  80 

Add  2  per  cent,  for  wear  and  breakage  of  tools 72, 474  58 

Grand  total 3,695,204  38 

The  line  across  the  peninsula  is  naturally  divided  into  four  divisions, 
as  follows :  Starting  from  the  Saint  John's, division  No.  1  extends  to  the 
last  of  the  series  of  locks  necessary  to  ascend  the  valley  of  the  Wee- 
kivah. 

Division  No.  2  consists  of  the  long  level  stretching  from  Lake  Wee- 
kivah,  and  terminates  at  the  summit-level. 

Division  No.  3  is  summit-level. 

Division  No.  4,  the  line  between  summit-level  and  Tampa  Bay. 

The  cost  of  construction  will  be  distributed  according  to  estimate,  as 
follows : 

Division  No.  1, 17  miles,  880  yards  in  length,  and  10  locks $513,205  70 

Division  No.  2,  28  miles,  1,053  yards  in  length,  and  4  looks 504, 703  36 

Division  No.  3,  21  miles,  473  vards  in  length 1,671,294  96 

Division  No.  4,  46  miles,  1,707  yards  in  length,  and  17  locks 994, 208  34 

Having  embodied  the  results  of  the  survey  connected  with  the  line  in 
the  foregoing  remarks  and  estimates,  I  will  refer  briefly  to  a  line  run  to 
the  Oeklawaha  Biver,  and  connecting  with  the  one  to  Tampa. 

A  line  of  canal  across  Florida,  to  be  most  valuable  to  commerce,  evi- 
dently should  take  as  direct  a  course  from  the  Atlantic  to  the  Gulf  as 
practicable.  To  ascend  the  Saint  John's  to  near  its  headwaters,  and 
then  cross  to  Tampa,  is  undoubtedly  circuitous  as  a  line  of  commanica- 
tion  to  avoid  the  straits  of  Florida,  and  the  depth  of  water  in  the  upper 
8aint  John's  is  such  as  limits  navigation  to  boats  of  light  draught.  It 
would,  unquestionably,  be  better  to  connect  the  canal  with  the  lower 
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portion  of  the  river,  at  some  i)oint  to  which  the  depth  of  water  carried  over 
its  bar  can  be  brought ;  more  especially  so  if  distance,  at  the  same  tiDie, 
is  saved.  With  the  above  in  view,  also,  agreeably  to  your  instraction 
directing  any  lines  to  be  examined  that  might  be  ^eemed  favorable,  the 
sarvey  was  carried  from  a  point  of  the  first  line  known  on  the  map  as 
Fox  Branch,  to  the  headwaters  of  the  Ocklawaha  Biver. 

^apposing  the  canal  to  reach  the  Saint  John's  from  Tampa,  by  con- 
tinuing down  the  valley  of  the  Ocklawaha,  this  route  may  be  compared 
with  the  first,  in  a  few  words,  as  follows : 

The  summit-level  will  be  18  feet  lower ;  it  has  the  same  sources  of 
supply,  and  numerous  lakes  near  the  headwaters  of  the  Withlacoochee 
additional. 

The  length  of  the  canal  to  be  constructed  will  be  increased  some  50 
miles,  and  the  transit  across  the  peninsula  shortened  by  about  20 
miles. 

The  expense  of  construction  will  be  less  in  proportion  to  distance, 
since  the  sandridge  cut  by  the  summit-level  of  the  first  line  is  in  this 
not  met  with.  The  fact  of  avoiding  the  sand-ridge,  ^iso  being  able  to 
establish  the  summit-level  lower,  will  decrease  the  estimate  for  con- 
struction about  $750,000  for  an  equal  number  of  miles.  Tbis  will  make 
the  entire  cost  of  the  Ocklawaha  route  about  $400,000  more  than  the 
first  line,  dimensions  of  the  two  being  the  same. 

Taking  up  the  data  for  supply  of  water  already  used,  it  can  be  easily 
shown  that  there  is  an  abundance  for  a  canal  having  a  depth  of  12 
feet,  and  it  is  with  a  view  to  such  a  depth  being  desirable  for  the  canal 
that  the  Ocklawaha  route  becomes  of  interest;  its  junction  with  the 
Saint  John's  would  be  near  Pilatka,  up  to  which  poiot  10  to  11  feet  can 
be  carried.  That  such  a  depth  is  essential  to  the  undertaking  of  the 
work  as  a  national  object,  seems  pretty  evident,  for  without  it  there 
would  be  two  extra  transshipments,  together  with  time,  labor,  and  conse- 
quent expense  attending  it.  But,  could  vessels  carrying  on  tbe  coast- 
ing trade  have  a  channel  leading  to  the  Gulf  presented  to  them  abso- 
lutely free  from  the  dangers  incident  to  the  navigation  through  the 
Straits  of  Florida,  entailing  no  expense  incident  to  a  double  handling 
of  cargo,  and  by  means  of  which  the  time  of  their  arrival  in  tbe  Gulf 
could  be  calculated  with  certainty,  this  time,  too,  being  less  than  a 
voyage  around  Florida  requires,  it  is  believed  that  then,  aud  only  then, 
the  elements  of  a  successful  line  of  water- transit  are  shown. 

If  the  river  Saint  John's  had  the  requisite  depth  up  to  the  mouth  of  the 
Weekivah,  then  would  the  first  be  a  more  favorable  line  than  the  second, 
as  i-egards  original  cost  of  construction  ;  there  is  water  enough  to  sup- 
ply the  summit-level  on  either  line,  should  the  canal  have  a  depth  of 
12  feet. 

The  points  of  the  river  presenting  the  shoal  water  are  as  follows : 
Kear  the  mouth  of  the  Ocklawaha  the  depth  shoals  to  10  feet ;  the  out- 
let of  Lake  George  has  only  9  feet,  and  this  general  depth  continues 
for  some  3  miles.  The  inlet  of  Lake  George  has  on  its  bar,  ordi- 
narily, 6^  feet ;  rains  will  increase  and  wind  may  lessen  this  depth ; 
beyond  this,  the  river  has  a  depth  varying  from  15  to  20  feet,  up  to 
Lake'  Monroe ;  outlet  of  Lake  Monroe,  scant  5  feet.  The  bars  at  the 
entrances  to  the  different  lakes  are  permanent  obstacles,  unless  con- 
stantly being  improved:  the  expense  attending  such  improvement 
would,  doubtless,  make  tne  Ocklawaha  much  the  cheaper  route  in  the 
end,  and  the  line  in  this  case  would  pass  near  to  and  through  a  much 
more  fertile  and  important  part  of  the  State  than  if  starting  from  the 
mouth  of  the  Weekivah. 
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• 

The  conclnsion  in  reference  to  the  two  roates  is  this  :  If  a  depth  of 
only  G  feet  is  given  to  the  canal,  then  the  first  line  is  preferable;  if  the 
entire  depth  of  water  available  in  the  Lower  Saint  John's  is  desirable 
to  be  carried  across  the  peninsula,  then  the  second  or  Ocklawaha  route 
is  preferable.  It  has  already  been  stated  that  both  are  practicable,  and 
can  have  a  fall  sapply  of  water. 

I  take  occasion  to  remark,  in  this  connection,  that  the  map  shows  a 
rather  favorable  line,  starting  from  the  harbor  of  Crystal  Kiver,  and 
striking  the  Saint  John's  at  the  month  of  the  Ocklawaha.  How  favor- 
able the  ridge  dividing  the  Withlacoochee  and  Ocklawaha  Eivers  may 
be  for  crossing  is  not  known ;  bat,  before  deciding  upon  any  line  as  the 
best  for  crossing  the  peninsula,'  this  one  should  be  examined }  want  of 
funds  prevented,  this  being  done  by  myself. 

•  •       '        •  •  •  •  • 

The  main  objections  to  the  work  are  the  two  following: 

1st.  The  line  of  transit  embraced  in  present  surveys  is  too  circuitous. 

2d.  The  depth  of  water  (limited  by  the  Saint  John's  and  by  the  har- 
bors on  the  western  coast  to  11  and  12  feet)  is  not  as  great  as  is  desirable 
for  an  important  ship-canal. 

The  Saint  John's  above  its  bar  could  be  deepened ;  but,  in  that  event, 
the  terminus  on  the  eastern  side  (canal  having  a  greater  depth  than 
mentioned)  would  be  the  mouth  of  the  Saint  Mary's,  and  would  involve 
the  necessity  of  deepening  the  inland  passage  between  the  Saint  John's 
and  Saint  Mary's. 

Saint  Mary's,  or  Eernandina  Harbor,  is  the  natural  terminus  for  any 
canal  connecting  the  Atlantic  and  Gulf,  for  it  is  the  last  port  on  the 
Atlantic  coast  capable  of  admitting  vessels  drawing  more  than  about 
ten  feet;  hence  the  only  point  where  trade  would  center  on  its  way 
eastward,  and  be  met  by  vessels  for  distribution  to  home  and  foreign 
markets. 

In  concluding  this  report,  the  attention  of  the  Colonel  of  Topograph- 
ical Engineers  is  respectfully  called  to  the  subject  of  the  practicability 
of  a  ship-canal  across  Florida  as  it  now  rests.  There  are  at  least  four 
lines  across  the  peninsula  which  should  be  surveyed  before  any  one  can 
be  decided  upon  as  preferable  to  the  others ;  two  of  these  lines  only 
have  been  run,  and  either  one  of  the  two  remaining,  if  found  favorable, 
would  be  preferred  to  those  reported  upon ;  for,  in  the  first  place,  being 
nearer  the  base  of  the  peninsula,  there  would  be  less  deviation  from 
the  general  line  of  the  Atlantic  and  Gulf  coast — Whence  a  decrease  of  the 
length  of  water-communication  from  south  to  north ;  next,  the  line  of 
canal  would  be  more  direct,  and  would  run  across  Florida  at  about  its 
narrowest  point. 

In  view  of  the  above,  it  is  respectfully  urged  that  an  additional  appro- 
priation for  continuing  the  Florida  Canal  survey  be  rex^ommeuded,  in 
order  that  the  subject  may  be  fully  and  completely  discussed,  and  leave 
no  unexamined  points  for  future  doubt. 

It  is  believed  that  $15,000  might,  if  economically  used,  enable  all 
desirable  information  to  be  obtained ;  $20,000  is,  however,  considered  a 
much  safer  amount  to  estimate  for,  and  is  the  sum  named  and  respect- 
fully urged  to  be  recommended  by  you. 

I  am,  very  respectfully,  sir,  your  obedient  servant, 

M.  L.  Smith, 
First  Lieutenant  Topographical  Engineers. 

Colonel  J.  J.  Abebt. 
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APPENDIX  J. 

ANlirUAL  EEPORT  OF  CAPTAIN  O.  W.  HOWELL,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1876. 

United  States  Engineer  Office, 

New  Orleans^  La.,  September  30, 1876. 

General:  I  have  the  honor  to  transmit  herewith  the  annual  reports, 
for  the  fiscal  year  ending  Jane  30, 1876,  of  the  various  work9  of  river 
and  harbor  improvements  under  my  charge. 

Very  respectfully,  your  obedient  servant, 

C.  W.  .Howell, 


Brig.  Gen.  A.  A.  Humphreys^ 

Chief  of  Engineers^  P.  8.  A. 


Captain  of  Engineers. 


• 


J  I. 

improvement  op  the  mouth  op  the  MISSISSIPPI  river  at  south- 
west PASS. 

The  work  was  conducted  throughout  the  year  in  the  same  manner  as 
daring  previous  years. 

Even  with  the  relatively  increased  volume  of  discharge  through  Soath- 
west  Pass,  which  has  marked  the  year,  and  the  positive  increase  in 
velocity  of  current,  suggesting  scour  of  banks  and  bottom  of  the  body 
of  the  pass,  with  increased  amount  of  deposit  on  its  bar,  the  dredges 
have  been  able  to  maintain  a  more  uniform  depth  and  width  of  channel 
over  the  bar  than  has  been  reported  for  any  previous  year. 

While  this  channel  has  not  been  deep  enough  to  allow  the  largest  sea- 
going vessels  trading  with  New  Orleans  to  load  to  their  maximum 
draught,  it  has  yet,  by  careful  management  and  by  the  generally  con- 
sidered action  of  those  interested,  been  made  to  meet  the  necessities  of 
this  commerce  better  than  heretofore.  For  many  years  past  there  have 
been  notable  blockades  and  detentious,  resulting  in  great  losses  to  the 
vessels  detained. 

Daring  the  past  year  there  has  been  no  blockade  such  as  heretofore, 
and  no  very  serious  detention,  except  that  of  the  steamship  Alabama, 
of  360  hours,  caused  by  her  loading  to  the  excessive  draught  of  20  feet 
4  inches. 

As  a  portion  of  the  history  of  the  work,  a  tabular  statement  is  append- 
ed, of  which  the  following  is  a  synopsis: 
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THE  ESSAYONS. 

Late  in  December  last,  it  having  been  definitely  ascertained  that  for 
many  months  to  come  commerce  would  be  dependent  on  a  Southwest 
Pass  channel,  the  Essayons  was  placed  in  dock  for  the  general  repair 
contemplated  by  the  act  of  Congress  appropriating  $100,000  for  that 
purpose. 

With  all  the  delay  incident  to  such  work  I  was  able  to  dispatch  the 
dredge-boat  as  good  as  new  to  Southwest  Pass  on  the  12th  of  June,  at 
which  time  it  was  necessary  to  make  comparatively  slight  but  important 
repair  to  the  McAlester. 

The  repairs  to  the  Essayons  were  of  the  most  general  and  thorough 
descriptioD.    They  were  estimated  before  commencing  them,  with  as 
great  care  as  possible,  at  $90,000.    The  total  cost  has  been  somewhat 
greater.    For  the  repair  of  hull  it  was  found  necessary  to  remove  nearly 
one-half  of  the  top  futtocks  and  top  timbers  of  the  frame,  which  was 
found  badly  decayed  above  the  light-draught  line.    The  timbers  to  re- 
place these  are  of  clear  heart  cypress.    The  planking  stripped  off  to 
take  out  decayed  timbers  and  put  in  new,  was  also  replaced  by  cypress 
water-seasoned.    Stem  and  stern  posts  were  put  in  new ;  a  piece  was 
scarfed  on  after  end  of  keel,  which  was  so  wormed  as  not  to  properly 
hold  the  after  shoe.    This  shoe  was  given  two  additional  straps.    Nu- 
merous pieces  of  wormed  planking  near  the  keel,  where  the  copper  had 
been  rubbed  off,  were  replaced.    The  vessel  was  entirely  stripped  of 
copper,  and  this  replaced  by  heavy  composition.    The  ceiling  of  the 
hull,  necessarily  removed  to  repair  frames,  was  renewed.    The  upper 
deck  was  in  bad  condition,  especially  over  the  boilers,  and  was  partly 
renewed  and  the  remainder  repaired.     The  deck-houses  were  all  re- 
paired and  the  whole  vessel  newly  painted.    The  forward  shoe,  plow, 
and  rudder  were  nearly  worn  out  by  scouring,  and  were  repaired  by 
welding  on  new  pieces  and  partly  replacing  the  rudder  covering.    A 
new  deflector  tram-way  was  put  on,  the  old  one  being  badly  brushed  up 
and  further  injured  in  taking  it  off.    J!he  deflector  had  been  badly 
jammed,  twisting  its  arms,  bending  tie-rods  and  buckling-bands  and 
plates.    This  was  thoroughly  repaired.    The  propeller-shafts  were  re- 
cased  and  their  sleeves  relined;  the  sockets  in  hub  of  excavator  had 
worn  so  much  as  to  give  the  blades  considerable  play.    These  were  trued 
up  and  new  blades  cast  to  fit  them.. 

MACHINEBY. 

New  cylinders  were  made  for  deflector  hoisting-engines  of  larger  di- 
ameter than  the  old  ones  to  take  steam  at  low  pressure  from  the  maia 
boilers  and  facilitate  handling  of  the  deflector.  The  bolster  admidsbips, 
which  was  quite  worn  out,  was  repaired. 

Piston-heads  of  main  engines  were  trued  up  and  repacked ;  piston- 
rods  trued.  The  valve-gear,  which  was  much  worn,  fully  repaired.  The 
eccentrics  trued  and  new  eccentric-straps  made.  New  tubes  and  pack* 
ing  were  put  in  condensers.  The  circulating  pumps  repaired  and  ad- 
ditional thrust-bearing  given  them.  Air,  feed,  and  bilge-pumps  were  re- 
paired, and  all  injection,  delivery,  and  connecting- valves  overhauled 
and  ground  in. 

BOILEBS. 

The  boilers  were  in  very  bad  condition,  much  worse  than  could  have 
been  ascertained  before  moving  them  for  repair.    The  water-bottoms 
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were  nearly  gone  and  had  to  be  entirely  cat  off.  They  were  replaced  by 
water-legs  and  cast-iron  ash-pans  resting  on  a  thick  cement  flooring. 
A  large  nnmber  of  sheets,  particularly  on  the  backs  and  tops  of  the 
boilers,  were  in  very  bad  condition,  due  in  part  to  the  impossibility,  for 
lack  of  space,  of  getting  at  them  to  scale  and  paint.  All  weak  sheets 
were  removed  and  new  iron  pat  in.  All  tabes  were  taken  out  and  new 
ones  pat  in.  The  boilers  were  covered  with  new  felting  and  sheet-lead. 
A  new  smoke-stack  was  provided,  the  old  one  having  rasted  throagh 
in  many  places  so  as  to  make  it  very  weak.  All  steam-pipes  and  other 
connections  were  necessarily  torn  np,  and  required  much  labor  for  their 
replacement. 

On  completion  of  repair  the  boiler  was  tested  to  60  pounds  cold  pres- 
sare  with  very  satisfaqtory  result.  When  steam  was  first  given  the  en- 
gines, but  four  leaks  were  found  in  connections,  although  these  have 
some  1,600  joints.  At  the  first  test  of  engines  not  hooked  on,  they  were 
found  to  work  perfectly — as  well,  if  not  better  than  ever  before.  When 
hooked  on  at  the  wharf  they  worked  equally  well,  and  without  the  usual 
precaution  of  a  trial-trip  the  vessel  steamed  down  the  river  and  re-com- 
menced her  work  on  the  bar,  where,  without  trouble  from  her  machinery, 
she  has  since  been  working.  I  mention  this  that  due  praise  may  be  given 
Mr.  P.  B.  Sexton,  the  chief  steam-enginer  of  the  dredge-boats,  under 
whose  untiring  superintendence  such  an  exceptional  result  has  been 
obtained.  Equal  credit  is  due  to  Captain  0.  H.  Elwell,  senior  master  of 
the  dredge-boats,  for  the  fidelity  and  excellent  judgment  with  which  he 
superintended  the  repair  of  hull.  Both  of  these  gentlemen  have  been 
connected  with  the  work  at  the  mouth  of  the  river  since  its  commence- 
ment in  1868. 

The  work  of  repair  was  conducted  as  follows : 

Dockage  and  demurrage  in  the  Louisiana  dry-dock  was  contracted  for 
at  the  same  prices  as  heretofore  paid  the  Marine  dry-dock.  The  Dock 
Company  furnished  timber,  oakum,  bolts,  spikes,  &c.,  and  labor,  at 
prices  verbally  agreed  upon  beforehand,  and  considerably  lower  than 
the  card -rates.  Bids  were  received  for  sheathing-metal,  and  contract 
given  to  the  lowest  bidder.  Bids  for  boiler-work  were  received,  and 
contract  given  to  the  lowest  bidder,  who  was  furnished  his  iron,  which 
was  also  purchased  of  the  lowest  bidder.  Felting  and  sheet-lead  were 
procured  in  the  same  way.  Boiler  and  condenser  tubes  and  packings 
were  purchased  from  the  manufacturer  in  New  York.  The  shop-work 
on  engines  and  machinery  was  done,  as  heretofore,  by  day's  work,  and 
at  fixed  prices  for  material.  The  mechanical  work  on  board  ship,  except 
for  boilers  and  plumbing,  was  done  by  hired  labor,  under  the  direction 
of  the  steam-engineers  before  employed  on  the  vessel.  A  time-keeper 
on  the  ship  and  one  in  the  shop  kept  a  full  account  of  labor  and  material 
and  reported  weekly. 

I  THE  MCALESTEB. 

Owing  to  delay  in  getting  the  Essayons  ready,  the  McAlester  was 
worked,  without  repair  of  her  shaft  casing  and  sleeves,  longer  than 
usual.  When  the  Essayons  was  ready  to  relieve  her,  she  was,  there- 
fore, immediately  brought  to  the  city,  placed  in  the  end  dock,  and  her 
shaft  and  sleeves,  with  plow,  shoe,  and  rudder,  which  had  been  broken 
loose  while  at  work,  were  sent  to  the  shop.  A  section  of  her  mud-keel 
had  also  been  (carried  away,  and  iron  to  repair  it  was  sent  for.  Two 
piston-heads  of  main  engines,  which  required  truing,  were  also  sent  to 
the  shop.  Her  condenser-tubes  are  being  replaced  by  those  taken  from 
the  Essayons,  which  I  have  had  retinned  for  the  purpose.    Some  soft 
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patches  have  been  put  on  main  boilers.  Completion  of  work  is  only  de- 
layed by  trouble  in  getting  iron  plates  of  the  dimensions  required  for 
mad-keel,  manufacturers  declining  to  make  special  size,  as  only  two 
sheets  are  required.    Bepair  will  soon  be  completed. 

THE  END  BOOK. 

This  is  in  good  oondition  and  has  done  excellent  service.  Up  to  the 
end  of  the  fiscal  year  her  net  saving  to  the  work  has  been  $39,431  plus 
her  present  value.    I  consider  her  as  good  as  new. 

THE  OOAL-BABaS. 

This  vessel  has  been  employed  throughout  the  year  as  tender  to  the 
dredge  engaged  on  the  bar.  She  is  getting  old  and  very  weak,  and  has 
been  loaded  accordingly,  making  it  necessary  to  send  her  more  fre- 
quently to  the  city  for  coal. 

THE  STBAH-LAUNOH. 

This  has  been  employed  almost  continuously  throughout  the  year  on 
surveys.  When  not  otherwise  called  for,  she  has  been  used  by  the  in- 
spector ef  the  South  Pass  jetty  work  in  prosecuting  surveys  at  that  pass. 
She  is  in  very  good  condition. 

SURVEYS. 

These  were  continued  at  intervals  until  late  in  April.  The  work  has 
all  been  plotted,  and  reports  of  assistants  will  be  completed  shortly, 
after  Lieutenant  Davis  can  be  for  a  time  spared  from  active  personal 
superintendence  of  the  work  at  Galveston# 

Copies  of  the  most  important  plots  and  tables  have  been  from  time  to 
time  forwarded  to  the  Chief  of  Engineers,  U.  S.  A. 

It  is  desirable  to  rerun  some  of  the  deep-sea  lines  as  soon  as  the  river 
is  at  low- water  stage,  as  further  verification  of  the  facts  shown  by  pre- 
vious soundings. 

The  steam-launch,  and  at  times  the  reserve  dredge-boat,  have  been 
employed  on  this  duty. 

REGULATIONS. 

The  regulations  established  by  the  Hon.  Secretary  of  War  for  the  use 
of  the  channels  dredged  have  been  very  generally  observed,  and  have 
been  of  great  service  in  helping  to  keep  the  channel  dear. 

COMMEROIAL  STATISTICS.  . 

The  following  has  been  received  frt>m  the  coUector  of  the  port  of  New 
Orleans : 

Number  of  entraDoes,  Bteam-veasels 366 

Number  of  olearanoeB,  steam-vessels 393 

Total  tonnage  of  same 884,765 

Number  of  entrances,  sailing-vessels 829 

Number  of  clearanoes,  sailing-vessels 841 

Total  tonnage  of  same 872,324 

Total  value  of  imports,  speciet  free  and  dutiable $11, 602, 873  00 

Total  value  of  exports,  domestic,  to  foreign  countries 83, 894, 196  00 

Total  value  of  exports,  foreign,  to  foreign  countries 333, 974  00 

Qrand  total  of  exports 84,228,170  00 

Amount  of  revenue  collected  on  imports *...      1,844,776  94 

The  work  is  located  in  the  collection-district  of  New  Orleans,  and  near  the  ligbt" 
houHC  at  Southwest  Pass. 

It  is  not  susceptible  of  permanent  completion,  and  for  its  continuation  next  year  will 
require  an  appropriation  of  $150,000. 
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PROJECT  FOR  ENSUINa  YEAR. 

It  ifi  proposed  to  employ  one  dredge  at  a  time,  holding  the  other  in 
condition  in  reserve  or  undergoing  repair ;  to  have  both  boats  ready  to 
work  on  the  bar  during  the  critical  season^  which  extends  from  aboat 
half-flood  stage  of  the  river  to  abont  the  middle  of  the  flood  season,  and 
is  characteri^  by  a  hard  sand  bottom  to  channel  and  a  rapid  extension 
of  bar. 

Snrveys  for  channel  charts  and  lump  movementS|  and  of  outer  slopes 
of  bars  to  300  feet  depths,  are  also  proposed. 

It  may  be  necessary  to  purchase  a  new  coal-barge. 

Money  statement 

Amoant  ayailable  Jaly  1, 1875 $261,707  59 

Amount  expended  daring  fiscal  year  ending  June  90, 1876 226, 687  40 

Amount  available  Jaly  1, 1876 35,020  19 

Amount  appropriated  oy  act  approved  August  14, 1876 '. 100, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .    150, 000  00 
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J   2. 

IMPROVING  HARBOR  AT  GALVESTON,  TEXAS. 

The  progress  made  in  tbis  work  diiriiig  the  year  and  its  history  will 
be  partially  shown  by  extracts  from  the  monthly  reports  of  the  assist- 
ant in  superintendence. 

On  the  3d  of  August  this  office  reported  as  follows  for  July  : 

«  «  *  *  •  «  * 

The  scow  for  the  Iran spoi tat ioD  of  cabioDs  was  completed,  and  the  arrival  of  the 
steam-tug  enabled  us  to  make  a  trial  of  it  in  sinking  gabions,  although  the  condition 
of  the  tide  was  rather  unfavorable.  It  was  found  that  the  scow  answered  the  purpose 
for  which  it  was  intended  admirably. 

Twelve  6-fooi  gabions  and  four  12-foot  gabions  were  sunk.  Much  more  might  have 
been  accomplished  had  the  tide  been  less  swift,  and  the  character  of  the  bottom  been 
favorable  for  the  action  of  the  sand-pump  and  the  placing  of  piles. 

The  tug  arrived  on  the  23d|  and  the  first  barge-load  of  gabions  was  towed  out  on  the 
27th,  (Tuesday,)  in  the  afternoon.  A  considerable  time  had  elapsed  since  the  last 
gabion  had  been  placed,  and  the  action  of  the  water  had  caused  a  bank  of  shells  to 
form  over  the  area  where  the  placing  of  the  gabions  was  resumed. 

It  is  very  slow  work  to  place  gabions  in  such  localities,  since  the  piles  cannot  be 
driven  deep  enough  to  hold,  and  the  sand-pump  does  not  move  the  shells  readily. 

The  number  ox  gabions  sunk  in  the  three  days  the  work  was  continued  does  not, 
therefore,  give  a  correct  idea  of  the  capabilities  of  the  means  employed  in  sinking 
gabions  under  the  ordinary  circumstances  of  tide  and  the  conditions  of  th«  bottom.  . 

The  construction  ot  the  gabion  was  continued  as  follows:  74  gabions  wove,  104 
gabions  completed,  279  blocks  of  concrete  made,  270  mats  made,  314  fascines  made, 
626  bundles  of  canes  trimmed,  395  barrels  of  cement  used,  355  barrels  of  sand  used,  476 
barrels  of  brick  used,  85  barrels  of  gravel  used,  3,080  stakes  used,  and  9  small  gabions 
completed.  A  comparative  examination  of  the  inner  bar  was  made  on  July  29,  and  a 
sketch  of  this  is  sent  herewith.  Some  remarkable  changes  are  indicated.  The  catting 
out  of  the  channel  across  the  necks,  uniting  the  midale  ground  with  the  knoll,  has 
already  begun,  and  deep  water  is  now  found  in  the  vicinity  of  the  new  work. 

The  swinging  of  the  lines  of  Jetty  farther  to  the  eastward  appears  to  be  the  proper 
course  to  pursue  under  the  present  circumstances. 

The  inclination  of  the  tide  to  form  a  channel  in  a  northeasterly  direction  being  ap- 
parently opposed  by  the  drifting  in  of  the  sand  by  the  incoming  tide,  and  that  the 
placing  of  the  jetty  so  as  to  arrest  this  drift  is  the  only  requisite,  the  ebbing  tide  hav- 
ing sufficient  force  t-o  excavate  a  channel  without  any  conidnement  by  jetties. 
«  «  «  «  «  «« 

On  September  4  a  report  was  made  for  August,  from  which  the  fol- 
lowing is  extracted : 

*  ^  «  «  «  •  • 

During  the  month  the  work  of  sinking  gabions  has  been  continued  with  flattering 
success,  though  prosecuted  in  the  midst  of  aggravating  difficulties. 

The  tubes  of  the  boilers  on  the  tug  and  dr^ge  have  been  leaking  to  such  a  degree 
as  to  frequently  cause  the  entire  suspension  of  the  work^  until  the  necessary  repairs 
could  be  made ;  from  the  absence  of  the  necessary  tools  in  Galveston  with  which  to 
make  these  repairs,  considerable  delay  in  the  resumption  of  work  has  resulted  each 
time,  and  although  the  results  present  a  favorable  showing  for  the  amount  of  time 
actually  employed,  still  it  can  hardly  be  accepted  as  an  average  exhibit  of  the  capa- 
bilities of  the  system  of  working  under  ordinary  circumstances. 

It  is  believed  that  most  of  the  difficulties  arising  from  the  imperfections  in  the  con- 
struction of  the  boilers  used  on  the  dredge  have  been  surmounted  and  that  in  the  future 
better  results  may  be  anticipated. 

The  second  barge  was  completed  the  last  of  the  month ;  but  one  barge  was  therefore 
available  for  transporting  gabions,  and  in  consequence  considerable  time  was  lost  in 
loading  the  gabions  upon  this  barge ;  that  will  not  occur  hereafter,  in  consequence  of 
having  one  barge  ready  to  replace  the  other  as  soon  as  empty. 

On  the  10th  the  experiment  of  continuing  the  work  night  and  day  was  begun,  and 
the  advantages  of  this  plan  clearly  demonstrated. 
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The  subjoined  table  will  exhibit  the  number  of  gabions  placed  each  day,  and  explain 
the  causes  of  delay : 


T^.  Aa 

Number  of  gabions 
sunk. 

Remarks. 

Date. 

6  feet. 

12  feet. 

August  1 

i 

Rough  irater,  preventing  operations  on  the  Jetty. 

Operations  suspended  in  early  part  of  tlie  day  by  leaking  of  tubes  in 

boiler  of  sana-dredge. 
Resumed  work  In  the  evenintr. 

2 
3 

i 

6 

4 

4 

5 

Getting  cargo  of  coal,  and  loading  barge  with  gabions. 

6 

10 

18 

7 

8 

Delayed  in  repairing  boiler  on  tug.    (Last  of  the  &  gabions.) 

Repairing  boiler  on  tug  ;  unable  to  tow  barge  tn  position. 

Resumed  work  in  the  evening. 

Feed-pump  of  boiler  on  dredge  failed;  obliged  to  suspend  work  for  the 
night. 

Feed-pomp  working  badly  during  twenty-four  hours. 

Tnlies  in  boiler  of  sand-dredge  leaking  so  as  to  extinguish  fire  com- 
pletely at  noon. 

ReHumed  work  at  6  p.  m. ;  at  11  p.  m.  sea  very  rough ;  work  discon- 
tinued. 

Getting  cargo  of  cement  and  lo-^ding  gabions. 

With  much  difficulty;  sea  so  rough  as  to  break  entirely  over  the  barge. 

9 

5 
7 

6 
4 

5 

10 

11 

13 

14  J 

16 

5 
13 
10 

7 
5 

17 

18 

Reloading  barge ;  stiff  norther  blowing. 

Heavy  sea :  resumed  work  at  9  p.  m. ;  driven  off  again  at  3  a.  m. 

St4>rm  continues ;  barge  and  sand-dredge  blown  in  contact,  and  suction- 
hose  collapsed. 

Repairing  suction-hose. 

£nconncered  shell-reef;  sand'pnmp  worked  slow. 

Tubes  again  leaking  in  boiler  of  sand-barge ;  hauled  off  for  repairs. 

Resumea  work  at  6  p.m.;  strong  tide;  boats  dragging;  discontinued 
work  until  morning. 

Encountered  shell-reef;  dredge  worked  slowly. 

Contending  with  strong  tide  day  and  night. 

Repairing  boiler  of  sand-dredge. 

19 

'20 

21 

23 

11 

8 
1 

7 
5 

24 

25 

26 

27 

28 

30 

ii' 

9 

31 



Greater  part  of  the  night  consumed  in  repairing  foot-valve  to  sand- 
pump. 

35 

119 

Total  number  of  gabions  sunk. 

The  first  line  of  jetty  was  extended  to  a  point  1,600  feet  from  the  eud  of  the  pile 
breakwater  on  a  line  slightly  to  the  westward  of  the  light-ship,  when  the  water  be- 
came so  shoal  as  to  endanger  the  gabions  when  landed  overboard  from  the  scow. 

A  second  linei  about  75  feet  in  rear  of  this  line,  was  commenced,  and  extended  about 
500  feet. 

At  a  distance  of  about  500  feet  from  the  pile  jetty,  a  stratum  of  soft  mad,  overlain 
by  a  thin  stratum  of  shells,  was  met.  The  shells  were  not  readilymoved  by  the  sand- 
pump,  and  the  filling  of  the  gabions  progressed  very  slowly.  The  mud  was  not  at- 
tacked by  the  pump,  and  frequent  stoppages  resulted  from  the  shells  being  all  moved 
from  the  surface  of  the  mud  by  the  pump. 

The  gabions  resting  on  this  mud  sank  over  half  their  height  when  filled,  and  it  is 
believ^  that  it  will  be  necessary  to  place  a  row  on  top  of  these  to  accomplish  much 
good.  The  guide  piles  were  easily  driven  10  to  12  feet  into  this  mud  by  an  ordinary 
wooden  beetle.  . 

A  strong  tide  sweeps  over  this  spot,  and  some  dimcalty  in  getting  the  gabions  in 
exact  position  has  been  encountered  in  consequence,  but  the  sinking  party  are  improv- 
ing with  time,  and  the  work  is  continued  without  much  regard  to  the  tides  or  weather ; 
in  fact,  I  am  not  sure  but  they  hold  on  too  long  sometimes,  for  the  dredge,  scows,  and 
boats  were  driven  over  the  jetty  on  two  occasions  by  storms,  knocking  the  tops  off  of 
two  or  three  gabions,  and  ii^uring  the  vessels  slightly. 

Mr.  Ripley's  absence  has  not  permitted  us  to  make  any  survey  of  the  inner  bar  this 
month.  The  gradual  increase  of  the  east  end  of  Galveston  Island  has  continued,  how- 
ever, and  some  changes  in  thci  appearance  of  theshcMkls  t-o  the  northeast  have  occurred. 

The  pilots  report  that  the  channel  across  the  inner  bar  has  moved  to  the  westward, 
and  is  quite  narrow. 

It  is  quite  likely  that  this  channel  will  close  entirely,  and  a  new  one  form  in  the 
vicinity  of  the  jetty  ;  for  this  reason  it  would  appear  to  be  advisable  to  continue  work 
on  the  present  ground  until  this  change  takes  place. 
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The  work  of  coustrnction  has  been  ood  tinned  as  follows : 
68  gabions  completed. 
57  gabions  wove. 
77  gabions  first  coated. 
70  gabions  concreted. 
451  concrete  blocks  made. 
84  mats  made. 
126  facines  made. 
302^  barrels  cement  nsed. 
262  barrels  San  Jacinto  sand  used. 
576  barrels  screened  gravel. 
1,066  bundles  of  cane,  trimmed. 
2,680  poles  nsed. 
67  bottoms  staked. 
73  tops  put  on. 
54  tops  covered. 

The  survey  launch  is  nearly  completed  and  it  is  believed  that  it  will  be  ready  for  use 
by  the  18th  of  September. 

On  October  4  the  following  report  was  rendered  for  September : 

The  process  of  sinking  gabions  in  the  second  row,  forming  the  jetty  extending  from 
the  end  of  the  old  breakwater  seaward  in  the  direction  of  the  Galveston  light-ship,  was 
continued  with  fair  progress  until  the  total  failure  of  the  tubes  in  the  boiler  of  the 
sand-dredge  caused  a  suspension  of  operations.  The  exact  number  of  gabions  placed 
during  the  month  is  unfortunately,  from  the  loss  of  the  record-books,  a  matter  of  con- 
jecture, but  was  in  the  neighborhood  of  100,  72  of  which  were  placed  in  one  week. 

The  construction  of  gabions  had  progressed  moderatelv,  but  25  large-sized  gabions 
had  been  first  coated  and  as  many  woven.  A  number  of  tops  and  bottoms  for  large 
gabions  were  completed  and  every  arrangement  perfected  for  pushing  the  work  with 
dispatch.  Then  in  one  night  everything  except  the  completed  gabions  were  swept 
away  by  an  extraordinary  storm.  This  storm  reaUy  commenced  on  the  14th  of  Sep- 
tember, and  continued  with  increasing  force  tiU  towanl  the  evening  of  the  15th,  when 
a  decided  temporary  abatement  occurred,  after  which  it  continued  to  increase  in  vio- 
lence, the  wind  blowing  from  the  northeast,  at  the  rate  of  40  miles  an  hour.  The  tide 
rose  rapidly,  and  toward  midnight  the  buildings  at  Fort  Point  were  all  swept  away, 
and  the  Government  employes  forced  to  take  refuge  upon  the  piles  used  to  suspend 
the  boats  from. 

The  steam-tug  Mulyneux  was  disabled,  and  not  therefore  available  at  this  critical 
time  for  attempting  the  rescue  of  the  employes  at  the  point,  and  it  is,  indeed,  very 
doubtful  whetner  sne  could  have  weathered  the  storm  at  night  when  the  situation 
became  alarming.  The  Houston  D.  N.  Co.'s  tug  was  obtained,  however,  and,  manned 
with  a  volunteer  crew,  proceeded  to  the  point,  and  rescued  the  employ^  from  the  piles 
and  flats  early  on  the  morning  of  the  16th.  But  two  men  are  missing,  and  in  view  of 
the  fact  that  assistance  reached  the  men  at  the  earliest  possible  moment,  it  is  indeed 
fortunate  that  the  loss  was  not  greater. 

The  water  continued  to  rise  in  the  bay,  and  on  the  17th  stood  6.48  feet  above  mean 
low- water  inside  the  Merchant's  Press  on  the  strand. 

The  wind  gradually  worked  around  by  the  S.  SE.,  S.  SW.  to  N.W.,  in  which  quarter  it 
subsided.  The  strongest  wind  during  the  gale  came  from  the  N.W.,  and  moved  at  the 
rate  of  60  miles  an  hour.  The  effect  of  this  wind  was  to  drive  the  vast  body  of  water 
accumulated  in  Galveston  Bay  by  the  N.E.,  E.,  and  S.E.  winds  out  to  sea,  and  it  is  pos- 
sible that  the  very  considerable  changes  produced  in  the  condition  of  the  east  end  of 
Galveston  Island  are  due  to  the  strong  currente  which  swept  across  this  portion  of  the 
island  under  the  influence  of  this  wind. 

On  the  19th  I  visited  the  breakwater  and  found  that  nearly  three-fourths  of  the 
work  constructed  by  the  city  of  Galveston  was  entirely  swept  away,  and  the  remain- 
der so  badly  damaged  as  to  require  very  extensive  repairs. 

Several  channels  are  cut  through  the  island,  and  a  large  portion  of  the  land  formerly 
above  high- water  is  now  completely  covered  with  water  at  low-tide. 

The  destruction  of  all  the  ranges  prevented  our  determining  more  concerning  the 
gabion-jetty  than  that  part  of  it  was  still  standing,  and  that  but  3  feet  of  water  ex- 
isted on  the  seaward  side,  where  6  feet  had  existed  before  the  storm.  An  examination 
by  the  diver  will  be  made  as  soon  as  the  weather  is  propitious. 

A  deep  channel  exists  across  the  inner  bar,  and  the  knoll  has  shifted  to  the  south  and 
closed  the  old  swash-channel. 

In  the  yard  where  the  gabions  were  constructed  there  is  but  little  land  remaining 
above  water.  The  gabions  lie  in  confused  masses,  those  recently  constructed  having 
scarcely  any  plaster  adhering  to  them,  while  those  thoroughly  seasoned  were  but  little 
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iDJured,  and  only  where  they  appear  to  have  collided  with  each  other  while  empty. 
They  are  nearly  all  canted  considerahly  toward  the  east,  and  sunk  more  or  less  in  the 
sand.  Those  on  which  the  plastering  remains  are,  in  geuorali  nearly  full  of  sand.  The 
Bm*all-8ized  gahions  appear  to  have  withstood  the  storm  hetter  than  the  larger  sized, 
though  they  had  heen  nnished  a  much  longer  time  and  were  thoroughly  hardened. 

All  these  gahions  were  exposed  to  the  direct  impact  of  the  waves  while  entirely 
empty ;  that  any  remain  or  retain  their  cement-coating  is,  under  the  circumstances, 
indeed  marvelous,  particularly  when  we  contemplate  the  wrecked  condition  of  the  pile 
breakwater  in  their  immediate  vicinity.  Many  floated  off  when  the  water  rose  suffi- 
ciently, and  about  30  were  lost  off  the  scows.  There  still  remain  in  the  yard  25  small 
gabions  and  35  large  gabions  in  one  place,  and  20  large  gabions  in  another,  all  in  about 
the  location  they  occupied  previous  to  the  storm. 

The  gabions  iised  as  cisterns  floated  as  soon  as  the  water  became  deep  enough,  and 
were  scuttled  by  the  men  to  prevent  their  injuring  the  buildings ;  they  remain  about 
as  left. 

The  number  of  gabions  on  hand  at  the  time  of  the  storm  is  presumed  to  have  been 
150  large  sized  and  80  small-sized.  All  our  records  were  lost  with  the  buildings,  and 
it  is  possible  that  our  estimate  is  too  great ;  in  any  event,  not  as  many  gabions  are 
missing  from  the  yard  as  might  be  expected. 

All  the  material  is  swept  away,  and  a  complete  loss:  excepting  the  cement,  there  was 
on  hand  about  sufficient  material  to  complete  300  gabions,  or  a  three  months'  supply. 
This  was  so  disposed  as  to  have  safely  withstood  ordinary  storms,  such  as  had  pre- 
viously come  under  my  observation. 

Our  vessels  were  considerably  scattered  by  the  gale  and  all  more  or  less  injured. 
One  of  the  scows  was  picked  up  50  miles  out  at  sea,  the  other  caught  in  the  end  of  the 
breakwater,  and  is  but  slightly  injured.  The  sand-dredge  broke  from  her  moorings, 
and  was  landed  high  and  dry  about  2  miles  from  Virginia  Point,  near  Highland  Sta- 
tion on  the  Galveston,  Houston  and  Henderson  Railroad.  The  divers'  flat  is  still  miss- 
ing; the  tug  Molyneux  had  her  bulwarks  on  one  side  carried  away,  and  her  house 
injured  by  colliding  with  other  vessels,  after  slipping  her  cables  to  escape  from  a  wreck 
which  haa  drifted  against  her.    All  the  small  boats  were  more  or  less  ii^nred. 

The  sand-dredge  Ties  in  such  a  position  as  to  render  the  abandonment  of  the  hull 
advisable.  The  machinery  can  be  readily  placed  in  a  car  on  the  railroad  and  brought 
to  Galveston,  where  it  can  be  stored  till  a  new  boat  can  be  built  to  receive  it. 

A  resurvey  of  the  inner  bar  and  the  east  end  of  Galveston  Island  has  nearly  been 
made,  and  the  results  will  be  forwarded  at  the  earliest  possible  moment.  No  recom- 
mendation for  the  continuance  of  operations  at  the  east  end  of  Galveston  Island  can 
be  offered  at  present,  owing  to  the  verv  extensive  alterations  which  have  occurred  in 
this  locality,  out  it  is  believed  that  the  work  of  constructing  the  jetty  on  the  north 
side  of  Bolivar  Channel  might  be  commenced  at  once  with  advantage,  the  new  depot 
to  be  established  on  Bolivar  Peninsula. 

From  the  manner  in  which  the  gabions  on  shore  and  those  placed  in  the  jetty  with- 
stood the  late  storm,  there  can  be  out  little  doubt  of  the  advisability  of  continuing  the 
construction  of  this  species  of  jetty,  particularly  in  those  localities  where  the  gabions 
will  be  exempt  from  the  scouring  eifects  of  currents,  which  flow  parallel  with  the  jetty 
which  they  form. 

The  losses  caased  by  the  storm  reported,  which  were  estimated  as 
amounting  to  about  $50,000,  put  a  sudden  stop  to  jetty  construction  for 
the  season  favorable  for  such  work.  The  first  step  afterward  was  to 
collect  and  secure  such  property  as  was  left.  The  next  was  to  surrey 
and  consider  the  changes  effected  by  the  storm  on  the  end  of  Galveston 
Island  and  in  the  channels  and  shoals  about  the  harbor  and  its  entrance, 
and  the  manner  in  which  the  experimental  jetty  structure  had  behaved. 

The  next  was  the  replacement  of  plant,  the  preparation  of  a  yard,  and 
construction  of  buildings  on  Bolivar  Peninsula ;  the  collection  of  mate- 
rial, the  modification  of  details  of  construction,  and  the  manufacture  of 
gabions,  &c.,  in  time  to  take  advantage  of  the  favorable  season  of  sum- 
mer to  continue  jetty  construction.  These  steps  were  taken  in  succes- 
sion, and  the  close  of  the  year  found  the  work  on  the  same  footing  as  at 
the  time  of  the  storm,  but  with  so  small  a  balance  of  appropriation  as  to 
necessitate  suspension  a  few  days  afterward.  Details  are  shown  by 
continuation  of  extracts. 
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F  Under  date  of  October  13, 1  reported  as  follows  to  the  Chief  of  En- 
gineers : 

#  *  «  »  '    #  *  #         * 

I  have  delayed  my  September  report  of  operations  for  the  improvement  of  the  en- 
trance to  Galveston  Harbor,  thinking  it  probable  that  the  survey  directed  immediately 
after  the  great  storm  would  have  by  this  time  been  advanced  far  enough  to  enable  me 
to  present  a  detailed  description  of  the  changes  effected  by  the  storm  in  the  channels 
and  shoals  of  the  harbor  and  entrance. 

The  preliminary  work  of  the  survey  having  been  greater  than  I  expected,  owing  to 
the  loss  of  instrnments  and  of  records  and  land-marks  of  previons  surveys,  it  will 
not  be  posfiible,  therefore,  to  present  a  chart  for  comparison  with  previons  charts  before 
the  close  of  this  month.  In  the  mean  time,  I  submit  the  inclosed  report  of  Lieutenant 
Quinn,  which  gives  information  on  which  I  think  we  shall  be  warranted  in  at  once 
resuming  the  work  of  improvement. 

The  cheapness  of  the  gabion-jetty  has  been  demonstrated  in  previous  reports.  The 
stability  of  the  structure  I  think  may  now  be  considered  as  beyond  question.  The 
applicability  of  Jetties  as  planned  for  this  harbor  entrance  I  believe  has  not  been 
doubted.  The  demand  for  improvement  is  now,  if  anything,  greater  than  it  has  been 
heretofore.    These  four  assumptions  justify  resumption  of  tiie  work. 

When  the  present  survey  is  completed  a  change  of  location  of  the  jetty  from  the 
head  of  Galveston  Island  (Fort  Point)  may  be  suggested,  but  in  the  location  of  the 
Bolivar  Point  jetty  there  can  be  no  change. 

I  stated  in  my  annual  report  the  importance  of  rnnning  this  jetty  ont  to  catch  the 
drift  from  the  east,  which  has  no  doubt  in  a  great;  measure  built  up  the  inuer  bar  and 
Pelican  Island  and  spit. 

I  am  now  convinced  that  this  jetty  should  be  built  out  in  advance  of  that  at  Fort 
Point  at  least  far  enough  to  cover  the  inner  bar,  and  therefore  approve  the  recommen- 
dation .of  Lieutenant  Qninn  that  work  be  commenced  on  it. 

Should  this  meet  the  approval  of  the  Chief  of  Engineers,  I  have  the  honor  to  request 
authority  to  procure  by  lease  the  use  of  suitable  grounds  on  Bolivar  Peninsula,  to 
build  on  them  quarters,  store-houses,  and  sheds  of  the  same  character  and  dimensions 
as  those  recently  destroyed  at  Fort  Point,  and  to  at  once  provide  the  work  with  boats, 
tools,  instruments,  &c.,  to  replace  such  as  have  been  lost,  and  to  place  the  work  on  the 
footing  it  held  beiore  the  storm.  It  is  thought  that  this  may  be  accomplished  by  the 
close  of  November  next. 

If  the  work  be  recommenced,  as  above  proposed,  I  have  the  honor  to  reqnest  that 
about  the  1st  of  December  a  board  of  engineers  be  convened  in  Galveston  to  make 
I>ersonal  examination  of  the  work,  and  to  report  on  what  has  been  done— conclusions 
drawn  from  work  done,  and  what  results  may  be  expected  from  continuation  of  the 
work. 

This  request  is  not  ipade  on  account  of  any  doubt  on  my  part  as  to  the  propriety  of 
continuing  the  work,  but  because  I  think  the  report  of  a  board  V)f  engineers  would  add 
strength  to  the  work  before  Congress. 

•  •  •  •  •  #  • 

The  officer  in  superintendence  reported  as  follows,  on  November  3,  for 
October : 

*  *  *  *  •  •  # 

The  resurvey  of  the  inner  bar  and  the  east  end  of  Galveston  Island  has  been  com- 
pleted, with  some  slight  exceptions,  and  the  plotting  has  progressed  with  as  much  ex- 
pediency as  possible,  the  absence  of  the  requisite  instruments  materially  interfering 
with  this  branch  of  the  work.  A  protractor  for  plotting  sextant  readings  was  impro- 
vised, which,  though  quite  accurate,  is  not  particularly  convenient ;  nevertheless,  en- 
couraging progress  is  being  made  with  it,  and  a  gratifying  solution  of  what  at  first 
appeared  to  be  a  perplexing  problem  is  practically  solved.  The  labor  of  recovering 
the  Government  property  dispersed  by  the  late  cyclone  has  been  dili gen tlyprosecute<^ 
though  no  very  considerable  success  has  attended  our  efforts  so  far.  Several  gabion 
tops  and  bottoms  have  been  recovered  and  stored  on  the  barges.  The  hull  of  the  sand- 
dredge  was  abandoned  after  removing  the  machinery.  The  machinery  was  brought  to 
Galveston  and  stored  on  the  barge  with  the  gabion -tops. 

The  temporary  boarding-house  for  the  employes,  erected  on  one  of  the  barges,  was 
so  far  completed  as  to  be  occupied  the  last  of  the  month. 

The  steam-launch  is  nearly  completed  and  would  probably  have  been  completed  had 
the  contractor  not  been  sick. 

The  gabion-jetty  has  been  thoronghly  examined  by  the  diver  and  found  to  be  in 
thorough  order.  No  serious  settling  has  occurred.  In  fact,  the  gabions  have  not  set- 
tled near  as  much  as  was  to  be  expected,  and  the  admirable  manner  in  which  the  work 
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withstood  the  very  severe  test  throagh  which  it  lately  passed,  is  indeed  a  most  agree- 
able surprise. 

«  *  «  *  *  •  «  « 

And  on  December  2  as  follows,  for  !N"oveniber : 

During  the  first  part  of  the  month  an  endeavor  to  constrnct  a  few  sample  gabions 
for  the  inspection  of  the  board  of  engineers,  was  made  at  Fort  Point,  but  a  high-tide 
carried  off  what  material  had  been  accumulated,  and  forced  a  discontinuance. 

In  pursuance  with  telegraphic  instructions  all  the  employes  except  those  necessary 
to  guard  the  property  and  continue  the  survey  in  progress,  were  discharged.  The 
steam-launch  was  completed  and  is  being  used  by  the  survey  party. 

The  new  sand-dredge  flat  was  nearly  completed  and  will  be  launched  by  the  5th  of 
December. 

A  nnmber  of  forms  used  in  the  construction  of  gabions  and  a  lot  of  molds  for  con- 
crete blocks  were  made.  A  few  bunches  of  canes  and  a  few  stakes  and  piles  were 
received  the  last  of  the  month,  (26th.) 

The  plotting  of  the  field-notes  of  the  survey  of  that  portion  of  the  inner  bar  affected 
by  the  recent  storm,  was  completed,  and  the  shore- lines  of  Galveston  Island  and  Bol- 
ivar Peninsula  included  within  the  limits  of  the  proposed  new  chart  were  run,  and  a 
portion  of  the  field-work  plotted. 

This  further  loss  reported  was  light,  consisting  only  of  a  small  amount 
of  material  collected  for  constraction  of  a  few  gabions,  in  view  of  an 
expected  visit  from  the  board  of  engineers,  requested  in  my  letter  of 
October  13.  * 

On  October  27  the  officer  in  superintendence  was  instructed  as  follows: 

In  connection  with  the  meeting  of  the  boafd  it  is  also  desirable  that  yon  have  pre- 
pared in  the  most  careful  and  complete  manner,  a  succinct  history  of  the  work  as  here- 
tofore conducted,  showing  its  progress  in  detail,  its  result,  its  cost  at  various  periods, 
and  everything  relating  to  its  management. 

The  following  report  made  in  compliance  with  the  above,  gives  facts, 
views,  &c.,  of  interest : 

The  arrival  of  the  tug  for  towing  out  the  barges  loaded  with  gabions,  coupled  with 
the  prevalence  of  favorable  weather  for  a  season,  enabled  us  to  arrive  at  valuable  data 
concerning  the  work  that  otherwise  was  inaccessible. 

The  experience  so  far  gained  in  placing  the  gabions,  indicates  that  the  immediate 
prozimitv  of  the  factory  for  gabions,  &c.,  to  the  locality  to  be  occupied  by  the  jetties, 
is  not  of  such  importance  as  at  first  supposed,  and  that,  in  fact,  two  or  more  works 
could,  if  not  too  far  apart,  be  supplied  simultaneously  with  gabions  from  a  single  yard 
with  marked  economy.  In  the  case  of  a  single  work  this  comparative  independence 
of  propinquity  between  the  factory  and  the  jetties,  largely  extends  the  ranges  for  the 
most  judicious  site  for  the  accumulation  of  materials  and  fabrication  of  gabions. 

Although  it  is  possible  to  proceed  with  the  construction  of  the  jetties  in  moderately 
rough  weather,  it  is  not  considered  advisable  for  economical  reasons  to  do  so,  but 
rather  to  confine  the  operations  during  the  inclement  season  to  the  fabrication  of  the 
gabions  and  accessories,  and  proceed  with  the  other  work  during  the  summer.  In  fact, 
It  is  decidedly  injudicious  to  attempt  the  removal  of  a  gabion  from  the  yard  until  it 
has  had  about  two  months  to  mature  in,  and,  as  they  improve  with  age,  it  is  desirable 
to  have  a  large  lot  on  band  in  the  yard,  upon  which  to  draw  when  the  active  opera- 
tions of  sinking  are  commenced. 

As  the  materials  of  which  the  gabions  are  made  occupy,  in  the  crude  state,  consid- 
erable space,  and  some  space  is  also  necessary  for  the  requisite  shops,  store-houses,  and 
mens'  quarters,  the  yard  should  be  situated  npon  a  plateau  of  adequate  dimensions, 
bordering  upon  water  of  suitable  depth  to  accommodate  the  different  vessels  engaged 
in  the  work,  and,  if  possible,  sufficiently  elevated  to  be  beyond  overflow  by  extraor- 
dinary high- water.  If  such  a  spot  can  be  procured  within  convenient  distance  of  the 
jetties,  and  easy  of  access,  nothing  better  can  be  desired. 

If  no  interruption,  through  failure  of  boiler  or  breakage  of  machinery  of  sand-dredge, 
occurs,  between  300  and  4(K)  gabions  may  be  placed  in  the  jetty  monthly  during  April, 
May,  June,  July,  and  Au^st  of  each  year,  and  with  a  second  sand-dredg6,  costing 
about  $10,000,  double  this  number  could  be  sunk  each  month,  or  say,  3,000  gabions 
during  the  quiet  season. 

With  our  present  facilities  l,r>00  gabions  are  as  many  as  we  can  expect  to  sink  in  one 
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season.  The  gabion-yard  sboald,  therefore,  have  sufficient  space  for  storage  of  1,000 
gabions,  besides  the  space  necessary  for  quarters,  material,  &c.,  or  an  area  of  not  less 
than  500  feet  square. 

The  position  on  Bolivar  Point,  indicated  on  the  chart,  possesses  the  necessary  qnali- 
ties  for  a  convenient  and  oommodioos  gabion  yard,  a  channel  having  formed  along 
the  front  of  this  locality,  connecting  with  the  deep  water  of  Bolivar  Channel,  and  hav- 
ing sufficient  depth  to  admit  the  tug  at  mean  low-tide. 

The  land  will  be  leased  for  a  sum  jnst  sufficient  to  defray  the  03et  of  drawing  up  the 
necessary  papers,  or  not  exceeding  $100  a  year.  To  reach  the  deep  water,  a  wharf  300 
feet  long  will  be  required.    The  establishment  will  cost  as  follows : 

Wharf  with  tramway ^1,000 

Quarters  for  men 1,500 

Store-honses  and  carpenter-shop 800 

Sand  and  gravel  bins 400 

Contingencies 300 

Total  cost 4,000 

The  only  change  in  the  method  of  placing  the  gabions,  &c.,  in  jetty,  which  we  have 
to  recommend  at  present,  is  to  have  the  mats  placed  in  advance  of  the  line  of  gabions, 
in  such  a  way  that  the  gabions  will  rest  upon  the  brush  extremities  of  the  mats,  the 
mats  to  be  slightly  increased  in  thickness,  and  the  concrete  weights  also  to  be  slightly 
increased  in  size. 

The  condition  of  the  gabions  left  in  the  yard  at  Fort  Point,  after  the  storm  of  Sep- 
tember last,  indicates  the  necessity  of  their  having  ample  time  to  become  thoroughly 
hardened  before  being  placed  in  the  jetty.  , 

The  dimensions  of  the  holes  left  in  the  covers  of  the  gabions  do  not  appear  to  be 
of  such  importance  as  at  first  supposed,  and  as  the  principal  objection  to  coating  the 
inside  of  the  gabions  with  cement  was  mainly  due  to  the  necessity  of  having  access 
to  the  interior,  this  change  may  be  made  with  possible  benefit,  since  one  of  the  aper- 
tures in  the  cover  may  be  of  sufficient  size  to  admit  a  man,  without  seriously  weaken- 
ing the  covers,  or  permitting  the  sand  filling  to  escape  in  any  material  quantity.  The 
interior  coating  of  cement  will  increase  the  stren^h  of  the  gabions,  and  in  case  the  outer 
coating  is  injured,  through  accident,  while  sinking,  will  prevent  the  sand  filling  from 
escaping ;  it  will  add  (6.75  to  the  cost  of  each  gabion,  and  is  certainly  worth  this  as  a 
precautionary  measure  alone,  although  possibly  not  absolutely  essential.  Two  diag- 
onal iron  bolts  are  believed  to  be  necessary  to  properly  strengthen  the  tops ;  these  will 
cost  $1.92  per  gabion. 

The  tops  have  heretofore  been  protected  from  the  ship- worms  by  a  coatine  of  cement, 
but  it  is  liable  to  become  detached  thi^ugh  handling  of  the  gabions  or  shrinkage  of  the 
lumber,  and  is  not  entirely  efficacious.    Crude  carbolic  acid  and  asphalt  are  now  ob- 
tainable, and  the  tops  may  be  economically  treated  in  such  a  manner  as  to  effectually 
preserve  them :  this  treatment  will  add  but  25  cents  to  the  present  cost  of  a  gabion. 

Cost  of  one  gabion,  June  last $62  53 

Add  for  cement  coating  inside • 6  75 

Add  for  2  diagonal  bolts 1  92 

Add  for  asphalting  cover 25 

Add  for  increase  in  size  of  mats  and  weights 2  00 

Total 73  45 

Total  cost  per  running  foot  of  jetty 6  12 

Referrin^^  to  the  chart  of  the  recent  survey  of  Galveston  Harbor,  several  remarkable 
changes  will  be  at  once  observed. 

The  eastern  point  of  the  island  has  altered  considerably,  channels  being  cut  where, 
previous  to  the  storm,  houses  were  standing. 

Deep  water  exists  along  the  face  of  the  gabion  jetty,  and  the  '*  swash-channel  "  is 
efi'ectually  closed. 

But  little  of  Pelican  Spit  remains  above  water. 

The  *'  Knoll  ^  is  changed  in  a  remarkable  manner,  and  shifted  far  to  the  eastward. 

The  gabion  jetty  was  completed,  as  indicatcMl  on  the  chart,  on  the  13th  of  September, 
and  stood,  withont  further  injury  than  a  settling  of  from  3  to  6  feet,  the  fiercest  storm 
which  has  visited  Galveston  for  a  number  of  vears. 

The  jetty  was  composed  of  two  lines  of  gabions  connected  by  cross-lines,  as  repre- 
sented ;  the  line  next  the  channel  settled  considerably ;  the  back  row  not  near  so 
much.    The  gabions  were  all  in  position  and  uninjured  when  examined  by  the  divers. 

The  strongest  wind,  and  the  wind  which  caused  the  remarkable  scouring  out  of  the 
channel,  came  from  the  northwest,  or  nearly  perpendicular  to  the  line  of  gabion  jetty. 
(See  accompanying  chart,  showing  the  force  and  direction  of  winds  and  amount  of 
rain -fall  at  Galveston,  September  14  to  18.) 
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The  pile  breakwater,  oonstmcted  by  the  city  of  Galveston,  and  subsequently 
strengthened  by  the  United  States,  was  so  badly  injured  by  this  storm  as  to  require 
almost  entire  renewal. 

Pelican  Spit  was  probably  washed  away  by  the  storm  which  came  from  the  NE. 
andE. 

Passing  to  the  outer  bar  it  will  be  observed  that  a  new  channel  cut  across  the  bar  on 
the  prolongation  of  the  Bolivar  Channel,  while  the  approach  to  the  old  ship-channel  has 
narrowed,  is  very  tortuous,  and  in  fact  appears  to  have  been  formed  since  the  cyclone. ' 

By  referring  to  the  wind-chart  it  will  be  observed  that  the  storm  originated  in  the 
NE.  and  gradually  veered,  by  E.SE.,  <&c.,  to  NW. 

The  tide  rose  rapidly  while  the  wind  was  veering  from  NE.  to  S.,  and  a  strong  cur- 
rent swept  along  the  coast  towards  the  SW.  This  current  was  arrested  and  caused 
to  flow  in  the  opposite  direction  by  the  veering  of  the  wind  to  SW.,  and  was  running 
rapidly  to  the  NE.  when  the  winds  from  the  NW.  caused  the  expulsion  of  the  wator 
from  Galveston  Bay.  The  current  flowing  out  of  Galveston  Bay  encountered  this  cur- 
rent flowing  along  the  coast  to  the  NE.,  and  as  an  inevitable  result  a  channel  was 
formed,  as  indicated  on  the  chart. 

The  storm  which  occurred  on  the  25th  of  September  was  attended  by  precisely  the 
reverse  of  the  conditions  attending  the  cyclone,  and  materially  altered  the  condition 
of  the  phenomena  resulting  from  it,  while  each  succeeding  storm  has  but  aided  in 
restoring  the  inner  bar  to  its  normal  condition. 

It  is  of  vital  importance  to  the  commerce  which  seeks  the  harbor  of  Galveston  that 
at  least  sufficient  depth  of  water  be  maintained  on  the  outer  bar  to  permit  vessels  Id 
feet  draught  to  enter  the  deep  water  of  Bolivar  Channel.  As  it  is  at  present,  vessels 
drawing  over  12  feet  are  obliged  to  anchor  considerable  dist-ances  from  the  outer  bar, 
and  the  lighterage  of  cargo  in  and  out  is  an  expensive  and  hazardous  operation ;  but 
once  the  vessels  are  in  ]£>]ivar  Channel,  if  there  is  not  sufficient  depth  of  water  to 
permit  the  vessels  to  proceed  to  the  wharves  of  Galveston,  lighterage  would  be  not  only 
vastly  less  expensive,  but  possible  under  nearly  all  conditions  of  weather.  If  this 
much  to  be  desired  result  is  possible  of  attainment  by  the  construction  of  a  jetty,  as 
suggested,  the  saving  to  commerce  in  lighterage,  demurrage,  and  damages  in  one  year 
would  fully  cover  the  expenditures. 

A  table  giving  the  level  of  high- water  marks  of  the  storms  of  1867  and  1875,  referred 
to  mean  low- water,  is  appended.  As  the  mean  fluctuation  of  the  tide  is  1.1  feet,  an 
elevation  of  the  water  8  feet  above  ordinary  high- water  is  suggestive. 

As  the  cyclone  destroyed  all  our  charts,  notes,  and  instruments,  the  resurvey  has  been 
prosecuted  under  great  difficulties.  We  were  obliged  to  commence  anew  the  collection 
of  data  with  such  instruments  as  could  be  borrowed  or  improvised.  New  instruments 
to  replace  those  lost  are  now  being  received,  and  many  of  the  difficulties  are  in  conse- 
quence disappearing ;  yet,  since  most  of  the  data  embiaced  in  the  chart  were  collected 
without  their  aid,  I  take  pleasure  in  referring  to  my  assistants  in  earnest  commenda- 
tion of  the  very  able  manner  in  which  the  work  has  been  prosecuted  by  them. 

On  the  20tli  of  December  a  board  of  eogineers  was  convened  in  ISTew 
work  (yity  to  consider  matters  connected  with  this  work  of  improve- 
ment.* * 

The  oflflcer  in  saperintendence  reported  operations  for  December  as 
follows : 

*  «  #  *  #  «        *       « 

The  new  scow  for  the  reception  of  the  machinery  of  the  sand-dredge  was  completed 
and  launched,  and  the  machinery  placed  on  board.  The  almost  incessant  rain  during 
the  latter  portion  of  the  month  materially  interfered  with  the  adjusting  of  the  machin- 
ery and  constructing  the  necessary  house  to  cover  it  in,  but  by  working  during  every 
available  moment  the  dredge  was  put  in  such  order  as  to  be  capable  of  pumping  sand 
when  desired.  One  of  the  sections  of  6-inch  flexible  hose  was  lost  during  the  storm ; 
and  as  it  was  absolutely  necessary  to  replace  it,  it  was  ordered  from  New  York,  as  was 
also  a  4|  feet  length  of  galvanized  iron  pipe  and  two  10  feet  length  of  4-inch  flexible 
hose.    (Permission  for  tne  purchase  of  this  is  desired.) 

The  wretched  condition  of  the  weather  has  materially  interfered  with  the  prosecu- 
tion of  the  survey ;  fortunately,  however,  the  possession  of  the  steam-launch  Fascine 
enabled  the  party  to  complete  the  soundings  on  the  outer  bar  in  time  to  permit  their 
plotting  upon  the  chart  presented  for  the  consideration  of  the  Board  of  Engineers  con- 
vened in  New  York.  The  whole  of  the  soundings  were  taken  on  the  outer  bar  during 
part  of  two  days,  the  only  opportunity  presented  for  a  long  time.  The  lines  run  aggre- 
gate 70  miles,  and  the  time  occupied  was  14  hours  and  12  minutes ;  this  is  at  the  rate 
of  about  1  square  mile  of  soundings  per  hour,  or  about  seven  times  as  much  per  hour  as 
was  ever  accomplished  at  this  place  with  sail  or  row  boats. 

*  For  report  of  board,  see  Appendix  J  3. 
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The  snrvey  of  Pelicau  Island  and  the  Rhore-lines  of  the  bay,  embraced  in  the  limits 
-of  the  proposed  sarvey,  were  run  and  plotted,  and  seven  lines  of  the  main  triangala- 
tion  worked  up. 

The  sample  gabions  for  the  inspection  of  the  Board  of  Engineers  were  completed, 
with  the  exception  of  the  concrete  ballast,  the  requisite  gravel  for  which  it  was  impos- 
sible to  obtain  on  acconnt  of  the  bad  weather.  The  rough  weather  has  prevented  any 
further  examination  of  the  gabion  jetty  at  Fort  Point,  but  its  position  is  distinctly 
marked  by  the  breakers  that  form  along  its  crest. 

The  gabions  which  remained  in  the  yard  after  the  storm  have  passed  through  all  the 
succeeding  storms  without  any  change  in  condition  and  position. 

««*««*«■ 

And  for  January,  as  follows : 

«  •  °    «  «■  *  *  « 

The  derrick  and  engine  and  pump-connections  of  the  sand-dredge  were  completed, 
and  the  concrete  ballast  placed  in  the  10  gabions  constructed  for  the  inspection  of  the 
board  of  engineers.  Eighteen  mats  were  completed.  A  plat  for  the  divers  was  nearly 
finished.  The  steam-launch  was  hauled  out,  and  the  wheel  changed  for  one  of  ranker 
pitch ;  the  hull  was  repainted,  and  a  light  deck  placed  over  the  machinery  to  protect 
it  from  the  rain ;  an  awning  was  provided  for  the  rest  of  the  cabin  space. 

The  survey  has  progressed  as  rapidly  as  the  weather  would  permit.  The  shore-line 
in  the  vicinity  of  Virginia  Point  was  surveyed  and  plotted,  ana  the  primary  triangular 
tion  of  the  general  survey  completed. 

The  cross-sectioning  of  the  gabion  Jetty  was  nearly  completed,  and  will  be  finished 

early  in  the  present  month. 

•  •  •   '  «  «  •  « 

On  the  2J  st  of  January  the  following  letter  of  instructions  was  trans- 
mitted to  the  ofQcer  in  superintendence: 

Ukited  States  Engineer  Office, 

New  OrleanSf  January  21, 1876. 

Sir:  The  Chief  of  Engineers. having  directed  that  the  work  for  improving  the  en- 
trance to  Galveston  be  resumed  and  conducted  in  strict  accordance  with  the  recom- 
mendations of  the  board  of  engineers  recently  convened  in  New  York  City  to  consider 
«nd  report  upon  the  subject,  authority  ia  given  you  to  recommence  the  work,  observing 
the  following  instructions : 

1st.  Select  grounds  for  buildings  and  yard  on  the  bay  side  of  Bolivar  Peninsula,  and 
secure  a  suitable  lease  for  it,  which  will  be  subject  to  the  approval  of  the  Chief  of 
Engineers. 

The  lease  should  be  from  month  to  month,  the  United  States  having  the  privilege  of 
extending  it  month  after  month  on  the  terms  agreed  upon  for  the  first  month  so  long 
as  desirable  for  the  use  of  the  work. 

Also  to  have  the  privilege  of  removing  all  buildings  alter  annulment  of  lease. 

2d.  Having  secured  lease,  erect  the  necessary  buildings  for  a  force  of  80  men ;  these 
buildings  to  consist  of  the  following  :  , 

1.  Officers'  quarters,  to  contain  rooms  for  two  assistant  engineers,  one  overseer,  and 
one  clerk,  one  office,  one  draughting-room,  one  dining-room,  one  kitchen,  with  oook's 
sleeping-room  off  it ;  the  officers'  rooms  in  second  story. 

2.  Men's  quarters,  with  rooms  for  foremen,  dining-room,  kitchen,  cook's  room,  and 
store-room  ror  provisions. 

3.  Carpenters  shop. 

4.  Store-house. 

5.  Blacksmith-shop. 

6.  Such  sheds  as  may  be  necessary  for  morter-beds,  sand  and  gravel  storage.  These 
buildings  to  be  located  at  such  distances  apart  as  to  insure  against  fire ;  to  be  built 
in  the  cheapest  style  consistent  with  comfort  and  stability,  and  by  hired  labor,  the 
material  being  purchased  in  the  open  market. 

3d.  Construct  such  wharves,  ways,  cisterns,  and  water-closets  as  may  be  required  for 
the  work  and  for  comfort  of  employes.  ELave  the  ground  you  lease  accurately  surveyed, 
its  boundary  well  marked  and  tnotted ;  then  on  the  plot  locate  these  several  buildings  in 
plan,  and  send  the  plot  to  this  office,  together  with  detailed  plans  and  estimates  of  the 
buildings. 

4th.  Purchase  such  kitchen  and  table  furniture,  and  such  tools,  as  may  be  required. 

5th.  Contract  for  material  enough  to  make  about  500  gabions,  with  their  fascines, . 
mats,  and  blocks. 

6th.  Employ  all  carpenters,  plasterers,  and  laborers  by  the  hour.  Civil  assistant  en- 
gineers, overseers,  foremen,  blacksmith,  cooks,  waiters,  and  persons  employed  on 
vessels,  by  the  month.  Wii^es  should  be  reduced  to  the  same  as  those  given  now  by 
private  parties  who  board  their  employes.    Civil  assistants,  overseer,  clerk,  and  offi- 
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cere  of  vessels,  while  retaining  their  present  pay,  will,  after  completion  of  boildings,  be 
req aired  to  board  on  the  work. 

7th.  Provisions  will  be  procured  nnder  existing  agreement. 

8th.  lustractions  will  be  given  at  a  lnt«r  date  for  prosecution  of  work  on  jetty. 

9tb.  The  following  reports  will  be  made  to  this  omce : 

1.  By  telegraph  after  3  p.  m.,  every  Saturday,  stating  balance  of  funds  on  hand. 

2.  A  short  report  to  be  transmitted  every  Monday,  giving  general  account  of  pro- 
gress daring  the  past  week. 

3.  A  report  at  the  close  of  each  month,  in  the  form  inclosed,  marked  *'  A." 

4.  All  vouchers  paid  during  each  week  will  be  transmitted  at  the  close  of  the  week 
daring  which  paid. 

5.  With  each  monthly  report  will  be  sent  a  chart  of  survey  covering  the  inner  bar, 
made  as  late  in  the  month  as  practicable. 

6.  After  buildings  and  yard  are  ready  for  occupancy,  photographic  views  from  not  to 
exceed  6  points  wul  be  taken,  and  4  sets  printed,  3  sets  to  be  sent  to  this  office. 

7.  While  buildings  are  in  progress,  you  will  carefully  consider  the  recommendations' 
of  the  recent  board  of  engineers,  and  report  a  project  for  carrying  them  out. 

It  is  desirable  to  have  a  large  number  of  gabions  ready  for  putting  in  position  about 
the  middle  of  May,  at  the  latest,  in  order  that  farther  results  on  the  inner  bar  may  be 
had  before  the  30th  of  June. 

Copies  of  report  of  board,  and  instructions  from  Chief  of  Engineers,  are  inclosed  for 
your  information. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Captain  of  Engineers,  U.  8,  A, 
Lieut.  James  B.  Quinn, 

Corp«  of  Engineers,  U.  8,  A, 

The  report  for  February  was  as  follows : 

The  constrnction  of  the  wharf  and  men's  quarters  was  commenced  immediately  upon 
the  arrival  of  the  lamber.  The  piles  for  the  wharf  were  nearly  all  put  down,  and  th& 
men's  quarters  were  shingled  and  nearly  completed.  Arrangements  for  the  early  de- 
livery of  the  materials  for  the  construction  of^  the  gabions  were  made.  An  examina- 
tion of  the  gabion-Jetty  was  made  during  the  month,  and. the  results  were  carefully 
plotted,  and  will  be  forwarded  as  soon  as  a  copy  can  be  made.  The  examination  was 
as  thorough  as  was  possible  under  the  circumstances.  The  weather  was  very  unfavor- 
able, being  quite  foggy,  and  at  no  time  particularly  quiet.  Piles  were  sunk  along  the 
presnmed  line  of  the  jetty,  aqd  a  line  stretched  at  right  angles  to  the  line  of  piles  or  aa 
near  to  a  right  angle  as  circumstances  would  admit.  This  Tine  was  held  taut  by  means, 
of  anchors  and  the  steam-launch,  and  the  soundings  were  located  from  shore-stations. 

The  examinations  of  the  gabions  met  in  the  course  of  the  examination  were  made 
with  the  pole,  any  other  examination  than  with  a  diver  being  impossible.  The  gabions 
are  nearly  all  covered  with  sand,  the  back  or  seaward  lines  being  almost  entirely  so. 
The  apparent  breaks  in  the  lines  of  gabions  encountered  during  the  examination  results 
from  the  swaying  of  the  line  from  one  side  to  the  other.    The  pole  not  meeting  with  a 

fabion  when  put  down,  no  search  was  made,  but  the  depth  of  water  was  alone  recorded, 
ime  did  not  admit  of  a  thorough  search  or  location  of  all  the  gabions,  and  it  was,, 
therefore,  deemed  sufficient  to  examine  those  onlv  which  were  met  while  sounding  the 
line,  the  diver  having  previously  reported  that  the  line  of  gabions  was  intact,  bince 
the  lines  of  soundings  did  not  coincide  with  the  line  of  the  gabions,  the  plotting  of 
those  gabions  encountered  is  calculated  to  leave  the  impression  that  the  line  is  defect- 
ive, and  that  many  gabions  are  missing.  In  order  that  no  doubts  may  exist  in  regard 
to  this,  I  will  myself,  during  the  present  month,  descend  in  the  diving-armor  and  ex- 
amine the  locality  in  person,  and  endeavor  to  obtain  a  correct  location  of  the  lines  of 
gabions  not  covered  by  sand.  Aside  from  the  condition  of  the  gabions  themselves, 
the  influence  which  they  exert  in  maintaining  and  directing  the  channel  across  the 
inner  bar  is  not  only  "  apparent,"  but  it  is  emphatic  and  ded&d. 

No  important  storms  have  occurred  since  the  25th  of  September  last,  yet  the  depth 
of  water  has  steadily  increased  upon  the  inner  bar,  until  a  depth  sufficient  to  admit 
vessels  drawing  13  feet  of  water  now  exists.  The  water  is  slightly  deeper  on  the  inner 
bar  than  on  the  outer  bar.  The  examinations  of  the  shore-lines,  embraced  in  the  prin> 
cipal  survey  of  Galveston  Harbor,  are  about  completed,  and  the  services  of  the  addi- 
tional  assistant  engineers  were  dispensed  with  at  the  termination  of  the  month. 

A  re-examination  of  the  inner  bar  was  made  the  latter  part  of  the  month,  (February,) 
and  the  SDundings,  so  far  plotted,  indicate  not  less  than  14  feet  depth  of  wat«r  in  the 
channel  across  it.    The  tracing  of  this  survey  will  be  forwarded  ^q  the  7th  or  8th. 
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The  report  for  March  was  as  follows : 

Daring  the  month  the  wharf  at  Bolivar  Point  was  nearly  completed,  and  the  tram- 
way, leading  from  it  to  the  several  portions  of  the  yard,  was  nearly  finished.  The  hoase 
placed  OB  No.  2  Barge  was  moved  ashore,  placed  on  a  fonndation,  and  fitted  up  for  a 
cement  shed.  A  carpenter-shop  was  built,  and  the  quarters  for  the  men  finished  and 
occupied.  Some  material  for  gabions  was  received  and  stored,  and  implements  for 
constructing  gabions  were  obtained.  The  survey  of  the  harbor  was  continued,  and  a 
re-examination  of  the  inner  bar,  made  during  the  month,  disclosed  the  fact  that  the 
process  of  scouring  out  had  still  continued. 

««««««« 

On  April  6th,  the  following  letter  of  instructions,  to  the  officer  in 
superintendence,  was  transmitted: 

Unfted  States  Engineer  Office, 

New  OrleanSj  La,,  April  6, 1876. 

Sir  :  As  your  preparations  for  resuming  the  work  for  the  improvement  of  Galveston 
Harbor  approach  completion,  changes  iu  details  of  construction  of  gabions  and  mats, 
to  meet  the  views  of  the  board  of  engineers  recently  convened  to  consider  the  pro- 
priety, &.C.,  of  continuing  the  work ;  also,  improved  methods  of  moving  the  gabions,  &c., 
to  position,  and  of  placing  them  in  position,  have  to  be  considered.  Your  views  as  to 
these  matters  have  oeen  called  for,  but  as  yet  have  not  been  received  at  this  office.  In 
default  at  this  late  day  of  such  views  and  plans  as  it  was  expected  you  would  present, 
the  following  are  sent  for  your  guidance. 

In  regard  to  details  of  construction,  the  board  made  the  following  points : 

1.  The  gabions  should  be  better  stifiened  from  the  inside. 

2.  The  cement  coating  should  be  thicker. 

3.  A  cement  coating  should  be  added  on  the  inside,  as  you  recommended. 

4.  No  projecting  ends  of  stakes  or  edges  of  covers  should  be  permitted. 

5.  The  tops  and  bottoms  should  be  carbolized. 

6.  The  cross-pieces  of  the  covers  should  be  beveled,  so  as  to  better  hold  the  cement 
covering  to  be  spread  over  the  top. 

In  making  the  construction  to  meet  the  views  of  the  board  as  fully  as  possible,  the 
following  is  directed : 

1.  To  stiffen :  For  each  gabion  there  will  be  put  two  frames  of  1|  inch  lumber,  6 
inches  wide,  along  the  sides  of  the  12-foot  gabions,  and  of  suitable  width  at  the  ends 
to  give  plenty  of  room  for  three  tree-nails  in  each.  Each  frame  will  be  of  8  pieces, 
namely,  2  sides,  2  end,  and  4  to  connect.  The  lumber  to  be  undressed  and  of  cheap 
quality. 

The  tree-nails  connecting  the  pieces  of  the  frame  are  to  be  wedged  at  both  ends. 
One  of  the^e  frames  is  to  be  placed  2  feet  above  the  bottom,  the  other  4  feet  above  the 
bottom. 

At  the  middle  point  of  each,  and  at  3  feet  on  each  side,  cross-pieces  of  1-inch  staff  6 
inches  wide  will  be  nailed  on. 

These  frames  will  be  notched  for  each  stake  and  care  taken  that  each  stake  fits  it-s 
notch  without  having  to  be  bent.  • 

Each  stake  will  be  nailed  to  each  frame  as  well  as  to  the  top  ana  bottom. 

2.  The  cement-coating  will  be  made  at  least  4  inches  thick  from  inside  to  outside  of 
gabion.    Any  greater  thickness,  up  to  6  inches,  it  is  left  at  your  discretion  to  direct. 

4,  5,  6,  and  7  need  no  explanation. 

Hoagh  drawings  are  sent  you  herewith  to  illustrate  the  foregoing. 

MATS. 

The  Board  insisted  upon  mats  extending  underneath  the  gabions,  and  for  a  distance 
each  side  proportioned  to  depth  of  water  in  which  placed. - 

A  depth  of  12  feet  is  that  for  which  the  dimensions  given  on  the  inclosed  sketch  are 
directed. 

The  mats  are  to  be  made  the  same  as  the  hurdles  used  in  field-fortification,  but  with 
this  addition,  viz,  the  trimmings  of  the  cane  used  for  gabions  are  to  be  woven  in  so  as  to 
make  a  rough  mat  that  will  catch  sand  enough  to  cover  up  the  stakes  and  watling  and 
so  protect  them  from  worms. 

Each  gabion  will  have  its  own  mat  and  be  fastened  to  the  latter  by  galvanized-lron 
wire,  as  shown  in  the  sketch.  • 

Fascines  will  also  be  attached  to  each  gabion  (four  to  each)  as  shown. 

As  a  guide  for  putting  the  gabions  in  Tine,  poles  11  or  2  inches  in  diameter  will  be 
fastened  to  each  end,  as  shown  in  the  drawing  ;  these  to  be  long  enough  to  project  above 
water  when  the  gabion  is  placed,  and  to  be  cut  off  by  the  diver  af^r  they  have  suffi- 
ciently served  their  purpose  as  range-poles. 
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The  fascines  are  to  be  fastened  so  that  the  diver  may  wedge  them  in  between  the 
gabions  after  the  latter  are  in  position. 

The  weights  will  be  placed  on  the  mats  as  heretofore. 

It  is  desirable  to  know  if  the  mats  with  gabions  on  them,  properly  ballasted,  may  not 
be  towed  into  position  on  rafts,  and  thus  do  away  with  the  use  of  the  gabion-scows. 

Yon  will  make  this  experiment  as  soon  as  possible,  and  fiiUy  report  immediately 
afterward  the  particnlars. 

It  is  also  desirable  to  know  if  wroaght-lron  tabes,  30  feet  long  and  4i  or  5  inches  ia 
diameter,  may  not  be  snbstitnted  for  the  gaide-piles  heretofore  used.  These  may  be 
rapidly  put  in  place  and  easily  taken  up  after  they  have  served  their  purpose.  I  think 
they  may  be  used  for  anchorage  of  dredge,  &c.  Four  of  these  tubes  have  been  ordered  * 
from  New  York ;  on  their  receipt  you  will  make  experiment  with  them  and  report 
fully. 

Each  gabion-top  when  made  will  have  the  holes  left  for  introduction  of  sand-filling 
fitted  with  a  suitable  stopper  to  be  put  in  by  the  diver  after  the  gabion  is  in  position 
and  filled. 

Before  putting  this  stopper  in,  any  space  in  the  gabion  not  filled  by  the  sand -dredge 
will  be  filled.    After  putting  in  the  stopper  it  will  be  covered  with  cement. 

The  means  for  carrying  out  these  instructions  will  readily  suggest  themselves. 

The  filling  may  be  done  with  a  hand-dredge. 

The  cement  can  be  put  down  in  a  closed  bucket  having  a  trap  for  dumpings 

The  work  of  ballasting  mats,  the  fascinage  between  gabions,  the  completion  of  filling, 

Sutting  in  stoppers,  and  covering  the  latter  with  cement,  will  of  course  belong  to  the 
iver's  party. 

There  are  other  matters  regarding  facilities  for  handling  gabions  in  the  construc- 
tion-yard, and  when  being  put  in  place,  which  I  leave  to  be  decided  upon  after  per- 
sonal consultation  with  you. 

The  decision  of  the  Board  in  regard  to  order  of  construction  of  the  jetties,  and  in 
regard  to  location,  is  sufficiently  plain. 

The  Fort  Point  jetty  is  to  be  completed  to  the  full  length  and  height  necessary  to 
secure  an  IB-foot  channel  across  the  inner  bar,  but  in  the  mean  time  you  will  take  ad- 
vantage of  good  weather  to  put  down  the  experimental  section  of  the  Bolivar  jetty. 
This  experimental  section  the  Board  strongly  insist  upon,  and  it  is  important  that  it 
should  be  put  down  as  soon  as  practicable. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Captain  of  Engineer  a  j  U,  S,  A. 
Lieut.  James  B.  Quinn, 

Corps  of  Engineers^  U,  S.  A. 

The  following  was  the  result  of  operations  duriufj  April : 

»  #  *       ,        «  #  #  # 

Amount  of  work  done  during  the  month:  Carpenters  made  140  gabion-bottoms,  45 
gabion-tops,  5*26  yokes,  115  frames,  25  gabion-trucks,  14  coucrete-molds  ;  built  black- 
smith's shop,  16  by  24  feet. 

Blacksmith :  185  gabion-bolts  made.  Balance  of  month  occupied  in  general  work, 
as  shown  in  tabular  statement. 

Laborers  made  214  fascines ;  wove  67  gabions  ;  molded  159  concrete  blocks ;  car- 
bolized  110  gabion-bottoms ;  carbolized  27  gabion-tops;  concreted  46  gabions;  staked 
87  gabions ;  trimmed  2,624  bundles  cane ;  received  101,940  feet  lumber,  4,075  stakes, 
2,980  bunches  cane,  (50  each  bunch,)  10,529  cubic  feet  beach-sand,  1,678  cubic  feet  San 
Jacinto  sand,  2,537  cubic  feet  gravel,  69  piles ;  constructed  sand-bins,  coal-bin,  and 
sunk  two  wells  for  mortar- beds  and  quarters ;  and  miscellaneous  work,  as  shown  in 
tabular  statement. 

*  «  «  «  •  «  « 

During  May,  Lieat.  C.  B.  L.  B.  Davis,  Corps  of  Engineers,  TJ.  S.  A., 
was  placed  in  superintendence  of  the  work,  relieving  Lieut.  James  B. 
Quinn,  Corps  of  Engineers. 

The  result  of  operations  for  May  has  been  reported  as  follows : 

Amount  of  work  done  during  the  month :  Carpenters  made  124  gabion-bottoms,  233 
gabion-tops,  317  gabion  frames,  12  molds  for  molding  concrete  weights,  1  water-tank, 
(900  gallons  capacity ;)  repaired  launch  ;  various  repairs  on  tug ;  work  of  attaching 
machinery  for  propelling  sand-dredge,  (not  yet  completed  ;)  and  miscellaneous  work. 

Blacksmith  made  292  gabion-bolts ;  worked  most  of  the  time  on  repairs  and  iron- 
work for  sand-dredge. 
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Laborers  made  168  fascines;  wove  the  canes  in  128  gabions ;  cemented  inside  139 
gabions ;  cemented  outside  (first  coat)  122  gabions ;  concreted  (ballast)  144  gabions ; 
cemented  (second  coat)  ontside,  (completed,)  115  gabions;   146  gabion-bottoms  were 

staked,  (40  stakes  in  each  bottom ;)  596  concrete  blocks  were  made. 

»  «  *  «  «  «  « 

At  the  close  of  the  year  the  followiug  report,  coveriug  the  operations 
daring  Jane,  was  rendered  by  Lieutenant  Davis : 

Unffed  States  Engineer  Office, 

Galveston^  Tex,,  June  30, 1876. 

Captain  :  In  obedience  to  yoar  letter  of  instrnctions  of  June  19,  1876,  I  have  the 
honor  to  snbmit  the  following  report  on  the  condition  of  the  works  of  improvement  of 
Oalveston  Harbor,  Texas. 

On  my  arrival  in  Galveston,  May  16,  1676,  I  fonnd  that,  owing  to  anticipated 
chanfi;es  in  the  conduct  of  the  work,  everything  had  been  kept  in  abeyance.  Only  the 
day  before  had  orders  been  given  to  commence  putting  the  sand-dredge  in  condition 
for  active  work. 

Si  nee.  my  arrival  the  time  has  been  devoted  to  poshing  the  work  forward  as  rapidly 
as  possible,  on  the  ^*  plant,*'  as  much  valaabie  time  for  patting  down  gabions  was 
being  lost ;  at  the  same  time  the  work  at  the  oonstmction-gronnds  was  actively  kept  np, 
in  order  to  get  as  large  a  supply  of  material  and  finished  gabions  on  hand  as  possible. 
On  the  3d  of  April,  everything  being  in  readiness  to  commence  work,  a  force  of  men 
was  employed  for  the  constmction  of  gabions;  ver^  soon  after  orders  were  received 
from  the  New  Orleans  office  changing  the  constmction  of  gabions  somewhait,  and  re- 
qniring  the  nse  of  some  material  or  di£Eerent  dimensions  from,  that  on  hand.  Thia 
caused  some  delay,  during  which  the  men  were  employed  in*  misoellaneoos  work, 
and  the  construction  of  gabions  did  not  reallv  actively  commence  ontil  the  Ist  of 
May.  On  the  15th  of  May  orders  were  given  to  have  the  machinery  for  propelling  the 
sand-dredge  made  and  put  in,  and  to  complete  the  attachment  of  a  condenser  to  the 
boiler.  A  sufficient  force  was  put  on  this  work  to  keep  np  with  the  receipt  of  the 
machinery  from  the  fonndery  as  fast  as  it  was  completed,  which  work  took  until  nearly 
the  end  of  June.  On  June  7,  lumber  was  ordered,  and  on  the  9th  work  was  com- 
menced on  the  construction  of  temporary  ways  for  hauling  out  the  sand-dredge  and 
barges  Nos.  1  and  2  for  repairs. 

The  bottom  of  the  sana-dredge  was  cleaned  of  barnacles,  and  wherever  worms  had 
penetrated,  new  sheathing  and  tarred  paper  put  on. 

Both  of  the  barges  were  entirely  stripped  of  the  old  sheathing  and  tarred  paper, 
and  re-covered  with  new.  This  work  extended  through  the  mouth  of  June,  and  will 
require  a  few  days  in  July  to  complete. 

NecessarjT  repairs  to  the  tu^-boat  Molyneux  (putting  in  new  tubes  and  water-legs) 
will  take  till  the  first  week  in  July  for  completion,  alter  which  time  we  shall  be  pre- 
pared for  the  work  of  sinking  gabions  in  position. 

The  material  on  hand  Jnne  30  is  as  follows:  216  gabions  completed,  54  gabions  woven, 
174  gabion-bottoms,  97  gabion-tops,  108  gabion-frames,  693  concrete  blocKs,  382  fascines, 
8  mats,  and  a  large  amount  of  material  for  constructing  gabions. 

I  transmit  herewith  the  report  of  United  States  Assistant  Engineer  H.  C.  Ripley  of 
the  survey  work  during  the  year  ending  June  30, 1876.  This  report  is  so  full  as  to 
leave  little  to  be  added,  except  that  during  the  time  I  have  been  here  the  survey  work 
has  been  pushed  with  commendable  energy,  and  leaves  nothing  to  be  desired  on  the 
score  of  accuracy. 

I  also  transmit  the  wind  and  rain  record  from  November  1,  1875,  to  May  30, 1876. 

At  this  port,  during  the  year  from  July  1,  1875,  to  June  30, 1876,  there  was  collected 
$63,854.80,  and  the  duties  on  merchandise  received  in  bond  amounted  to  $43,154.83. 

Entries  and  cJearanoee  from  June  30, 1875,  to  June  30, 1876. 


Vessels. 


American,  oo«et.. 
Amerloan,  foreign 
Foreign 

Total 


Entries. 


ya 


411 

60 

1S9 


600 


Tons. 


415,292 
83,137 
80,332 


517, 661 


Clearances. 


No. 


306 

«6 

131 


493 


Tons. 


982,191 
27,437 
66,5e« 


376,217 
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Valae  of  exports  shipped  to  foreiffa  countries  during  the  year  ending  December  31, 
1875, 116,116,458. 
Value  of  same  from  January  ],  1876,  to  May  31, 1876,  $7,890,815. 
This  improvement  is  in  the  collection-district  of  Galveston,  Tex.    The  nearest  light- 
house is  on  Bolivar  Peninsula. 

Very  respectfully,  your  obedient  servant, 

Charles  £.  L.  B.  Davis, 
First  lAeutenant  of  Engineers^, 
Capt.  C.  W.  Howell, 

Corps  of  EngineerSj  U.  8,  A. 

The  folIowiDg  report  of  Assistant  Engineer  H.  G.  Ripley  gives  an  ac- 
coant  of  surveys  made : 

Galveston,  Tex.,  July  3, 1876. 

Dear  Sir  :  I  have  the  honor  to  make  the  following  report  relating  to  the  surveys  at 
Galveston,  Tex.,  for  the  year  ending  June  30,  1876. 

Work  to  be  accomplithed. — It  was  the  design  first  to  make  monthly  hydro^aphic  sur- 
veys of  the  inner  bar ;  second,  to  make  a  complete  survey  of  the  harbor,  tngonometric, 
hydrographic,  and  topographic;  third,  to  obtain  such  other  information  as  should 
appear  of  value  in  connection  with  the  improvement  of  the  harbor. 

in  accordance  with  this  design  stations  were  erected  for  connecting  at  distant  polnt-s  by 
triangulation,  and  ranges  were  put  up  on  Bolivar  Peninsula  for  the  purpose  of  sounding 
in  the  vicinity  of  the  proposed  jetty,  extending  from  Bolivar  Peninsula  across  the  outer 
bar.  Eleven  ranges  were  put  up  and  5  large  triangulation-stations  built,  when  the  storm 
of  September  came  and  destroyed  them  all,  save  one  range.  Attempts  at  sounding  by 
ineans  of  ranges  were  therefore  abandoned,  and  only  the  triangulation-stations  were 
rebuilt. 

After  the  storm,  which  swept  away  beacons  and  buoys  and  changed  shore-lines  and 
channels,  it  became  desirable  to  make  a  survey,  at  once,  of  both  inner  and  outer  bars. 
Therefore,  as  soon  as  a  sufficient  number  of  stations  to  locate  soundings  could  be  built 
and  located,  the  soundings  were  commenced,  and  a  chart  of  the  inner  bar  was  com- 
pleted in  October  and  one  of  the  outer  bar  in  November. 

Some  remarkable  changes  in  the  channels  and  shoals  were  revealed  by  this  survey 
as  having  taken  place  during  the  storm. 

The  gabion-jetty  was  to  a  great  extent  laid  bare  of  the  sand  accumulation  which  had 
almost  concealed  it,  aud  which  was  destined,  in  the  short  space  of  three  months,  to 
almost  entirely  envelop  it  again.  This  exposure  afforded  an  opportunity  to  locate  its 
position,  which  was  approximately  done  in  the  following  manner : 

The  tug-boat  was  anchored  at  ditferent  points  along  the  jetty — as  determined  by  send- 
ing down  a  diver — and  her  several  positions  located.  The  union  of  these  points  and 
the  end  of  the  breakwater  by  straight  lines,  and  the  addition  of  a  line  to  indicate  the 
back  row  of  gabions,  and  these  connected  by  cross-lines  to  indicate  the  wing-jetties, 
gives  the  position  of  the  jetty  as  shown  on  the  chart  of  that  date. 

Afterward,  from  January  24  to  February  9,  a  more  accurate  location  of  the  Jetty  was 
attempted  in  the  following  manner :  A  straight  row  of  piles  was  first  driven,  the  dis- 
tance from  pile  to  pile  being  about  100  feet,  extending  from  the  end  of  the  breakwater 
in  the  direction,approximately,  of  tbe  jetty;  a  lineof  sounding  was  then  takeu,  extend- 
ing 300  feet  on  either  side  of  each  pile,  at  right  angles,  or  nearly  so,  to  the  row  of  piles. 

Soundings  were  taken  every  5  feet  until  the  probability  of  meeting  a  gabion  was 
passed,  and  thereafter  every  10  feet,  and  locations  were  made  once  in  50  feet  by  means 
of  two  instruments  at  the  extremities  of  a  known  base  on  shore. 

Whenever  a  gabion  was  found,  its  position  was  accurately  located  and  its  inclination, 
if  possible,  ascertained. 

The  only  defect  in  a  complete  location  by  this  method  was  due  to  the  accumulation 
of  sand,  which  so  entirely  covered  the.  jetty  that  only  a  few  gabions,  comparatively, 
could  be  found. 

The  union  of  these  by  straight  lines,  extended  to  correspond  to  the  limits  of  the  Jetty 
as  determined  previously,  and  before  described,  and  the  a<ldition  of  lines  to  show  wing- 
Jetties,  gives  its  position  as  shown  on  charts  subsequeut  to  this  date,  (February  9.) 

Three  other  surveys  of  the  inner  bar  have  been  made ;  one  February  25  and  26,  one 
March  21  to  24,  and  one  June  16  and  17. 

After  the  storm  of  September  a  section  across  Bolivar  Channel  was  taken,  aud  com- 
pared with  one  taken  from  the  chart  of  1873,  which  shows  that  no  material  change  had 
occurred  in  its  area  of  discharge. 

High- water  marks  at  different  points  on  the  island  and  on  Bolivar  Point  were  det-er- 
miued  by  oarefuUy-run  level-lines.  The  result  is  tabulated  below.  It  will  be  noticed 
that  a  difference  of  3  feet  in  elevation  existed  on  opposite  sides  of  the  island.  This 
seems  almost  incredible,  but  there  can  be  no  doubt  of  its  truth. 

37  E 
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Table  showing  elevaiions  of  high-water  above  mean  low-tide  during  the  storms  of  June,  1867, 

and  September,  lc75. 


Location. 


Eleva- 
tion. 


Year.       Authority  and  remarka. 


Southwest  comer  of  22<1  8tr<»et  and  Avenue  D 

Hendley  Building,  comer  of  2()th  Htrt-et  and  f>trand  . 
Inside  of  cotton-prees,  Strand,  between    Ibth   and 
streets. 

Northeast  comer  of  I6th  street  and  Avenue  L 

Court- House,  20th  street 

Southwest  comer  of  3'2d  street  and  Avenue  M 

Near  southwest  comer  of  33il  street  and  Avenue  X  | . 

Southwest  corner|o^22d  street  an<l  Avenue  D 

At  Government  buildings,  Fort  Point* 


19tli 


Feet 

6.r.97  1867 

e.  IIW  1?67 

6.  •184  le75 


Ship  chandlery,  south  side  of  Strand,  between  20th  and 
91st  streets. 

Saint  Mary's  College,  Broa«lway 

Southwest  comer  of  10th  street  and  Avenue  L 

At  light-house,  Bolivar  Point 


8.804 
8.090 
7.549 
7.  fi60 
6.987 
8.304 

6.596 

9.292 
9.496 
6.622 


1875 
1875 
1875 
1875 
1875 
1875 

1875 

1875 
1875 
IS'iJ 


H.  Rosenberg. 
Capt.  Joe  Heodley. 
Mark  very  distinct. 

Charles  "Weinberg. 

E.  S.  Fletcher,  dep'y  clerk. 

T.  A.  Washington,  city eug'r. 

Colonel  Thrasher. 

A.  Korv. 

K.  M.  Pease;  less  than 

treme  height. 
A.  Wakeltr. 


ex- 


Rev.  Father  Carrier. 
JL  P.  Whiting. 
Light-keeper. 


1 


*  The  buildings  were  carried  away  when  the  tide  had  reached  this  height.  It  continued  rising  for 
•ome  time  afterward. 

DETAII^  OF  SURVEY. 

The  sarvey  of  the  entire  harbor  embraces  an  area  of  about  90  square  miles,  and, 
when  finished,  I  think  will  be  more  complete,  hydrographically,  than  any  yet  made  of 
this  harbor.  It  has  been  conducted  on  a  plan  similar  to  that  of  the  Coast  Survey  for 
such  work.  The  triaugulation  was  executed  with  a  sextant,  and  all  stations  and  promi- 
nent objects  have  been  plotted  by  co-ordinates.  The  accuracy  of  distances  depend 
upon  three  distances  determined  by  the  survey  of  1873.  They  are  from  flag-staff, 
Henley  building,  to  Bolivar  light,  22,673y^j  feet ;  from  flag-staff,  Henley  building,  to 
north  break waterbeacon,  23,364  feet;  north  breaker  beacon  to  Bolivar  light,  23,731-iV 
feet. 

The  true  meridian  here  assumed  was  also  determined  by  that  survey. 

The  txjpography  was  executed  with  transit  and  stradia.  It  was  commenced  in  Sep- 
tember and  finished  in  February. 

The  shore-line,  as  indicated  on  the  chart,  is  that  of  mean  low-tide. 

The  hydrography  was  accomplished  in  the  following  manner: 

Soundings  were  taken  on  time  from  the  steam-lannch  Fascine  for  a  depth  of  14  feet ; 
a  pole  marked  to  feet  and  tenths  was  used,  and  for  greater  depths  a  line  marked  to 
fathoms  and  feet  was  substituted.  Locations  were  made  from  the  boat  with  two  sex- 
tants, by  measuring  the  angles  from  the  three  known  objects.  The  frequency  of  the 
observations  depended  upon  changes  in  depth,  velocity,  or  direction.  The  apparent 
course  of  the  boat  was  determined  by  compass;  but  its  real  course  being  so  much 
affected  by  wind  and  tide,  the  accuracy  of  location  of  intermediate  soundings  depends 
upon  the  following  principles  : 

If  there  exists  a  force,  as  of  wind  or  current,  in  any  direction  not  coincident  with 
that  of  the  boat,  it  will  cause  a  change  in  direction.  Supposing  the  velocity  of  the 
boat  to  be  uniform,  if  this  force  be  constant  and  uniform  the  actual  course  of  the  boat 
will  be  a  straight  line,  and  will  differ  from  her  apparent  course  in  proportion  to  the 
relative  amounts  of  the  boat's  velocity  and  the  perturbing  force.  The  location  of 
intermediate  soundings  will  be,  therefore,  in  this  case  quite  as  accurate  as  though  no 
perturbing  force  existed. 

But  if  this  force  be  uniformly  changing,  (increasing  or  diminishing,)  the  boat's  actual 
course  will  be  a  curve  whose  radii  of  curvature  are  uniformly  changing,  (diminishing 
and  increasing.)  But  if  locations  be  frequently  made,  this  curve  can  be  determined, 
and  hence  the  location  of  intermediate  soundings  will  still  be  quite  accurate.  If,  how- 
ever, a  sudden  change  occur  either  in  the  direction  or  force  of  the  current,  as  is  often 
the  case  in  passing  from  flats  to  channel,  or  in  encountering  different  currents  where 
tne  Galveston  Channel  meets  the  Bolivar  Channel  on  the  inner  bar,  to  insure  accuracy 
it  is  necessary  to  make  a  location  immediately  before  and  after  the  change,  and  possi- 
bly to  reject  intermediate  soundings. 

If,  however,  instead  of  running  by  compass,  we  use  a  range  to  keep  our  course,  any 
change  in  the  force  or  direction  of  the  current,  instead  of  producing  a  change  in  direc- 
tion which  is  determinate,  will  produce  a  change  in  velocity  which  is  indeterminate, 
and  therefore  the  eqnal  spacing  for  intermediate  soundings  will  give  only  an  approxima- 
tion to  the  truth.  If,  in  addition,  we  are  obliged  to  wait  for  our  intersecting  range  to 
make  the  location,  a  great  discrepancy  may  result,  and  the  survey  will  be  valuable, 
only  as  a  reconnaissance. 
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This  must  be  very  appareut  when  it  is  considered  that  the  velocity  of  the  boat  may 
be  suddenly  increased  to  twice  or  three  times  its  original  velocity,  and  as  suddenly 
diminished  to  one-half  or  onc'third  of  tbat  velocity. 

For  the  reduction  of  soundings,  three  tide-gauges  have  been  kept :  No.  1  at  the  brick- 
'  wharf,  Galvef)ton  ;  No.  2  at  the  end  of  the  breakwater,  Fort  Point ;  and  No.  3  at  the 
Government  wharf,  Bolivar.  No.  1  ha.s  been  kept  most  of  the  time  since  September 
27,  1875,  takinpf  hourly  readings  from  7  a.  m.  to  5  p.  m. ;  No.  2  has  been  kept  only  when 
soundings  were  being  taken  on  the  inner  or  outer  bar ;  and  No.  3  has  been  kept  almost 
continuously  since  March  2^),  1876,  taking  hourly  readings,  day  and  night. 

Very  little  was  done  in  the  way  of  sounding  for  the  large  chart  until  May  15,  1876. 
From  this  time  the  work  has  progressed  without  important  interruption,  save  from 
bad  weather  and  the  necessary  delay  occasioned  by  the  launch  having  to  make  a  5- 
mile  trip  before  and  after  each  day's  work. 

The  following  exhibit  will  compare  very  favorably  with  a  similar  one  for  previous 
work,  and  will  show  what  an  immense  advantage  there  is  in  having  a  steam-launch 
for  this  kind  of  work : 

Number  of  square  miles  of  hydrography 73 

Number  of  linear  miles  of  hydrography 400 

Total  nnniber  of  soundings  taken 19,200 

Number  of  soundings  per  square  mile 263 

Number  of  hours  actually  taking  soundings 95 

Number  of  days  in  which  soundmgs  were  taken 21 

Average  number  of  hours  per  day  actual  work 4^ 

Average  number  of  days  favorable  for  bydrographic  work  since  May  15 1  in  2^ 

This  last  inclndes  much  time  of  inside  sounding,  which  was  not  at  all  favorable  for 
outside  work. 

The  outfit  and  labor  for  this  work  consisted  of  a  steam-launch,  with  captain  and 
engineer,  1  leadsman,  1  time-keeper,  1  recorder,  and  2  observers. 

Below  is  exhibited  the  method  of  keeping  the  records : 


Name  of  sta- 
tions. 


/5^  A  &  A  B. 


Aofcle,  (sex- 
tant No.  164-2.) 


Index  error. 

iLlvlO  •  •  •  •      •  •  I 

61°  34'  40" 


Time. 


A.    fn.    9. 
8    S4    30 

8    S5    10 


Do. 


8    S6    18 


96    28    30         8    27    32 


IS 

|5 


Feet. 

12.3 

13.2 

14.6 

16 

16 

16 

16i 

17 

17i 

19 

20 

22 
23i 
24 
26 


Name  of  sta-  ]  Angle,  (sez- 
tion.  itaDtNo.1643.) 


15" 


Index  error. 
-Oo  01 10" 

88^  03'  20" 


Remarks. 


Pole  eonrse  E.  by  N. 
Hard  sand  line. 


X 

30' 

^  B  &  A  I>- 


RaoKe  A  G  &  A  H. 


76    22    50 


Soft  mud. 


In  this  way  every  material  fact  can  be  succinctly  and  intelligibly  recorded.  The  cross- 
marks  thus  (x)  indicate  the  sounding  that  occurred  at  the  even  minute.  The  figures 
inclosed  thus  15''  30''  indicate  that  the  soundings  following  were  taken  once  m  15 
seconds  or  30  seconds,  as  the  case  may  be.  Under  the  head  of  ''  remarks  "  should  be 
noted  every  change  of  course  or  ol^her  Information  likely  to  be  of  value  in  plotting : 
and  at  the  close  of  each  day's  soundings  the  lead-line  should  be  carefully  tested  and 
it-8  error  noted. 

CHANGES. 


By  reference  to  the  charts,  it  will  be  seen  that  some  remarkable  changes  in  the 
shore-lines  and  channels  took  place  during  the  storm  of  September ;  Pelican  Si>it  was 
mostly  swept  away  and  its  shape  entirely  changed.  The  eastern  end  oi  Galveston 
Island  was  cut  through  by  two  shallow  channels  and  the  general  surface-level  greatly 
reduced.  Three-fifths  of  the  pile- breakwater,  of  which  there  was  6,800  feet,  was  car- 
ried away.  The  knoll  has  been  swept  south  of  a  line  running  east  from  the  outer  end 
of  the  gabion-jetty,  and  the  swash-channel  has  been  closed  at  its  head,  and  its  depth 
greatly  reduced. 

A  new  channel  across  the  outer  bar  was  made  in  the  prolongation  of  Bolivar  Chan- 
nel; and  for  a  width  of  channel  of  5,000  feet  extending  from  the  l:?-foot  curve  on  the 
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inside  to  the  same  cnrve  on  the  oat-side,  a  mean  depth  of  -^^  of  a  foot  was  attained, 
and  from  this  area  1,194,000  cuhic  yards  of  material  were  removed.  A  channel  of  suffi- 
cient width  for  navigation,  havins  a  depth  of  12^  feet  at  mean  low-tide,  was  thus 
formed,  which  has  heen  maintained  ap  to  this  time  and  shows  every  iodioatioa  of  per- 
manence. The  old  ship-channel,  which  until  the  storm  was  used  by  all  deep-diaaght 
vessels,  has  become  so  obstructed  that  it  is  only  used  by  those  of  light  draught. 

On  the  inner  bar  the  changes  were  very  marked.  A  new  channel  was  cut  through 
the  bar  in  a  line  nearly  direct  from  the  end  of  the  breakwater  to  the  light- vessel,  deep- 
ening the  bar  at  this  point  from  7  to  12  feet  and  greatly  reducing  its  width  ;  while  the 
old  channel  was  not  changed  in  depth,  its  width  was  reduced,  so  that  the  actual  con- 
dition of  the  bar  was  not  improved  for  navigation  for  vessels  of  deep  draught.  Bot 
the  impetus  thus  given  remained,  and  a  gradual  deepening  of  this  new  channel  con- 
tinued ;  and  the  next  survey,  made  February  25  and  26,  showed  a  depth  of  14|  feet 
across  the  bar.  March  24  there  was  15  feet,  and  June  17  there  was  16^  to  17  feet,  and 
the  distance  across  the  bar  from  the  IB-foot  curves  on  either  side  was  only  450  feet. 

From  the  18-feet  curves  in  the  Galveston  Channel  to  the  same  curve  in  Bolivar  Chan- 
nel in  June,  1875,  covering  an  area  of  1,412,833  square  yards,  which  has  been  mostly 
affected  by  changes  during  the  year,  a  mean  depth  of  &^^j  feet  has  been  attained,  and 
3,024,163  cubic  yards  of  material  have  been  removed. 

I  have  beeu  assisted  during  the  year  by  Mr.  R.  B.  Talfor,  United  States  assistant 
engineer;  Mr.  Wm. Thompson,  assistant  engineer ;  Mr.  J. C.  Buchanan,  assistant  engi- 
neer ;  and  Mr.  Richard  Scott,  assistant  engineer.  Mr.  Talfor  has  assisted  in  every  por- 
tion of  the  work,  both  in  field  and  office.  Mr.  Thompson  has  executed  the  topography 
and  assisted  in  taking  sections.  Mr.  Buchanan  did  most  of  the  leveling  for  the  de- 
termination of  the  high-water  of  1867  and  1875 ;  and  Mr.  Scott  assisted  in  the  hydro- 
graphic  work  for  a  short  time,  during  Mr.  Talfor's  absence. 
Very  respectfully,  your  obedient  servant, 

H.  C.  Ripley, 

Assistant  Enginetr, 

Lieut.  C.  E.  L.  B.  Davis, 

Corps  of  EngineerSy   U,  S.  J. 

The  charts  herewith,  marked  ''A,"  *'  B,''  and  "  C,''  show  the  condition 
of  the  channel  in  course  of  improvement  across  the  inner  bar  at  the 
several  times  of  survey- 

The  final  chart,  which  is  from  a  survey  made  about  the  middle  of  last 
June,  shows  an  excellent  channel  of  16^  feet  least  depth  at  mean  low- 
tide,  or  over  17J  feet  at  average  flood-tide.  The  increase  in  depth  ob- 
tained by  the  gabion  structure  has  therefore  been  about  5  feet  at  the 
minimum,  and  the  18foot  contour-lines  inside  and  outside  the  bar, 
which  in  1873  were  5,690  feet  apart,  are  now  but  450  feet  apart.  This 
favorable  chauge  was  observed  in  progress  previous  to  September  14, 
and  although  no  addition  has  since  beeu  made  to  the  jetty,  the  change 
is  apparently  yet  in  progress.  It  only  seems  necessary,  in  order  to 
deepen  this  channel  to  20  feet,  and  secure  it  from  injurious  efiects  of 
storms,  to  extend  the  jetty  but  a  short  distance  further  and  raise  it  near 
the  water-surface. 

For  this  purpose,  and  to  utilize  the  fair-weather  months  of  July  and 
August,  it  was  hoped  that  further  appropriation  might  be  available  by 
the  30th  of  June. 

Such  appropriation  as  may  be  made  it  is  hoped  to  use  in  completing 
the  Fort  Point  jetty,  and  afterward  in  commencing  the  Bolivar  Point 
jetty  for  improvement  of  the  outer-bar  channel. 

It  is  recommended  that  the  work  be  conducted  as  heretofore,  and  not 
by  contract. 

In  closing,  mention  should  be  made  of  the  gallant  men  who  went  to 
the  rescue  of  the  employes  at  Fort  Point,  who  were  cut  off  by  the  storm 
of  September,  and  in  great  peril. 

Assistant  B.  B.  Talfor;  Mr.  B.  M.  Pease,  overseer,  who  had  himself 
just  been  rescued  while  drifting  in  the  harbor;  Capt.  William  M.  An- 
drews, of  the  disabled  tug  Molyneux ;  Mr.  Samuel  H.  Perkins,  engineer 
of  the  same  vessel,  and  others,  whose  names  have  not  been  given  me, 
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took  possessiou  of  tbe  steam-tng  General  Stewart  Van  Vliet,  and  witb 
the  captain  and  engineer  of  that  vessel,  and  a  volunteer  life-boat  crew 
comx)osed  of  pilots  and  other  citizens  of  Galveston,  succeeded  in  bring- 
ing oft'  all  bat  twcr  of  the  men  left  at  Fort  Point.  Of  tbe  two  missing, 
one  was  killed  by  the  falling  timber  of  the  men's  quarters,  and  the  other 
drowned  by  being  overweighted  with  clothing. 

Lieutenant-Commander  D.  C.  Kells,  U.  S.  K,  and  the  officers  and 
crew  of  the  United  States  gunboat  Rio  Bravo,  reclothed  and  fed  the  half- 
drowned  men  on  their  arrival  at  the  wharf. 

These  men  saved,  lost  nearly  all  their  personal  effects,  and  are  de- 
serving remuneration,  the  more  so  as  they  waited  until  cut  off,  working 
to  save  Government  property. 

The  work  is  located  near  the  light-house  on  Bolivar  Point,  Texas,  and 
that  portion  for  improvement  of  the  inner  bar  is,  I  think,  capable  of 
completion  to  give  a  permanent  channel,  while  that  designed  for  the 
outer  bar,  as  heretofore  reported,  may  require  short  extension  from  time 
to  time. 

The  data  for  new  estimates  to  cover  changes  in  construction  recom- 
mended by  the  Board  are  not  yet  sufficient  for  the  purpose. 

The  estimates  of  last  year  are  therefore  left  standing  until  such  time 
as  they  may  be  well  revised. 

Money  ittatement 

Amount  available  July  1,  1875 §141,951  49 

Amoaut  ezpeuded  during  fiscal  year  ending  June  30,  1876 123, 201  51 

Amount  available  July  1,  1876 18,749  98 

Amount  appropriated  by  act  approved  August  14, 1876 142, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 209, 700  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  209,700  00 


J  3. 

improvement  of  entrance  to  galveston  harbor.  texas, 
eerort  of  the  board  of  engineers. 

Army  Building, 

New  YorJcj  December  28, 1875. 

General  :  Tlie  Board  of  Engineer  OflBcers,  re-assembled  by  Special 
Orders  No.  160,  dated  December  10, 1875,  "  to  reconsider  the  question  of 
the  improvement  of  the  entrance  to  Galveston  Harbor,  Texas,  and  the 
modifications,  if  any,  to  the  plan  adopted  therefor,  which  may  be  ad- 
visable from  the  effects  produced  in  the  channels  and  shoals  of  the  har- 
bor and  its  entrance  by  the  storm  of  September  15, 1875,"  having  care- 
fully reconsidered  the  subject,  have  the  honor  to  submit  the  following 

REPORT. 

In  the  report  of  the  Board,  as  originally  constituted  by  Special  Orders 
No.  9,  of  January  26, 1874,  in  regard  to  the  improvement  of  the  en- 
trance to  the  bay  and  harbor  of  Galveston,  it  was  recommended  that  two 
piers  or  jetties  should  be  constructed,  the  more  northern  of  which, 
starting  from  an  indicated  point  on  the  Bolivar  Peninsula,  should  be 
extended  to  the  bar,  as  shown  on  the  chart  submitted  with  the  report ; 
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the  other  starting  from  the  end  of  the  pile  construction  put  dowu  by 
the  city  of  Galveston  for  the  protection  and  with  a  view  to  the  exten- 
sion of  the  eastern  end  of  the  island,  known  as  Fort  Point,  on  which 
the  city  is  situated.  This  second  pier  or  jetty  was  to  be  extended  toward 
the  Bolivar  Channel  to  a  point  to  be  decided  by  the  effect  produced 
during  the  progress  of  the  work,  and  then  to  be  turned,gradually,  perhaps, 
toward  the  outer  bar  to  a  direction  generally  parallel  to  the  jetty  on  the 
opposite  or  Bolivar  side  of  the  main  channel. 

These  jetties  were  not  necessarily  to  be  brought  above  or  even  to  the 
surface  of  the  water  through  their  entire  length,  but  were  to  be  what 
are  known  as  training-walls,  to  direct  the  current  flowing  in  and  out  of 
the  bay,  and  more  especially  to  arrest  the  sands  which  are  carried  along 
the  coast  by  the  currents  flowing  in  both  directions — currents  due,  as  we 
learn  from  theobservations  submitted  to  us,  mainly  to  the  action  of  winds. 
With  such  training-walls,  the  Board  believed  that  an  important  increase 
of  depth  of  water  upon  the  outer  bar  would  be  assured  5  and,  moreover, 
that  the  inshore  portion  of  the  southern  jetty  leading  toward  the  main 
or  Bolivar  Channel  would,  by  extending  the  Fort  Point  extremity  of 
Galveston  Island,  tend  to  re-establish  the  condition  which  existed  when 
the  entrance  to  what  is  known  as  Galveston  Harbor  had  an  asserted 
depth  of  30  feet  5  or,  in  other  words,  when  no  bar  existed  at  the  en- 
trance. 

In  making  this  recommendation  there  was  a  good  deal  which  the 
Board  considered  and  presented  as  tentative,  and  especially  as  regarded 
the  direction  of  the  portion  of  the  southern  jetty  extending  from  Fort 
Point  toward  the  main  or  Bolivar  Channel,  as  also  the  height  to  which 
this  portion  should  be  raised ;  though  the  prevailing  opinion  was  that 
it  would  be  necessary  to  raise  the  larger  part,  if  not  all  of  this,  above 
water. 

Captain  and  Brevet  Major  Howell,  a  member  of  the  Board,  and  the 
oflBcer  designated  for  the  charge  of  the  work,  had  presented  a  novel  and 
cheap  device  for  the  construction  of  jetties  like  those  in  question,  in 
which  gabions,  plastered  inside  and  out  with  cement  and  filled  with 
sand,  were  to  take  the  place  of  the  stone  or  concrete  blocks  hitherto 
used  in  such  structures.  The  Board,  impressed  with  the  economy  which 
would  attend  the  use  of  this  device,  though  less  confident  of  its  success 
than  its  originator,  advised  its  trial,  beginning  at  the  inshore  end  of  the 
Fort  Point  jetty ;  and,  after  a  proper  extension  of  this  toward  the  chan- 
nel, then  an  experimental  length  of  from  300  to  500  feet  on  the  outer 
bar  on  the  Bolivar  Point  line  of  jetty,  when  a  full  test  of  the  action  of 
the  waves  on  this  novel  structure  would  be  obtained.  Also,  that  the 
inshore  end  of  this  jetty  should  be  commenced  at  the  same  time  as  the 
portion  on  the  bar. 

In  pursuance  of  this  recommendation,  the  work  was  commenced  and 
carried  out  on  'the  Fort  Point  side  to  the  extent  of  about  1,200  feet, 
when  the  storm  of  September  15,  1875,  occurred,  which  produced  such 
changes  in  the  channels  and  in  the  surface  of  the  northern  end  of  Gal- 
veston Island  as  to  induce  the  re  assembling  of  this  Board. 

Before  reciting  the  changes  occasioned  by  this  storm,  it  seems  proper 
to  state  those  produced  by  the  works  so  far  as  they  had  been  carried. 
These  works,  as  before  remarked,  had  been  carried  out  from  Fort  Point 
about  1,200  feet  toward  the  Bolivar  or  main  channel,  using  in  the  con- 
struction the  sand-filled  gabions  of  31ajor  Howell,  and  the  northern  end 
of  Galveston  Island  had  followed  the  construction,  obliterating  largely 
the  "swash-channel"  formerly  existing  around  this  point,  while  the 
shoal  beyond,  known  as  the  '*  knoll,"  had  been  moved  northward  toward 


REPORT   OF   THE    CHIEF   OF   ENGINEERS.  583 

the  main  channel,  and  around  the  end  of  the  jetty  toward  the  entrance 
to  the  harbor  of  Galveston.  As  the  sand  of  this  shoal  and  of  the  bar 
to  the  harbor  conies  mainly  from  the  drift  occasioned  by  the  currents 
and  waves  produced  by  the  southwesterly  winds,  this  action  was  to 
have  been  anticipated,  and,  moreover,  it  was  likely  to  continue  until  the 
jetty  should  be  prolonged  sufficiently  near  to  and  far  enough  along  the 
main  channel,  and  be  raised  to  such  height,  as  to  arrest  this  action. 

The  effect  of  the  storm  upon  the  jetty  itself  seems  not  to  have  been 
very  important,  though  the  velocity  of  the  current  which  the  storm  oc- 
casioned undermined  the  gabions  somewhat,  and  caused  a  settling  of 
several  feet.  So  far  as  the  gabions  themselves  are  concerned,  they  seem 
to  have  stood  the  test  at  least  as  well  as  any  other  mode  of  construction 
would  have  done.  Upon  the  channel  into  inner  harbor  the  effects  of 
the  storm,  while  marked,  do  not  seem  important  as  regards  the  plan  of 
improvement ;  while  beyond  the  outer  extremity  of  the  jetty  the  rapid 
outflow  of  the  water  from  the  bay  carried  oft'  a  part  of  the  "knoU,'^ 
which  had,  under  the  apparent  influence  of  the  jetty,  increased  to  the 
northward  toward  the  main  channel,  and  moved  it  back  to  nearly  its 
old  position. 

The  effect  seaward  of  the  storm  had  been  to  open  a  new  channel  over 
the  outer  bar  on  the  prolongation  of  the  Bolivar  Channel — that  is,  di- 
rectly seaward — or  rather  to  deepen  the  channel  that  formerly  existed 
there,  and  to  narrow  and  contort  the  old  main  channel  over  the  outer 
bar,  which  was  more  to  the  southward.  Probably  this  new  channel  will 
be  gradually  filled  up  to  its  old  depth,  and  the  old  channel  re-estab- 
lished under  the  superior  effect  of  the  drift  from  the  northeast,  which 
determines  the  position  of  the  main  bar  to  the  southward  of  the  line  of 
direct  outflow  of  the  waters  of  Galveston  Bav. 

In  addition  to  the  effects  of  the  storm,  above  noted,  must  be  added 
those  produced  on  the  island  of  Galveston  itself.  The  waters,  piled  up 
in  the  bay  by  the  easterly  and  southerly  winds  of  the  first  part  of  the 
storm,  were  driven  out  with  great  force  when  the  wind  had  got  round 
to  the  northwest,  and  the  rise  of  the  water  was  such  as  to  flood  the  east- 
ern extremity  of  the  island,  and,  by  the  rapidity  of  the  currents  thus 
occasioned,  to  sweep  oft'  almost  all  the  land  above  water,  east  of  the  city, 
and  to  carry  away  all  the  workshops  and  buildings  established  for  the 
harbor  constructions.  The  loss  of  property  to  the  Government  is  con- 
siderable, and  is  further  to  be  regretted  as  delaying  the  prosecution  of 
the  work,  as  it  destroyed  not  only  the  buildings  and  workshops,  but  a 
large  number  of  gabions  which  require  time  for  their  manufacture. 

These  details  of  the  effect  of  the  storm  are  not  noted  with  a  view  to 
giving  information  to  the  Department,  which  is  already  in  possession  of 
all  the  facts,  but  to  indicate  that  the  Board  have  taken  them  into  con- 
sideration in  the  conclusions  to  which  they  have  arrived. 

These  conclusions  are  as  follows : 

1.  That  the  two  jetties  or  training-walls  recommended  in  the  report 
of  January,  1874,  will,  if  constructed,  produce  an  important  increase  of 
depth  over  the  outer  bar. 

2.  That  the  portion  to  be  first  constructed  should  be  that  part  of  the 
west  jetty  starting  from  Fort  Point  toward  the  main  channel,  and  con- 
tinuing as  far  along  the  same  as  may  be  necessary  in  order  to  improve 
the  inner  bar,  by  preventing  the  transport  of  the  sand  by  waves  and 
currents  into  the  inner  channel,  and  allowing  the  currents  of  that 
channel  to  increase  the  erosion. 

3.  As  the  use  of  gabions  is  a  novelty,  and,  consequently,  as  we  have 
no  experimental  knowledge  regarding  their  reliability  for  such  works, 
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they  should  not  be  adopted  definitively  for  the  main  works  nntil  a  more 
thorough  and  extended  test  shall  have  been  made  of  them  by  the  exten- 
sion of  the  inshore-end  of  the  Port  Point  jetty,  by  constructing  from 
300  to  400  feet  of  the  northern  jetty  on  the  most  exposed  position  on 
the  bar,  and  of  a  portion  of  the  inshore-end  of  that  jetty,  as  recommended 
in  our  first  report. 

It  should  be  stated  that,  in  the  opinion  of  the  Board,  the  use  of  these 
gabions  in  exposed  situations  can  be  attended  with  success  only  in  case 
they  shall  be  soon  covered  by  the  drifting  sands,  so  as  to  protect  them 
from  injury  from  the  continued  action  of  waves,  from  the  shock  of  float- 
ing bodies,  and  from  all  other  causes  which  might  tend  to  disrupt  them 
and  allow  their  sand-filling  to  escape.  When  so  protected  they  will  form 
a  nucleus  for  the  sand-ridges  as  stable  and  as  permanent  as  if  of  stone 
or  concrete.  But  if  not  so  protected,  these  gabion  structures  will  be 
constantly  liable  to  injury  and  in  time  to  decay,  when,  losing  their  sand- 
filling,  the  structure  would  soon  be  washed  away.  That  the  proposed 
jetties  will  be  so  covered  seems  probable,  but  can  be  determined  only  by 
trial  such  as  we  have  recommended. 

4.  In  the  opinion  of  the  Board  the  channels  caused  by  the  storm  of 
September  15,  last,  across  the  island  between  its  eastern  point  and  the 
city,  should  be  closed,  the  mode  of  doing  it  being  left  to  the  judgment 
of  the  officer  in  charge. 

5.  It  is  further  suggested  that  in  future  work  the  gabions  be  placed 
on  mats  previously  sunk  on  the  bottom  and  properly  weighted,  instead 
of  upon  the  sand ;  these  mats  to  extend  not  less  than  about  8  feet  beyond 
the  jetty,  both  on  the  front  and  back,  and  that  these  mats  be  laid  so  far 
in  advance  of  the  jetty  as  to  prevent  the  scour  which  will  otherwise 
occur  around  the  jetty-head. 

From  the  foregoing  it  will  be  seen  that  the  Board  do  not  consider  that 
any  modifications  of  the  original  project  are  advisable  in  consequence 
of  the  effects  of  the  late  storms,  and  that  they  think  the  trials  recom- 
mended in  their  original  report,  which  had  been  only  partially  carried 
out  when  the  storm  which  compelled  the  cessation  of  work  occurred, 
should  be  continued  to  completion. 
Respectfully  submitted. 

Z.  B,  Tower, 
Colonel  of  Engineers^  Bvt,  Maj,  Gen, 
H.  G.  Wright, 
Lieut  Col.  of  Engineers,  Bvt  Maj,  Gen. 

John  Newton, 
Lieut  Cot  of  Engineers,  Bvt  Maj.  Gen. 

While  in  the  main  agreeing  with  the  other  members  of  the  Board,  I 
have  to  add  that  I  find  no  reason  for  modifying  the  views  advanced  in 
my  last  annual  report  on  this  work,  and  in  my  report  of  the  13th  of  last 
October. 

»  C.  W.  Howell, 

Captain  of  Engineers, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  (J.  8.  A. 
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J  4. 

IMPROVEMENT  OF  THE  RED  FISH  BAR  IN  GALVESTON  BAY,  TEXAS. 

Contract  for  this  work  was  awarded  Mr.  E.  W,  Cave,  president  of  the 
Baffalo  Bayou  Ship-Channel  Company,  as  reported  last  yeai:. 

Mr.  Cave  commenced  the  work,  with  dae  activity  and  with  abundant 
means  and  suitable  plant,  on  the  14:th  of  August,  1875,  and  prosecuted 
it  with  energy  until  the  14th  of  September,  when  his  dredging-fleet,  with 
the  exception  of  the  United  States  dredge,  which  he  had  been  permitted 
to  use  until  called  for  under  contract  for  Sabine  Pass,  was  wrecked  during 
the  cyclone  of  that  date.  Work  was  re-commenced  November  16, 1875, 
and  steadily  prosecuted  until  the  appropriation  was  exhausted,  when, 
under  his  contract  for  a  ship-channel  through  Galveston  Bay,  &c., 
to  be  hereafter  reported,  the  channel  made  was  extended  at  both  its 
upper  and  lower  ends  into  the  upper  and  lower  bays. 

This  improvement,  forming,  in  fact,  a  portion  of  the  ship-channel 
through  Galveston  Bay,  &c.,  and  as  both  works  were  awarded  to  the 
same  contractor  and  prosecuted  by  him  simultaneously,  it  was  not  found 
possible  after  the  cyclone,  which  destroyed  all  our  landmarks,  to  keep 
account  of  the  two  entirely  separate.  The  total  length,  with  the  width 
and  depth  of  cut,  of  the  associated  works  will  therefore  be  given  in  the 
report  of  work  on  "  ship-channel,"  &c. 

In  making  payment  ou  the  work,  a  sufficient  number  of  cubic  yards 
of  material  excavated  was  assigned  to  the  bar  work  to  just  absorb  the 
balance  of  appropriation. 

The  following  is  the  statement  as  given  on  voucher  taken  : 

Fourteen  thousand  one  hundred  and  thirty-three  cubic  yards  of  material  excavated 
with  United  StateH  dredge-boat  and  placed  on  side  of  cut,  at  17  cents;  23,735^ J  cubic 
yards  of  material  excavated  with  contractor's  boats  and  carried  off  on  scows,  at  25 
cents.  • 

The  work  is  located  in  the  collection-district  of  Galveston,  near  the  light-honse  on 
Red  Fish  Bar,  and  >;ives  some  evidence  of  permanence,  due  to  the  flux  and  re-dux  of 
the  tides,  which  cause  strong  currents  back  and  forth  through  it. 

9 

Importance  of  the  work  in  a  commercial  point  of  view  will  be  given 
in  the  report  on  the  ship-channel,  &c. 

Money  statement 

Amount  available  July  1,1875 $9,7GO  22 

Amount  expended  during  fiscal  year  ending  June  30, 1876 9,760  22 


Js. 

IMPROVEMENT  OF  THE  SHIP-CHANNEL  BETWEEN  THE  MOUTH   OF  THE 
SAN  .JACINTO  RIVER  AND  BOLIVAR  CHANNEL,  IN  GALVESTON  BAY,  TEXAS. 

This  work  was  commenced  under  contract  with  Mr.  E.  W.  Cave, 
president  BujQfalo  Bayou  and  Ship-Channel  Company,  (reported  in  my 
last  annual  report,)  about  August  28, 1875.  Its  completion,  so  far  as  the 
amount  of  appropriation  would  permit,  was  delayed  by  the  cyclone  of 
September  14, 1875,  as  reported  in  regard  to  the  work  for  improvement 
of  Red  Fish  Bar.  Notice  was  given  on  the  7th  of  February,  1876,  that 
appropriation  was  exhausted  and  the  contract  closed.     Since  that  time 
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the  contractor  and  other  private  parties  interested  in  the  continuance 
of  thejkvork  to  completion  have  carried  the  work  forward  to  an  extent 
not  well  known  to  me,  but  which  up  to  the  time  of  relief  of  my  inspec- 
tor was  reported  by  him  as  amounting  to  the  removal  of  4,832ff  cubic 
yards  of  material  from  the  channel  on  the  proposed  line  of  its  extension. 

The  amount  of  excavation  paid  for  by  the  United  States  is  showm  as 
follows :  27,024^  cubic  yards  of  material  excavated  with  United  States 
dredge-boat  and  placed  on  side  of  cut,  at  17  cents.  Seventy-seven  thou- 
sand eight  hundred  and  ninety-six  and  nine  twenty-fifths  cubic  yards  of 
material  excavated  with  contractor's  boats  and  carried  off  on  scows,  at 
25  cents.  This,  with  the  work  for  improvement  of  Red  Fish  Bar,  has 
made  a  continuous  channel  through  the  bar,  and  above  and  below  it  in 
Galveston  Bay,  as  shown  by  the  accompanying  chart  and  cross  sections. 

The  channel  dredged  is  6,100  feet  in  length  and  has  a  minimum  depth 
of  14J  feet  at  mean  low-tide. 

It  connects  depths  of  9  feet  and  8.J  feet  in  the  upper  and  lower  bays, 
and,  with  the  private  work  of  improvement  at  Morgan's  Point,  permits 
the  passage  of  vessels  of  9  feet  draught  to  within  a  few  miles  of  Houston, 
Texas,  with  which  it  is  designed  to  connect  it  by  a  short  railroad  now 
reported  in  course  of  construction. 

The  first  inspector  of  the  work  was  Professor  0.  G.  Forshey,  assistant 
engineer,  who  was  shortly  after  assigned  to  more  imi)ortant  duties,  and 
was  succeeded  by  Gapt.  Abram  Cross,  assistant  engineer.  After  the 
cyclone,  Captain  Cross  was  placed  on  work  of  survey  at  the  mouth  of 
the  Mississippi,  and  General  Albert  G.  Blanchard,  assistant  engineer,  was 
appointed  inspector,  which  position  he  retained  until  the  close  of  the 
work. 

Use  of  the  United  States  dredge,  allowed  the  contractor,  was  given,  on 
condition  that  he  should  haul  the  boat  out  on  the  ways  at  Morgan's 
Point,  thoroughly  repair  her  hull,  and,  when  called  upon  to  do  so,  return 
her  to  Galveston  in  good  working-order. 

It  was  further  stipulated  that  the  work  done  by  this  dredge  should 
only  be  paid  for  as  provided  in  his  original  bid,  that  is,  one  cent  lower 
per  cubic  yard  than  for  the  work  of  other  dredges. 

Tbe  conditions  w^ere  faithfully  observed,  the  hull  being  repaired,  at 
considerable  expense,  and  repairs  to  machinery,  on  return  of  boat,  paid 
for  to  the  amount  of  nearly  S500. 

The  commercial  importance  of  the  work  has  been  shown  in  previous 
reports,  to  which  the  following  is  added : 

New  Orleans,  July  20, 1876. 

Dear  Sir:  In  response  to  your  letter  of  7th  instant,  makin<T  inquiry  respecting  the 
progress  of  the  work  on  the  ship-channel  in  Galveston  Bay  since  the  termination  of 
the  United  States  Government  contract  at  Red  Fish  Bar;  also  the  present  condition  of 
navigation  at  the  terminus  near  Houston  ;  the  advantages  that  have  so  far  accrued 
from  this  work,  on  and  near  Red  Fish  Bar;  also  if  there  Lias  heen  noticed  any  deterio- 
ration in  the  channel  dredged  there  and  below  Morgan's  Point,  we  beg  to  state: 

The  channel  is  now  dredged  through  Red  Fish  Bar,  commencing  in  10  feet  water, 
soft  bottom,  on  southeast  side,  running  northwest  1  mile,  with  a  depth  of  14  to  20  feet, 
by  a  width  of  200  feet. 

This  carries  it  into  8^  feet  hard  bottom  ;  thence  it  is  dredged  northwest  2,000  feet, 
14  feet  deep  by  100  feet  wide,  terminating  in  9^  feet  water.  A  strong  current  flows 
through  the  channel  excavated,  and  at  a  straight  line  for  some  distance  beyond.  The 
scouriug-force  of  the  current  is  ample  to  maintain  the  channel.  The  steamships  of  the 
Morgan  Line  have  navigated  it  with  ease.  There  has  been  no  decrease  of  depth  on 
any  portion  of  the  work,  and  there  is  every  indication  of  its  being  permanent.  There 
is  in  the  center  of  the  Shell  Reefs  a  natural  basin  -about  2,500  feet  long,  and  from  100 
to  150  feet  wide,  with  a  depth  of  15  to  30  feet.  This  basin  is  on  the  line  of  the  channel 
excavated  under  contract  with  Captain  Howell,  and  forms  a  part  of  it.  The  channel 
excavated  in  Galveston  Bay,  south  of  Morgan's  Point,  now  extends  as  far  as  9^  feet 
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water  in  the  bay.    The  entire  leujjth  of  deep-water  ohaDnel  from  the  San  Jacinto 
River  to  9^  feet  water  in  the  bay,  is  4 J  miles. 

The  width  of  the  channel  through  the  laud  at  Morjjan's  Point  is  ISO  feet;  that  of 
channel  in  the  bay,  120  to  150  feet;  the  depth  of  channel  is  from  13  to  17  ft^et.  The 
course  of  the  current  is  regular  until  it  reaches  the  end  of  the  work  in  the  bay  ;  and 
the  effect  of  the  scour  is  marked  for  a  considerable  distance  beyond  that  point'.  During 
the  cyclone  jof  September  last  the  water  of  Galveston  Bay  rose  10^  feet  above  average 
tide. 

The  current  swept  through  the  channel  with  great  force.  The  effect  was  a  general 
deepening  along  the  whole  line.  Soundings  made  after  the  cyclone,  both  in  the  ship- 
channel  at  Morgan's  Point,  and  at  Red  Fish  Bar,  demonstrated  that  on  no  portion  of  the 
line  was  there  any  decrease  of  de])th.  There  is  every  reason  to  believe  that  when  the 
bay  from  Bolivar  Channel  to  the  United  States  Government  ship-channel  through  Red 
Fish  Bar,  and  to  the  terminus  of  the  ship-channel  in  Galveston  Bay,  south  of  Mor- 
gan's Point,  is  deepened  to  12  feet,  the  work  will  remain  open.  On  the  lin^of  exten- 
sion of  the  work,  the  least  depth  of  water  is  8^  feet.  Experience  in  these  baj'S  has 
shown  that  at  such  depth  the  bottom  is  not  disturbed  by  action  of  waves  during  ordi- 
nary storms;  and  it  is,  therefore,  believed  that  the  channel  will  not  be  affected  from 
such  cause.  There  is  now  unobstructed  navigation  for  vessels  drawing  9  feet  water, 
from  the  Gulf  of  Mexico,  via  Bolivar  Channel,  to  Clinton,  the  point  of  railroad  connec- 
tion with  Houston,  on  Buffalo  Bayou,  6  miles  from  that  city.  From  Morgan's  Point  to 
Clinton,  the  San  Jacinto  River  and  Buffalo  Bayou  is  from  25  to  14  feet  deep.  The  width  is 
from  200  to  400  feet.  The  first  steamship  navigating  the  ship-channel  was  the  Clinton, 
of  the  Morgan  Line,  with  cargo,  drawing  9^  feet  water,  April  21,  1876.  The  schooner 
Robert  Ruff,  with  cargo,  drawing  9  feet  8^  inches,  was  the  tirst  deep-draught  sail- vessel 
navigating  the  channel,  May  3,  1876.  Both  vessels  passed  through  the  United  States 
Government  ship-channel  at  Red  Fish  Bar,  the  schooner  Robert  Ruff  being  under  sail. 

The  passage  from  the  Gulf  to  Clinton  was  made  without  delay.  Since  that  time 
the  ship-channel  has  been  in  nse  by  both  steam  and  sail  vessels,  and  its  success  is  fully 
demonstrated.  Clinton,  the  point  of  railroad  transfer  to  Houston,  was  named  in  honor 
of  the  steamship  Clinton.  Ample  wharves  have  been  built  at  this  point,  and  a  rail- 
road built  affording  through  connection  with  the  whole  railway  system  of  Houston. 
The  Bayou  at  Clinton  is  210  feet  wide  and  from  14  to  18  feet  deep. 

Simms's  Bayou,  which  empties  into  Buffalo  Bayou,  here  affords  a  natural  turning- 
place  for  ships.  The  passage  from  the  Gulf  to  Clinton  is  made  by  steamships  in  about 
5  hours. 

The  completion  of  the  12-foot  ship-channel  through  Galveston  Bay  the  present  year 
would  open  to  the  coastwise  trade  of  the  United  States  communication  with  the  rail- 
roads of  Texas  centering  at  Houston. 

The  depth  of  the  Galveston  outer  bar  being  but  12  feet,  nearly  all  foreign  vessels 
receive  their  cargoes  in  the  Gulf  from  lighters.  These  lighters  are  engaged  in  the 
trade  of  both  Houston  and  Galveston.  Barges  are  employed  in  the  lighterage  business 
of  Houston.  An  elevator  has  recently  been  built  at  Houston.  Vessels  engaged  in 
carrying  grain  to  coastwise  ports  will  be  enabled  to  take  their  cargoes  on  Butt'alo 
Bayou  when  the  channel  is  completed. 

A  large  surplus  of  wheat  and  oats  will  seek  this  outlet  the  present  year;  and  upon 
the  present  draught  of  water  considerable  shipments  will  be  made  to  New  Orleans 
from  the  railroad  connection  near  Houston. 

The  openinj?  of  this  channel  will  shorten  the  line  of  railroad-carriage  on  all  coastwise 
freights  43  miles.  It  secures  post  facilities  that  distance  in  the  interior  of  Texas,  and 
for  grain-shipments  to  Atlantic  ports  presents  great  advantages.  It  will  secure  a  great 
saving  in  the  cost  of  freights  destined  for  the  interior  of  Texas  and  for  Houston,  and 
a  corresponding  saving  in  cost  of  shipments  of  agricultural  products. 

The  steamships  of  this  line  now  engaged  in  the  trade  with  New  York  are  compelled 
to  re-ship  their  Texas  cargo  via  Morgan  City.  With  a  draught  of  12  feet  water,  a  profit- 
able trade  will  be  carried  on  direct  from  New  York  to  Houston. 

The  lines  now  engaged  in  the  direct  trade  between  Galveston  and  New  York  deliver 
their  interior  Texas  freight  at  Galvaston,  from  whence  it  is  shipped,  via  Houston,  to 
interior  points.  The  cost  of  freight  from  Galveston  to  Houston,  via  rail  or  steamboat, 
is  40  cents  per  barrel,  and  81  per  bale  on  cotton. 

Vessels  running  direct  from  Atlantic  ports  in  the  trade  of  Houston  would  now  be 
compelled  to  lighter  their  cargoes  in  Bolivar  Channel.  The  completion  of  the  12-foot 
channel  will  save  the  cost  of  this  trans-shipment.  The  present  head  of  ship-channel 
navigation  is  within  6  miles  of  Houston,  at  Clinton.  A  railroad  is  built  from  this 
point  to  the  center  of  business  in  Houston,  connecting  with  the  great  lines  penetrating 
the  State. 

Facilities  are  provided  for  the  rapid  handling  of  freight  to  Houston,  and  all  through- 
freight  will  be  transported  to  and  from  shipping  without  breaking  bulk.  The  steam- 
ships of  this  line  have  navigated  the  ship-channel  from  the  Gulf,  via  Bolivar  Channel, 
to  Clinton,  since  April  21,  without  difficulty;  draught,  9^  feet.    Sailing-vessels  drawing 
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9  feet  9  inches  have  also  made  the  Yoyage  to  Clinton.  The  work  through  Red  Vish  Bar 
is  now  completed,  with  a  depth  of  water  greater  than  that  on  the  Galveston  outer  bar, 
and  all  information  furnished  ns  leads  to  the  conclusion  that  when  the  channel  is 
opened  through  the  bay  to  a  depth  of  12  feet,  it  will  be  permanent. 

The  number  of  bales  of  cotton  shipped  out  of  Galveston  Bay  of  the  last  crop  is 
460,000.  Of  this  about  two-fifths  was  transported  from  Houston  via  Buffalo  Bayou. 
The  number  of  vessels  engaged  in  the  coastwise  trade  which  entered  at  Galveston,  the 
port  of  Galveston  Bay,  for  the  six  months  ending  March  31, 1876,  was  : 

Steamers,  170— number  tons 210,378 

Sailing-vessels,  64 — number  tons '23, 642 

Total  tons 234,020 

American  and  foreign  vessels  engaged  iu  foreign  trade  entering  and  clearing,  same 
period : 

American  vessels,  39 — number  tons 22, 578 

Foreign  vessels,  107 — uumber  tons 63,273 

Total  tons 85,851 

The  completion  of  the  12-foot  channel  will  afford  facilities  for  the  tonnage  above 
named  engaged  in  the  coastwise  trade,  and  the  foreign  tonnage  of  that  draught  of  water 
to  reach  the  railroad  system  of  Houston.  Tbe  steamships  of  this  line  secure  return- 
cargoes  of  cattle  for  New  Orleans  and  Havana  at  Clinton. 

There  is  now  a  large  lumber  trade  between  the  Louisiana,  Alabama,  and  Florida  coast 
and  Galveston  Bay  for  the  supply  of  interior  Texas.  That,  with  the  Florida  coast,  will 
be  gi'eatly  facilitated  by  the  completion  of  the  12-foot  ship-channel.  It  is  anticipated 
that  a  large  grain  business  will  be  opened  between  Houston  and  Atlantic  ports  upon 
the  completion  of  the  12-ibot  ship-channel. 

It  is  our  expectation  to  place  steamships  in  the  direct  trade  between  New  York  and 
Houston  when  12-foot  navigation  is  secured  in  Galveston  Bay. 

Some  little  delay  has  occurred  in  securing  the  data  required  by  you,  for  which  we 
beg  to  apologize,  and  remain 
Very  truly,  yours,  &c., 

Chas.  a.  Whitney  &  Co., 

Jgeni8, 
Capt.  C.  W.  Howell, 

Carps  of  Engineers,  U.  S.  A, 

It  canuot  be  certaiuly  stated  if  the  work  may  be  one  of  permanent 
character  or  not. 

It  is  recommended  that  any  appropriation  that  may  be  made  for  the 
present  year  be  applied  in  making,  under  contract,  a  12-foot  channel  in 
extension  of  the  channel  reported,  and  that  the  upper  terminus  of  the 
channel  be  made  at  the  cut  through  Morgan':?  Point  instead  of  at  the 
mouth  of  the  San  Jacinto  Kiver. 

This  change  of  line  through  the  upper  bay,  together  with  the  practi- 
cal demonstration  given  us,  that  the  work  of  dredging  can  be  done  for 
30  cents  or  less  per  cubic  yard,  without  taking  into  consideration  the 
work  already  performed  by  private  parties,  permits  a  reduction  of  esti- 
mate as  follows : 

For  completion  of  9-foot  cut  through  bar,  34,000  cubic  yards  excavation, 

at  30  cents §10/200  00 

For  a  12-foot  channel  from  Bolivar  Channel  to  Morgan's  Point,  2,171,874 

cubic  yards  excavated,  at  30  ceut« ()51 ,  50)2  20 

For  a  15-foot  channel  from  Bolivar  Channel  to  Morgan's  Point,  4,200,207 
cubic  yards  excavated,  at  30  cents 1, 260, 062  10 

Should  tbe  line  through  the  lower  bay  be  changed  so  as  to  make  the 
channel  enter  the  head  of  Galveston  Harbor,  an  increase  of  estimate  will 
be  called  for. 

The  work  is  located  in  the  collection-district  of  Galveston  near  the  light-house  on 
Red  Fish  Bar. 

The  amount  appropriated  for  the  present  year,  when  made  available, 
it  is  proposed  to  expend,  under  contract,  in  continuation  of  the  ship- 
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channel  between  Bed  Fish  Bar  and  Morgan's  Point,  if  the  recommenda- 
tion to  terminate  the  channel  at  that  point  be  approved.  Otherwise,  to 
c6ntinae  a  12-foot  channel  from  Ked  Fish  Bar  toward  the  mouth  of  the 
San  Jacinto  River.  - 

M(yney  statemenU 

Amount  available  July  1,  1875 $25,000  00 

Amouut  expended  during  fiscal  year  ending  Jane  30, 1876 25,000  00 

Amount  appropriated  by  act  approved  August  14, 1876 72, 000  00 

Amouut  (estimated)  required  for  completiou  of  existing  project .^54, 560  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  250, 000  00 


J  6. 

IMPROVEMENT  OF  SA3INE  PASS,  TEXAS. 

Under  the  act  of  Congress  approved  March  3, 1875,  appropriating 
$20,000  for  this  work,  it  was  duly  advertised  for  contract,  and  bids  re- 
ceived as  shown  by  the  following  synopsis: 
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Contract  was  awarded  to  Curtis,  Fobes  &  Company,  of  Portland  Me., 
they  being  the  lowest  responsible  bidders. 

The  conditions  of  their  bids  were  that  they  should  be  allowed  the  use 
of  the  United  States  dredge  belonging  to  the  work  of  "  improvement 
of  Galveston  Harbor,"  which  was  no  longer  required  on  that  work,  to 
be  placed  at  their  disposal  in  good  working-order,  and  at  conclusion  of 
contract  returned  in  the  same  order ;  that  the  work  should  be  commenced 
on  or  before  the  1st  day  of  October,  1875,  and  be  prosecuted  with  due 
diligence  until  exhaustion  of  appropriation. 

Owing  to  difficulty  of  securing  tugboat  and  scows,  (as  I  am  informed,) 
the  contractors  were  not  able  to  commence  work  on  the  Sabine  Pass  Bar 
until  the  latter  part  of  February,  1876. 

The  delay  was  not,  however,  material,  as  it  covered  a  portion  of  the 
most  difficult  season  of  the  year  for  work  at  Sabine  Pass. 

Since  commencement  the  work  has  been  prosecuted  apparently  in  the 
best  of  faith,  but  under  very  discouraging  circumstances.  Once  the 
scows  were  reported  driven  ashore  during  a  storm,  and  much  delay  is 
reported  as  due  to  breakage  of  machinery,  which,  owing  to  the  distance 
of  the  work  from  Galveston,  the  nearest  point  of  repair,  gave  much 
trouble. 

The  work  done  up  to  June  30,  1876,  is  shown  in  the  following  table 

Amount  of  excavations  at  Sahine  PasSj  Texas. 
1876.  Cubic  yards. 

March  1 4,014 

March  I  to  9,  ioclasive 3,535 

March  9  to  31,  incluaive 881 

May  3 5,018 

May  31 3,850 

June  30 5,996 

Total 23,294 

On  this  first  installment  of  $1,000  has  been  paid. 

It  will  be  seen  from  this  that  the  work  has  not  progressed  far  enough 
to  give  evidence  on  which  to  base  any  conclusion  different  from  that 
given  in  my  last  report  relative  to  permanence. 

It  is  proposed,  as  stipulated  in  the  contract,  to  continue  the  work  as 
at  present  until  the  appropriation  is  exhausted. 

Estimates  for  completion  of  the  work,  as  made  in  report  of  February 
4,  1875,  are  resubmitted. 

For  a  channel  12  feet  deep,  291,713  cubic  yards  excavation,  at  30  cents  per 
cubic  yard $87,513  90 

For  a  channel  15  feet  deep,  489,087.66  cubic  yards  excavation,  at  30  cents 

per  cubic  yard 146,726  30 

For  a  channel  20  feet  deep,  1,084, 214.66  cubic  yards  excavation,  at  30  cents 

J)er  cubic  yard 325,264  40 
d  to  each  20  -^t  cent,  for  contingencies,  makes  in  round  nnmbers: 

For  achannel  12  feet  deep 105,026  00 

For  a  channel  15  feet  deep 176,071  00 

For  a  channel  20  feet  deep '. 390,317  00 

Miles.    Feet. 

Length  of  12-foot  channel 2    2,625 

Length  of  If -foot  channel 2    4,810 

Length  of  20-foot  channel 4    2,505 

Probable  time  required  to  complete  the  work,  under  the  following 
assumptions : 
First.  That  appropriation  is  made,  so  as  to  make  the  work  continuous. 
Second.  That  three  Morris  &  Cummings's  dredges  are  employed,  with 
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a  sufficient  number  of  dump-flats  and  tug-boats  to  enable  each  dredge 

to  work  up  to  2,000  cubic  yards  each  working-day  of  tea  hours. 

Third.  Allowing  one-half  time  lost  on  account  of  repairs,  stormy 

weather,  and  Sundays. 

,         Dfl.78. 

For  20-feot  channe] 360 

For  l&-foot  cbaoDel 163 

For  12-foot  channel 48 

The  cost  of  maintenance  of  the  channel  can  only  be  ascertained  from 
experience  on  the  work. 

The  work  is  located  in  the  coUection-district  of  Galveston,  near  the  light-hoase  at 
the  entrance  to  Sabine  Pass. 

Commercial  statistics  for  the  year  have  not  been  received. 

The  appropriation  of  August  14, 1876,  was  made  to  cover  several  dis- 
tinct works,  namely,  Sabine  Pass,  Blue  Buck  Bar,  and  Sabine  Bay,  and 
for  deepening  the  channel  over  the  bar  at  the  mouth  of  the  Sabine 
River,  and  for  deepening  of  the  channel  over  the  bar  at  the  mouth  of 
Neches  Rivpr,  where  these  rivers  enter  Sabine  Bay. 

Should  the  appropriation,  when  made  available,  be  divided  up  among 
these  several  works,  it  will  do  no  appreciable  good  to  any  one  of  them. 
It  is  therefore  recommended  that  the  whole  be  applied  to  Sabine  Pass, 
to  continue  the  work  now  in  progress,  and  that  work  under  it  be  done 
by  contract. 

Money  statement. 

Amount  available  Jnly  1, 1875 $20,000  00 

Amount  expended  during  fiscal  year  ending  June  30,  1876 3,341  16 

Amount  available  July  1,  1876 16,658  84 

Amount  appropriated  by  act  approved  August  14,  1876 38, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1876.    29, 500  00 


APPENDIX  K. 


ANNUAL  EEPORT  OF  CAPTAIN  W.  H.  H.  BENYAURD,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30, 1876. 

United  States  Engineer  Office, 

Memphis,  Tenn,,  July  1,  1876. 

General:  I  have  the  honor  to  transmit  herewith  annual  reports 
upon  the  works  under  my  charge,  for  the  fiscal  year  ending  June  30, 
1876. 

Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaurd, 

Captain  of  Engineers, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


K  I. 

improvement  of  the  OUACHITA  RIVER,  LOUISIANA  AND  ARKANSAS. 

Operations  during  the  year  were  continued  with  the  snag-boat  O.  G. 
Wagner,  in  charge  of  Justin  Straszer,  assistant  engineer,  in  clearing 
the  river  of  the  most  dangerous  obstructions. 

As  Bayou  Bartholomew  needed  some  improvement,  and  being  the 
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most  important  tributary  of  the  Ouachita,  and  navigated  by  the  same 
steamers,  I  directed  that  the  <<  Wagner  "  be  taken  into  that  stream  for  a 
short  time.  It  wa«  found,  however,  that  the  stage  of  water  was  such  as 
not  to  admit  of  any  permanent  improvement  without  a  considerable  ex- 
penditure of  money.  Accordingly  the  boat  was  withdrawn  from  the 
bayou,  and  its  operations  confined  to  the  Ouachita.  At  the  close  of  the 
season,  being  in  need  of  certain  repairs,  she  was  taken  to  New  Orleans, 
docked,  and  put  in  thorough  order,  ready  for  operations  during  the 
coming  season. 

For  the  operations  upon  the  Ouachita  Eiver,  Captain  Straszer  reports 
as  follows : 

OperatioDS  on  Onachita  River  were  commeDced  on  the  3d  day  of  June,  1875,  and 
con  tinned  nntil  the  2l8t  day  of  August ;  resumed  again  on  the  2l8t  day  of  December, 
1875,  aud  closed  on  the  4th  day  of  February,  1876. 

The  projects  of  improvement  contemplated  the  removal  of  snags  and  logs  from  the 
river-bed,  the  cutting  of  overhanging  timber  along  the  banks,  the  removal  of  the 
wreck  of  the  steamboat  Lotawanna,  and  the  extraction  of  the  remaining  piles  of  the 
bridge  piers  of  a  destroyed  railroad  bridge  in  front  of  the  wharf-boat  at  Monroe,  La. 

The  work  of  removing  snags  and  logs  from  the  channel  was  carried  on  between  Cam- 
den, Ark.,  the  present  head  of  navigation,  and  Columbia,  La.,  a  distance  of  226  miles. 

Owing  to  the  continnous  high  stage  of  water,  no  work  could  be  done  between  Co- 
lumbia and  Trinity. 

Daring  the  whole  season  the  stage  of  water  was  very  fluctuating,  hence  it  was 
deemed  advisable  to  adopt  the  plan  of  patrolling  the  river,  and  work  above  or  below 
certain  localities,  in  accordance  with  the  rise  and  fall  of  the  river. 

The  principal  places  where  the  channel  was  cleared  of  obstructions  are :  Yeager's 
Towhead,  Spoon  Camp,  Haidee,  Romeo,  Horse  Head,  Franklin,  and  Paroquet  Shoals,  In 
the  State  of  Arkansas ;  and  Loch-Lomond  Shoals,  Des  Oeuf  Bend,  Two-Paw  Shoals, 
above  Monroe,  and  that  portion  of  the  river  extending  from  Monroe  to  Cuba,  in  the 
State  of  Louisiana,  a  distance  of  30  miles.  Several  of  these  places  had  to  be  revisited 
at  different  times,  the  operations  having  been  interrupted  by  either  too  high  or  too  low 
water.  Isolated  snags  and  cypress  butts  (so-called  **  sawyers")  were  found  in  almost 
every  bend  and  shoal,  and  destroyed. 

The  number  of  snags  destroyed  and  removed  from  the  channel  amounts  to  653 ;  num" 
ber  of  overhanging  trees  cut,  835 ;  wrack-heaps  destroyed,  6. 

The  wreck  of  the  stern- wheel  steamboat  Lotawanna,  sunk  below  Grand  Marais  Land- 
ing, in  Arkansas,  B^  miles  above  the  State  line,  was  a  serious  obstruction  to  low-water 
navigation.  The  most  dangerous  portions  of  the  wreck,  consisting  of  parts  of  her  ma- 
chinery, were  removed ;  and  the  forward  part  of  her  hull,  which  reached  out  into  the 
low-water  channel,  was  blown  up  with  gunpowder.  The  wreck  was  visited  twice,  the 
suspension  of  the  operations  on  that  object  having  been  caused  by  the  breaking  of  an 
essential  part  of  the  hoisting-machinery  of  the  boat. 

The  obstructions  in  front  of  the  wharf-boat  at  Monroe,  La.,  consisted  of  the  piling  of 
the  piers  of  a  destroyed  railroad-bridge.  An  attempt  to  remove  them  was  made  with 
the  crane-boat  Ouachita  during  the  season  1873,  which  proved  useless,  as  the  equip- 
ment and  the  hoisting-power  of  that  boat  were  insufficient  to  achieve  any  success. 

These  piles  were  set  m  dusters  and  connected  with  heavy  sills  capped  and  mortised 
to  the  heads  of  the  pUes.  Eight  of  these  sills  were  pulled  off  and  30  piles  extracted, 
which  were  found  by  subsequent  measurement  to  have  been  driven  into  the  ground 
from  16  to  17^  feet.  This  formidable  obstruction  is  now  entirely  removed,  leaving  a 
clear  channel  in  front  of  the  wharf-boat. 

BAYOU  BARTHOLOMEW. 

By  your  orders,  dated  Memphis,  Tenn.,  December  13, 1875, 1  was  instructed  to  extend 
the  operations  also  to  Bayou  Bartholomew,  the  most  important  tributary  of  the  Oua- 
chita River. 

Upon  entering  that  stream  I  observed  during  the  first  few  days'  work  that,  with  the 
ordinary  working-force  of  the  snag-boat,  the  progress  in  removing  obstructions  would 
be  but  very  slight,  and  hardly  perceptible  in  view  of  the  enormous  quantity  of  work 
which  is  needed  in  order  to  facilitate  and  improve  navigation  in  that  stream. 

Having  represented  to  you  the  facts  in  my  special  report  dated  January  9, 1876, 1  re- 
ceived your  orders  to  discontinue  work  in  the  bayou. 

The  operations  in  the  bayou  were  confined  to  that  portion  extending  from  the  mouth 
to  Point  Pleasant,  a  distance  of  40  miles,  working  12  days ;  and  during  that  time  the 
following-described  work  was  executed:  Palled  91  snags;  cut  339  overhanging  trees; 
38  E 
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removed  2  wrack-heapB,  and  the  mdder-poets  and  fan-tails  of  the  hall  of  steamer  Big 
Horn,  lying  about  16  miles  above  the  month  of  the  bayon. 

Daring  the  coming  season  it  is  proposed  to  continae  operations  with 

vg  O.  G.  Wagner. 

The  original  estimate  of  operating  upon  the  Onachita  with  snag-boat 
was  as  follows : 

Cost  of  steamer $30«000  00 

Ronning-ezpenses,  per  month 2,200  00 

Money  statement 

Amount  available  Jnly  1. 1875 $18,485  49 

Amount  expended  during  fiaeal  year  ending  June  30,  1876,  (Louisiana, 

$16,72a08:  Arkansas,  1^,399.38) 18,127  46 

Amount  available  July  1, 1876 358  03 

Amount  appropriated  by  act  approved  August  14, 1876 12, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     30, 000  00 


K  2. 

IMPROVEMENT  OF  THE  YAZOO  RIVER,  MISSISSIPPI. 

The  amount  appropriated  for  the  Yazoo  Biver  being  very  small 
(t  12,000)  in  comparison  with  the  work  absolately  required  to  be  done, 
it  was  not  deemed  advisable  to  expend  any  part  of  this  amount  in  an 
outfit  intended  expressly  for  operation  in  this  river,  but  endeavor  to 
obtain  as  good  a  result  as  possible  with  the  limited  means  at  disposal ; 
and,  as  the  snag-boat  O.  O.  Wagner  could  be  spared  for  a  short  season 
from  the  Ouachita,  advantage  was  taken  of  this,  and  authority  asked 
for  and  obtained  to  operate  her  in  the  Yazoo. 

The  following,  from  the  report  of  the  assistant  engineer  in  charge, 
Mr.  Justin  Straszer,  gives  the  extent  of  the  operations  in  the  Yazoo : 

Having  received  your  verbal  instructions  relative  to  the  extent  of  operations  in 
Yazoo  River,  I  started  with  the  snag-boat  from  Vicksbnrgh  on  the  2d  day  of  Septem- 
ber, and  commenced  active  work  on  the  3d  of  September,  1875. 

The  back-water  of  Mississippi  River,  which  extended  at  that  time  fiur  above  Yazoo 
City,  in  conjunction  with  a  nead-rise,  prevented  any  operations  between  the  mouth 
of  the  river  and  the  foot  of  Honey  Island,  and  I  concluded  to  proceed  to  the  head- 
waters of  the  river  and  operate  down  stream  with  the  receding  stage  of  .the  water. 
Upon  tbe  special  request  of  the  steamboat  owners  plying  in  Yazoo  River  and  its  tribu- 
taries,  I  was  authorized  to  remove  the  most  dangerous  portions  of  the  wreck  of  steamer 
Star  of  the  West,  lying  across  the  channel  in  Tallahatchie  River,  6  miles  above  the 
junction  of  the  latter  stream  and  Yallabusha  River.  After  working  a  short  time  at 
the  wreck,  it  was  apparent  that  without  the  aid  of  a  submarine  diving  apparatus  all 
attempts  of  meeting  with  success  would  be  useless,  and  I  abandoned  the  wreck  in  ex- 
pectation that  the  outfit  of  the  boat  would  shortly  be  augmented  with  the  proper  ap- 
paratus to  enable  me  to  work  at  that  class  of  obstructions  with  advantage  and  to  se- 
cure their  removal. 

The  operations  in  removing  snags  and  logs  from  the  channel,  and  the  cutting  of 
overhanging  timber,  were  carried  on  from  the  junction  of  Tallahatchie  and  Yallabusha 
rivers,  forming  the  Yazoo,  to  Hayne's  Bluff. 

Sucii  obstructions  were  removed  at  the  foUowing-named  principal  localities : 

French  Bend  and  Erskine's  Landing,  Lower  Egypt. 

In  bend  at  the  head  of  Honey  Island,  Eagle  Lake,  and  Ship's  Landing. 

From  mouth  of  Short  Creek  to  Session's  Landing,  distance  one  mile. 

Bend  above  Wilson  and  Srew's  plantation. 

From  O'Neal's  Creek  to  Richard's  Bayou,  including  Holly  Bend,  a  distance  of  H 

miles.  .. 

From  Lake  Dick  Landing  to  mouth  of  Big  Sunflower  River,  distance  4  miles. 

Clark's  Landing. 
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Brown's  Bar,  1  mile  below  montli  of  Little  Snnfiower  River. 

A  great  number  of  isolated  snags  were  removed  in  different  localities.  , 

Owing  to  the  fluctuations  in  the  stage  of  water,  these  places  were  visited  at  different 
times.  A  large  number  of  these  obstructions  consisted  of  land-slides,  trees  which  slid 
off  the  banks,  remaining  in  their  upright  position,  far  away  from  the  banlcs  in  the  chan- 
nel, thereby  narrowine  the  width  of  the  channel  so  much  that  in  several  instances  it 
was  with  great  difficulty  that  the  steamboats  could  effect  a  passage  through  these  so- 
called  *'  narrows." 

These  slide-trees  are  generallv  very  heavy  to  pull,  and  reouire  much  time  and  work, 
as  much  as  two  dayr  work  having  been  employed  in  the  removal  of  single  slide- 
trees  in  several  instances,  requiring  tne  rigging  up  of  heavy  purchases  on  shore  to  aid 
the  hoisting  machinery  of  the  snag-boat. 

Heavy  nuns  at  the  headwaters  of  Tallahatchie  and  Tallabusha  Rivers  kept  the  stage 
of  water  in  Yazoo  River  far  above  the  legalar  boating  stage  for  that  season  of  the 
year,  hence  it  was  difficult  to  get  hold  of  certain  obstructions  which  were  considered 
dangerous  to  navigation  in  low- water  season,  their  removal  being  especially  desired  by 
the  pilots  on  that  river. 

Having  represented  to  you  in  my  special  report,  dated  September  18, 1875,  and  also 
Terbally  the  difficulties  which  were  experienced  at  the  different  objects  of  work, 
occasioned  by  the  character  of  bottom,  tne  muddy  water  of  the  river  during  its  con- 
tinued high  stage  and,  other  local  influences,  and  advocating  again  the  employment 
of  a  diving  outfit  as  essential  to  secure  success  and  meet  tne  exigencies  in  certain 
localities,  the  snag-boat  was  then  supplied  with  the  above-desired  apparatus.  Owing 
to  some  delay  in  the  shipment,  it  arrived  on  board  the  boat  only  a  short  time  before 
closing  the  operations  in  Yazoo  River,  but,  with  the  aid  of  the  same,  very  important 
obstructions  were  removed  which  otherwise  could  not  have  been  touched  at  all. 

Work  was  resumed  at  the  wreck  of  the  "  Star  of  the  West,"  and  the  principal  portions 
of  it  forming  obstructions,  namely,  the  larbowrd  iron  wheel,  walking-beam  and  rudder* 
stock,  removed,  and  the  larboard  gunwale,  aft  of  the  wheel,  blown  out  with  gunpow- 
der, thus  gaining  50  feet  of  channel  width  at  low- water. 

The  shaft  of  the  steamer  Capitol,  near  Liverpool  Landing,  was  taken  out  and 
dropped  at  the  bar  off  the  steamboat  channel. 

On  account  of  the  rapid  rise  in  the  river,  operations  were  suspended  on  the  9th  day 
of  December,  1875,  and  the  snag-boat  was  withdrawn  from  Yazoo  River. 

The  following  is  the  summary  of  work  done  from  September  3  to  December  9, 1875 : 

Pulled  512  logs  and  snags ;  cut  903  overhanging  trees ;  destroyed  4  wrack-heaps ; 
removed  portions  of  the  wrecks  of  steamers  Star  oi  the  West  and  Capitol. 

If  the  improvement  be  continaed,  it  is  intended  to  operate  in  the  same 
manner  in  the  Yazoo  Biver  daring  the  coming  season. 

As  the  steamers  navigating  the  Yazoo  do  not  confine  their  operations 
to  that  stream  alone,  bat  also  navigate  the  other  tribataries,  sach  as  the 
Big  Sanflower,  Tallahatchie,  &c.,  and  which  are  eqaaily  important  to 
have  improved  if  the  main  river  be,  I  wonld  respectfally  saggest,  in  the 
event  of  fatnre  appropriations,  that  the  benefit  thereof  be  extended  to 
these  tribntaries. 

For  the  Yazoo  Biver  proper  the  following  is  the  original  detailed 
estimate  for  the  improvement.  In  case  the  other  be  included,  detailed 
estimates  can  be  submitted. 

The  cost  of  ezecating  the  work  required  on  the  river,  including  cat- 
ting overhanging  trees,  I  estimate  by  each  description  of  boat  to  be  as 
follows : 

BT  IRON  STBAMBOAT. 

Cost  of  iron  steamboat $45,000  00 

Two  seasons'  work,  six  months  each,  at  (2,700  per  month 32, 400  00 

Removing  eleven  wrecks 30,000  00 

107,400  00 
Engineering  and  contingencies  10  per  cent.... 10,740  00 

lis,  140  00 
Dedaot  value  of  steamboat  after  four  years'  service 30,000  00 

88, 140  00 
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BY  WOOD  STEAMBOAT. 

Cost  of  Steamboat $35,000  00 

Two  seasoDB'  work,  six  months  each,  at  $2,700  per  month 32, 400  00 

Removing  eleven  wrecks 30,000  00 

97,400  00 
Engineering  and  contingencies. 9,740  00 

107, 140  00 
Deduct  value  of  steamboat  after  four  years' service 10,000  00 

97, 140  00 

BT  CRANE-BOAT. 

Removing  snags  and  leaning  trees  only : 

Cost  of  crane-boat $7,000  00 

One  boat  for  workmen's  quarters 700  00 

Three  seasons'  work;  six  months  each^  at  $2,200  per  month 39, 600  00 

47,300  00 
Engineering  and  contingencies,  10  percent *. 4,730  00 

52,030  00 

The  fourth  class  of  obstructions  are  the  overhanging  trees.  I  submit 
estimate  for  their  removal : 

Two  boats  fitted  up  complete,  with  accommodations  for  workmen $1, 500  00 

Tools,  &c 500  00 

Six  months'  work,  at  $1,500  per  month 9,000  (0 

11,000  00 
Engineering  and  contingencies 1,100  00 

12, 100  00 

By  appropriating  $120,000,  extending  over  a  period  of  4  years,  a 
thorough  improvement  would  be  made  on  the  river,  which  would  be 
sufficient  for  many  years  to  come. 

Amount  appropriated $12,000  00 

Amount  expended 12.000  00 

Money  statement. 

Amount  available  July  1,1875 $11,616  47 

Amount  expended  during  fiscal  year  ending  June  30, 1876 11, 616  47 

Amount  appropriated  by  act  approved  August  14, 1876 15, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 93, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878  50, 000  00 


K3. 

REMOVAL  OF  RAFT  IN  RED  RIVER,  LOUISIANA. 

In  the  month  of  July  last  work  was  continued,  as  in  the  previous 
month,  with  one  crane-boat  and  a  full  force,  under  the  direction  of  Gapt. 
J.  S.  Tennyson,  in  local  charge,  felling  timW  above  the  head  of  the  raft, 
in  the  vicinity  of  Spring  Bank,  to  prevent  the  same  from  falling  into 
the  river  and  forming  obstructions,  the  steamer  Sterling  being  used  in 
supplying  the  parties  and  in  towing  the  crane-boat  to  such  places  as 
needed. 

About  1^278  trees  were  felled  during  the  time  the  force  was  employed. 
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Afterward,  toward  the  end  of  the  month,  the  boats  were  all  laid  up  at 
Shreveport,  with  the  exception  of  the  "Aid,"  which  was  then  on  its  way 
to  Mound  Oity  to  undergo  needed  repairs. 

Work  was  suspended  until  iNTovember,  when  the  steamer  Thomas  B. 
Florence  was  purchased  to  take  the  place  of  the  "  Sterling,"  worn  out  in 
service.  Owing  to  the  continued  low-water  in  Red  River,  the  "  Florence  " 
did  not  reach  Shreveport  until  the  latter  part  of  December,  where  she 
wa^  detained  some  little  time  undergoing  repairs  and  alterations. 

In  January  the  "  Florence  "  and  one  crane-boat  were  again  put  into 
service,  with  full  working-force,  in  the  raft  region,  cutting  leaning  trees 
and  timber  likely  to  cave  into  the  river,  breaking  jams,  pulling  snags, 
&c.  During  the  month  2,107  trees  were  cut  down;  32  jams  were  re- 
moved, the  total  length  of  which  was  6,000  yards ;  pulled  5  snags,  and 
sawed  up  42  long  trees. 

Operations  were  continued  during  the  months  of  February  and  March 
with  the  same  working-force;  2,785  trees  were  cut  down,  28  jams  were 
removed,  250  square  yards,  surface  measurement,  from  old  raft  were 
removed,  and  also  515  cubic  yards  of  earth  taken  from  tow-heads,  and 
removed  14  large  stumps  from  channel  of  river. 

For  the  last  two  seasons  the  work  upon  the  raft  has  been  confined 
principally  to  keeping  the  channel  (which  had  been  opened  through  the 
entire  length  of  the  raft)  clear  of  running  drift,  and  thus  prevent  the  re- 
formation of  the  raft  and  the  blockade  of  the  river,  and  in  cutting  down 
the  timber  on  the  banks  so  as  to  prevent  the  same  from  falling  into  the 
river  and  causing  obstructions,  and  at  the  same  time  to  facilitate  the 
cutting  of  the  banks  by  the  current,  to  widen  the  stream.  Some  work 
also  was  done  toward  removing  certain  portions  of  the  old  raft  still  re- 
maining. 

The  following  table  will  give  approximately  the  present  condition  of 
the  raft,  width  of  channel,  &;c.: 


s 

1 

a 

^3 
111 

Length  of  nUt  in 
feet. 

Width  of  raft  in 
feet. 

Width  of  obannel 
In  feet. 

i 

■s 

1 

1 

Knmber  of  t  o  w- 
heads  oonneoted 
with  raft 

Length  of  raft  in 
feet. 

Width  of  raft  in 
feet. 

Width  of  channel 
in  feet. 

1 

2 

10 

1 

1,800 

85 

120 
140 
125 
110 
100 
110 
110 
100 
110 
125 
110 
125 
120 
110 
110 
115 
110 
110 
125 

(•) 

20 
21  and  22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
32  to  37 

38 

39 

40 

41 

42 

1 

1,000 
400 

140 
125 

110 
125 

3 

300 
275 
250 
200 
300 
250 
150 
400 
250 

75 
60 
60 
75 
75 
75 
80 
75 
60 

200 

4 

2 
1 
5 
4 
3 
2 

800 

100 

105 

5 

1 

1 

1 

4 

1 

2. 

3 

1 

1 

4 

4 

3 

2 

3 

1 

135 

6 
7 
8 
9 
10 

900 
1,500 
1.800 
2.000 

170 
200 
215 
240 

120 
120 
100 
110 
150 

11 

150 

12 

3 

400 

130 

100 

13 

275 
250 
1,000 
1,500 
300 
500 
250 

80 

70 

100 

100 

75 

95 

100 

130 

14 

400 
900 

125 
135 

12.'( 

15 
16 

2 

125 
150 

17 

300 

140 

115 

18 

250 

19 

*  Above  Gilmer,  (no  number.) 

Channel-width  Ih  given  for  high-water  from  raft  to  shore. 
It  will  be  seen  from  the  above  that  a  considerable  portion  of  the  old 
raft  still  remains.    The  channel  originally  cut  through  the  raft  has 
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been  somewhat  enlarged  by  the  cutting  away  of  the  banks,  but  it  is  still 
too  contracted.  WhUe  it  is  not  particularly  desirable  to  remove  the 
whole  raft,  as  in  many  places  the  channel  now  formed  would  beiiguredi 
it  is  deemed  necessary  to  remove  certain  portions  of  the  raft-matter  to 
bett^  enable  us  to  prevent  the  formation  of  jams,  which  occur  regularly 
each  high- water  season,  and  which,  if  not  removed,  would  soon  oocasioa 
a  re-formation  of  tiie  rafb  and  complete  blockade  of  the  river.  The  pres- 
ence of  a  steamer  for  the  express  purpose  of  breaking  up  these  jams  is 
required  constantly.  They  are  formed  or  caused  by  the  floating  timber 
(which,  during  the  higher  stages  of  water,  runs  in  immense  quantities) 
lodging  at  the  heads  of  the  raft,  and  finally  swinging  around  across  the 
cbannd. 

Kow,  if  the  shape  of  the  heads  of  the  rafts  were  made  to  conform 
more  to  the  natural  course  of  the  current,  so  as  to  prevent  the  lodgment 
of  the  drift  and  to  make  it  float  off,  much  less  work  would  be  required 
of  the  boats,  and  the  force  employed  upon  other  important  parts  of  the 
work. 

To  remove  the  entire  raft  I  estimate  would  cost  about  $150,000 ;  but, 
as  mentioned  before,  this  is  not  particularly  desired,  on  account  of  the 
injury  likely  to  occur  to  the  channel  now  formed.  Certain  portions, 
though,  of  the  raft  proper  and  tow-heads  should  be  removed,  so  as  to  give 
a  continuous  channel  of  not  less  than  150  feet  wide.  To  do  this  I  esti- 
mate would  cost  about  $50,000. 

Below  the  raft,  from  Carolina  Bluff  for  a  distance  of  30  miles  down 
stream,  the  channel  is  only  90  feet  wide.  The  banks  in  this  stretch 
should  be  cleared  of  the  willows  and  small  growth,  so  as  to  allow  the 
river  to  enlarge  its  channel.  Jams  are  of  frequent  occurrence  through- 
out this  whole  distance,  and  it  is  important  that  this  much-needed  work 
be  done.    To  clear  the  banks  I  estimate  would  cost  about  $5,000. 

Above  the  head  of  the  raft  the  banks  have  been  cleared  of  timber 
likely  to  cave  into  the  river  to  within  a  short  distance  of  Fulton,  Ark. 
This  work  should  be  continued  as  high  up  as  it  is  possible  to  go. 

It  is  also  found,  below  the  present  raft,  that,  on  account  of  the  cutting 
out  of  the  bed  and  bauks  of  the  river,  due  to  the  removal  of  the  raft 
above,  many  snags  make  their  appearance,  and  are  a  source  of  danger 
to  the  safe  navigation  of  the  river.  These  snags  are  portions  of  the  re- 
mains of  the  old  raft,  and  are  found  all  along  the  river  formerly  ob- 
structed by  the  old  raft-formation.  They  should  also  be  removed.  The 
steamer  Aid,  since  her  alteration,  is  well  adapted  to  this  work,  and 
could  be  well  employed  during  a  portion  of  the  season  of  high-water  in 
removing  them.  Her  running  expenses  would  be  about  $1,800  per 
month,  and  for  four  months  would  be  $7,200. 

The  original  detailed  estimate  for  the  removal  of  the  raft,  as  presented 
by  Captain  Howell,  is  as  follows : 

1.  One  stem- wheel  saw-boat,  fitted  with  10  saws  on  sloping  sides  and  bow, 

steam-crane,  two  steam-capstans,  with  equipage  complete.. |57, 950  00 

2.  Flat-boat  or  scow,  to  receive  water-logeed  raft  from  saw-boat 1, 000  00 

3.  Stem- wheel  tow-boat,  with  capstan  and  steam-crane,  for  unloading  scow 

of  saw-boat 10,000  00 

4.  Donble-hnll  scow,  with  lifting  and  sawing  apparatus,  and  small  engine 

for  working  same 15,000  00 

5.  Stem-wheel  tow-boat  for  same,  with  one  steam-capstan  and  steam-crane 

for  unloading  water-logged  snags 15,000  00 

Total  miachinery  and  boats 98,950  00 

ESTIMATE  FOR  WORK  ONE  YEAR. 

No.  1,  saw-boat,  at  $5,000  per  month $60,000  00 

No.  3,  with  Ko.  2,  at  $1,000  per  month 12,000  00 
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No8.  4and5 |20,000  00 

Ax  and  saw  party  above  raft 12,000  00 

As  and  saw  part^  below  raft 3,000  00 

Repairs  of  machinery,  10  per  cent,  on  cost.... : 9,895  00 

Total  work  and  repairs  for  one  year 116,895  00 

8UMBIARY  FOR  ONB  TEAS. 

Boats  and  machinery - $98,950  00 

Work  and  repairs 116,895  00 

Contingencies,  20  per  cent 43,169  00 

259, 014  00 

Subseqaent  expense  of  keeping  river  clear  of  raft  and  Improving  chan- 
nel may  be  estimated^  for  first  year  after  opening  of  channel,  $50,000. 
Afterward  the  expense  will  decrease  rapidly,  bat  for  several  years  the 
work  of  destroying  raft  material  and  guarding  against  jams  mast  con- 
tinae,  at  an  annual  expense  of  from  $10,000  to  $25,000. 

Whole  amount  appropriated  since  commencement $300, 000  00 

Amonnt  expended  since  commencement 299,792  85 

The  estimates  presented  for  a  complete  cleaning  oat  of  the  raft  and 
for  other  needful  work  in  connection  therewith  will  overran  the  original 
estimate  of  Oaptain  Howell,  which  was  for  one  year.  For  the  past  two 
seasons  comparatively  little  work  has  been  done  upon  the  raft  proper.  A 
portion  of  the  appropriation  has  been  expended  in  the  purchase  of  a  new 
steamer,  to  take  the  place  of  the  *^  Sterling,"  worn  out  in  service,  and 
in  repairing  the  ^<  Aid"  and  other  boats  belonging  to  the  original  plant. 
The  balance  has  been  elpended  in  removing  such  portions  of  the  raft 
as  was  deemed  advisable }  in  breaking  up  the  various  jams  so  as  to  keep 
the  navigation  uninterrupted  and  to  prevent  the  re-formation  of  the  raft, 
and  also  in  cutting  down  the  timber  along  the  banks,  which  would,  by 
caving  iQto  the  river,  tend  to  the  same  thing.  This  latter  work  was 
absolutely  necessary,  and  belongs  to  the  raft-work  proper.  At  the 
present  time  I  am  advised  that  the  river  is  again  blocked  by  the  running 
drift,  but  there  being  no  funds  on  hand  no  work  can  be  done. 

To  continue  the  work  of  removing  such  portions  of  the  raft  as  may  be 
deemed  necessary,  so  as  to  secure  a  channel  15()  feet  wide ;  to  cut  down 
the  leaning  trees,  to  pull  up  all  dangerous  snags,  and  to  prevent  the 
re-formation  of  the  raft  by  running  drift,  the  additional  estimates  were 
inserts  in  this  report. 

Money  statement. 

Amount  available  Jaly  1, 1875 $39,354  91 

Amonnt  expended  daring  fiscal  year  ending  Jane  30, 1876 39, 147  76 

Amount  available  July  1, 1876 , .'. 207  15 

Amount  appropriated  by  act  approved  August  14, 1876 35, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 115, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 . .    75, 000  00 


K  4. 

IMPROVEMENT  OF  CYPRESS  BAYOU,  AND  CONSTRUCTION  OF  DAMS,  AND 
DREDGING  AT  THE  FOOT  OF  SODO  LAKE,  TEXAS. 

Work  was  continaed  in  July  with  the  dredge-boat  in  finishing  the  cat 
that  had  been  eommeneed  the  previous  season.  Abont  3,000  yards  have 
been  excavated  and  a  natnber  of  stamps  removed. 
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The  balance  of  the  appropriation  was  so  small  that  extended  opera- 
tions could  not  be  carried  on. 

After  finishing  the  cut  the  dredge  was  thoroughly  repaired  and  laid  up. 

"No  work  was  done  in  Sodo  Lake,  there  being  no  funds  on  hand  for  that 
purpose. 

If  an  appropriation  be  made  for  the  coming  fiscal  year,  it  is  proposed 
to  dredge  at  various  points  in  the  bayou,  and  also  to  remove  stumps  and 
other  obstructions  in  the  lake. 

There  has  been  no  appropriation  since  that  for  the  fiscal  year  ending 
June  30, 1874. 

Total  amoant  appropriated  since  commenoement  of  work $60, 000  00 

Total  amouDt  expended  since  commencement  of  work 59, 977  90 

Money  statement. 

Amount  available  July  1, 1875 $4,259  68 

Amount  expended  during  fiscal  year  ending  June  30,  1876 4, 237  58 

Amount  available  July  1, 1876 22  10 

Amount  appropriated  by  act  approved  August  14, 1876 13, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.  10^  000  00 


K5. 

WATER-GAUGES  ON  THE  MISSISSIPPI  RIVER  AND   ITS  PRINCIPAL  TRIB- 
UTARIES.* 

«  < 

Observations  were  carried  on  at  all  the  gauge-stations  during  the 
year.  Such  repairs  as  the  gauges  needed  were  made  from  time  to  time, 
so  that  at  this  date  they  are  all  in  good  condition,  with  the  exception  of 
that  at  Memphis.  Work  upon  this  one  has  been  delayed  in  expecta- 
tion that  the  city  would  do  something  toward  repairing  their  levee,  as 
it  would  be  useless  to  put  up  a  good,  substantial  gauge,  like  the  one 
formerly  here,  with  the  levee  in  the  condition  it  is  at  present.  I  have 
been  husbanding  the  funds  on  hand  for  the  purpose  of  putting  this 
gauge  in  perfect  order.  ' 

The  gauges  were  established  by  Major  Merrill,  in  accordance  with  a 
resolution  passed  by  Congress  in  1871, ''  with  a  view  to  obtain  informa- 
tion required  for  the  protection  of  the  alluvial  lands  against  overflow,, 
and  for  the  improvement  of  navigation."  As  the  records  of  the  differ- 
ent high  and  low  waters,  bench-marks,  and  other  information  were  so 
scattered,  I  directed  Mr.  Joseph  Bumey,  assistant  engineer,  assisted 
by  Mr.  Wm.  M.  Yan  Pelt,  to  collect  all  data  bearing  upon  the  subject,  in 
order  that  the  same  might  be  embodied  in  one  report.  This  was  accord- 
ingly done,  and  the  records  of  the  gauges  below  will  give  all  informa- 
tion collected  and  authorities  for  the  same. 

All  the  elevations  given  are  referred  to  the  gauges  now  used,  with 
the  exception  of  those  at  Lake  Providence,  Yicksburgh,  and  Eed  River 
Landing,  at  which  stations  no  reliable  connections  could  be  made  be- 
tween the  delta-survey  gauges  and  the  present  ones. 

The  asterisk  (*)  means  standard  high  or  low  water  to  which  gauge  is 
referred. 

ALEXANDRIA  GAUGE. 

In  December,  1871,  a  gauge  was  erected  by  Major  Merrill.    Location, 

*  The  refereuceB  in  this  report  to  "Physics  and  Hydraulics  of  the  Mississippi  River, 
Humphreys  and  Abbot/'  are  to  the  first  edition,  Philadelphia,  1861. 
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below  the  warehouse  of  Capt.  John  A.  Williams.  In  1872  inspected  by 
Major  Merrill.  In  September,  1874,  repaired  by  Capt.  E.  W.  Bringhurst, 
parish  surveyor.  In  December,  1871,  Capt.  J.  A.  Williams  was  ap- 
pointed observer,  and  still  retains  the  position.  i 

Bench-mark  No.  1,  (Merrill,  1871.)  A  metal  star  on  the  south  end  of 
the  iron  sill  of  the  north  door  of  the  Ice  House  Hotel,  and  reads  on 
gauge  35.853  feet. 

Bench-mark  No.  2,  (Merrill,  1872.)  An  iron  eightpenny  nail  driven 
into  the  mortar  between  the  second  and  the  third  course  of  bricks 
(counting  from  the  bottom,  the  first  course  being  half  sunk  in  the 
ground)  in  the  brick  building  on  the  east  corner  of  Jackson  and  Second 
streets;  reads  on  gauge  34.202  feet. 

Bench-mark  No.  3,  (Merrill,  1872.)  The  top  projecting  course  of  bricks 
in  the  foundation  of  the  court-house,  at  the  extreme  east  corner;  reads 
on  gauge  36.319  feet. 

Oscillation,  39.06  feet. 


High-'vrater. 

Low-water. 

Tear. 

Date. 

Gauffe- 
reading. 

Date. 

Gaago- 
reading. 

Authority. 

1849 

35.36 
*36.46 

Major  Merrill,  (Chief  of  Engineers*  Report 
1673,  page  581.) 
Do. 

1866 

1871 

Ang.  — 

Dec.     7 
Oct      1 
Sept.  86 

NOY.88 

0.0 

*-8.60 
-0.50 
-3.00 

-8.80 

Major  Merrill,  (Chief  of  Engineers'  Beport 

1878.  page  434.) 
Mi^or  Merrillf  (water-gange  records.) 
Do. 

1878 

April  89 
June  19 
May    8 

April  87 
April  17 

33.30 
30.80 
34.90 

83.90 
38.80 

1873 

1874 

High- water,  Mi^or  Merrill ;  low-water,  Cap- 
tain Benyanrd,  (water-gauge  records.) 
Captain  Benyaurd,  (water-gange  records.) 
Do. 

1875 

1876 

BATON  BOTJGE  GAUGE. 

In  1851  a  gauge  was  established  by  Generals  Humphreys  and  Abbot. 
Location,  in  front  of  Mr.  Brown's  mill,  above  the  arsenal.  From  Feb- 
ruary 1, 1851,  to  February  28, 1853,  observations  were  taken  by  Mr.  J. 
W.  Brown.  In  December,  1871,  Major  MerrUl  established  the  present 
gauge,  the  location  being  a  short  distance  below  the  old  saw-mill,  about 
two  squares  below  the  State-house.  In  December,  1872,  gauge  rebuilt 
by  Col.  S.  H.  Lockett,  O.  E.  In  October,  1873,  repaired  by  Mr.  John  V. 
Van  Pelt,  O.  B.  In  December,  1875,  repaired  by  Mr.  Joseph  Bumey, 
O.  E.  From  December,  1871,  to  July,  1873,  Ool.  8.  H.  Lockett  was 
observer ;  from  July,  1873,  to  December,  1874,  Mr.  William  M.  Van  Pelt ; 
from  December,  1874,  Mr.  S.  L.  Ouyol,  who  still  retains  the  position. 

Benchmark  No.  1,  (Merrill,  1871,  "  State-house  B.  M.,")  is  the  top  of 
lowest  marble  course  of  the  State-house,  taken  on  the  west  point  at  the 
middle  of  its  northern  half,  which  reads  on  the  gauge  62.570  feet. 

Bench-mark  Ko.  2.  Top  of  the  inner  cap  (at  southwest  corner)  that 
covers  the  pediment  on  which  rests  the  7th  post  on  the  west  side  from 
the  northwest  comer  of  the  fence  surrounding  the  State-house,  which 
reads  on  the  gauge  34.771  feet. 

Bench-mark  No.  3,  (Van  Pelt,  1873.)  Mark  on  northeast  corner  of 
chimney  of  old  mill,  near  the  gauge,  and  reads  35.90  feet. 

Bench-mark  No.  4,  (Van  Pelt,  1873.)  Top  of  stone  at  boundary-line  be- 
tween United  States  garrison  and  city  property;  reads  on  gauge  34.111 
feet. 
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To  reduce  delta-gaage  records  to  present  gauge,  add  1.1  feet, 
thority,  Captain  Benyaurd. 
Oscillation,  36.95  feet. 


An- 


High-water. 

Low-water. 

Year. 

Date. 

Ganoe- 
reading. 

Date. 

Gauge- 
reading. 

Authority. 

1838 

April  1 

34.7 
33.9 
34.9 
34.5 
34.5 
33.0 

Humphreya  and  Abbot,  page  170. 
Do. 

1844 

1849 

Do. 

1850 

Mar.  15 
April  1 
June  13 

" 

Do. 

1851 

Not.  34 
Oct.   31 

a5 

a9 

*a30 

Humpfareys  and  Abbot,  Api^ndix  B,  paiceSl . 
Humphreys  and  Abbot,  Appendix  B,  page  35. 
Major  Merrill,  (Chief  of  Engineers'  SMiort, 

1874.  page  491.) 
Humphreys  and  Abbot,  page  170. 
Do. 

1853 

1854 

1858 

34.5 
35.0 
36.10 

34.49 
34.50 
39.65 
39.85 
*36wl5 

39.75 
33.40 

1859 

May    6 

1868 

Maior  Merrill,  (Chief  of  Engineers*  Report, 
1874,  page  491.) 
Do. 

1869 

1871 

Do. 

1878 

May    7 
Jnne  17 
Aprill6 

May  13 
May    8 

Dec  83 
Jan.     1 
Nov.  31 

Jan.     1 

1.15 
3.38 
8.30 

3.95 

MMnr  Men*i11.  (wat^i^r-ffi^nffA  records^) 

1873 

Do. 

1874 

ffigh-water,  Midor  Merrill ;  low-water.  Cap- 
tain Benyaurd ;  (water-gauge  records.) 
Captain  Benyaurd,  (water-gauge  records.) 
Do. 

1875 

1876 

CAIRO  GAUGE. 

In  1858  a  gauge  was  established  by  Generals  Humphreys  and  Abbot. 
From  January  1  to  August6)  1858^  observations  were  taken  by  Mr. 
Amol  d  Sy  berg.  From  1858  to  1868,  observations  were  taken  by  the  Cairo 
City  Company,  and  copies  of  the  records  obtained  by  Major  Merrill.  In 
October,  1871,  a  gauge  was  erected  by  Ms^or  Merrill  ^  location,  by  the 
side  of  the  upper  incUned  railway  of  the  freight-landing  of  the  Illinois 
Central  Eailroad.  In  1872,  inspected  by  Major  Merrill.  In  February, 
1874,  a  new  gauge  was  built  by  Mr.  Charles  Thrupp,  C.  E. ;  location,  at 
the  foot  of  4th  street.  In  October,  1871,  Mr.  M.  B.  Ensminger  was  ap- 
pointed observer,  and  still  retains  the  position. 

Bench-mark  No.  1,  (Hely,)  door-sill  Saint  Charles  Hotel,  northeast 
comer;  reads  on  gauge  52.42  feet. 

Bench-mark  No.  2,  (Hely,)  door-sill  Adler's  store,  between  4th  and  6th, 
reads  on  gauge  52.79  feet. 

Bench-mark  No.  3,  door-sill  Donelly's  store,  between  18th  and  20th, 
reads  on  gauge  52.94  feet.  Grade  of  Ohio  levee  reads  on  gauge  51.16 
feet;  authority,  Major  Merrill,  (Chief  of  Engineers'  Report,  1874,  page 
489.)  Grade  of  the  Illinois  Central  Railroad  on  the  levee  reads  on  gauge 
52.16  feet ;  authority,  Major  Merrill,  (Chief  of  Engineers'  Report,  1874, 
page  489.)  Grade  of  Mississippi  levee  reads  on  gauge  53.16  feet ;  author- 
ity. Major  Merrill,  (Chief  of  Engineers'  Report,  1874,  page  489.) 

To  reduce  delta-gauge  records  to  present  gauge,  add  9.16  feet ;  au- 
thority, Major  Abbot,  (commission  of  engineers'  report,  page  108.)  City 
datum-line  reads  ou  gauge  9.16  feet ;  authority.  Major  Merrill,  (Chief  of 
Engineers'  Report,  1874,  page  489.) 

Oscillation,  51.97  feet. 
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Hl^h-vater. 

Low-water. 

Year. 

Date. 

Gaoge- 
readfog. 

Date. 

Gauge- 
reading. 

Authority. 

1858 

June  81 
May    7 
Jan.  83 
AprU.84 
May    8 
Deo.  89 
Mar.  18 
May    1 

49.56 
46.49 
37.84 
43.16 
50.85 
34.30 
47.90 
48.89 
•50.97 

4&64 

Hnmphreya  and  AbbOt,Appendlz  B,  page  48. 
Cairo  City  Co.,  (wttsr-gauge  reoorlB.) 
Do. 

1899 

Nor.  10 
Oct.    13 

5.33 
3158 

I860 

1861 

Do. 

1868 

Da 

1864 

Do. 

1865 

Deo.     4 
Aug.  16 
Deo.  14 

6.51 
9.76 
8.70 

Do. 

1866 

Do. 

1867 

Mi^for  Merrill,  (Chief  of  Engineers'  B^ort, 

1873.  page  439.) 
Cairo  (Jity  Co.,  (wateriiange  reoorda.) 
Mi^  Merrill  (Chief  of  Sngineere'  Beporti 

1878,  page  499.) 
Mi^or  Menil],  (water-gauge  reoords.) 
Do. 

1868 

May  19 

■ 

1871 

Dee."84' 

Deo.    6 
Oet.    16 
Nov.  13 

Jan.  86 

•—1.00 

1.00 
8.60 
3w00 

5.30 

I8TO 

Ai>rill9 
Ftob.  86 
April  86 

Ang.    8 
ApBl  6 

89.80 
41.55 
47.40 

4&18 
46.38 

1873 

1874 

High-watsr,  MfOor  Merrill ;  low- water,  de- 
tain Benyaaro,  (water-gaage  records.) 
Captain  Benyaaro,  (water-gaage  reoords.) 
Do. 

1875 

1876 

GABBOLLTON  GAUGE. 

From  October  1, 1848,  to  Jane  30, 1855,  daily  observations  were  ob- 
tained by  Professor  Forshey,  and  those  notes  placed  at  the  disposal  of 
Generals  Hamphreys  and  Abbot  for  the  delta  survey.  In  1857  a  gaage 
was  established  by  Generals  Hnmphreys  and  Abbot,  the  location  being 
a  short  distance  above  the  depot.  From  November  4, 1857,  to  April  30, 
1861,  daily  observations  were  taken  by  Mr.  W.  H.  Williams.  In  Jan- 
uary, 1872,  Major  Merrill  erected  a  gange,  taking  the  same  zero  as  that 
ased  in  the  delta  sarvey,  and  erect^  the  gauge  near  the  old  location. 
In  January,  1873,  repaired  by  Lieutenant  Mahan,  XT.  S.  E.  In  March, 
1874,  inspected  by  Lieutenant  Quinn,  U.  S.  E.  In  August,  1874,  re- 
paired by  Mr.  W.  B.  Williams,  C.  E.  In  February,  1875,  inspected,  under 
the  direction  of  Gaptam  Howell,  U.  S.  E.,  by  Mr.  H.  0.  Ripley,  0.  E. 
In  April,  1875,  rebuilt  by  Mr.  T.  W.  Nicol,  O.  E.  In  December,  1875, 
inspected  by  Mr.  Joseph  Bumey,  C.  E.  In  January,  1872,  Mr.  Wm.  L. 
Duffy  was  appointed  observer,  and  still  retains  the  position.  Mean  Gulf 
level  reads  on  gauge  ^0.14  feet;  authority.  Generals  Humphreys  and 
Abbot. 

Bench-mark  No.  1,  (^^Hampson,"  Merrill,  1871.)  A  large  railroad- 
spike  on  the  northwest  corner  of  the  machine-shop  of  the  New  Orleans 
and  Garrollton  Railroad ;  reads  on  gauge  7.92  feet. 

Bench-mark  No.  2,  (Mahan,  1873.)  On  top  of  a  large  cypress  mooriqg- 
post,  a  few  feet  on  the  down-stream  side  of  the  highest  section  of  the 
gauge.  It  is  the  intersection  of  two  diameters  in  a  circle  of  about  |-inch 
radius;  circle  and  diameter  made  with  silver- headed  lining-tacks;  reads 
on  gauge  15.928  feet. 

Bench-mark  No.  3,  (Ripley,  1875.)  The  top  of  a  broken  spike  driven 
Into  the  north  face  of  the  car-house  of  the  New  Orleans  and  Garrollton 
Railroad ;  said  spike  is  2  feet  west  of  the  west  side  of  the  door  and  on  a 
level  with  the  course  of  bricks  upon  which  the  door-sill  rests;  reads  on 
gauge  11.14  feet. 

Bench-mark  No.  4,  (Ripley,  1875.)  The  top  of  a  ship-spike  driven  in 
the  north  side  of  the  machine-shop  of  the  New  Orleans  and  Garrollton 
Railroad;  0.20  foot  from  the  northwest  corner;  said  spike  is  driven  be- 
tween the  bricks,  37  courses  from  the  top  of  the  window-casing;  reads 
on  gauge  10.240  feet. 
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A 
Bench-mark  No.  5,  (Barney,  1875.)    A  mark  thus :  U.  S.  E.,  cut  on  west 

75 

end  of  iron  step  of  north  door  of  the  New  Orleans  and  Carrollton  Rail- 
road depot,  and  reads  on  gauge  8.61  feet. 
Oscillation,  17.30  feet. 


Year. 


1849. 
1850. 
1851. 
185*2. 
18r>3. 
1854. 
1855. 
1857. 
1858. 
1859. 
1860. 
1863. 

1871. 
1873. 
1873. 
1874. 

1875. 
1876. 


High-frater. 


Date. 


Gaas^ 
reading. 


Mar.  13 
Jan.  31 
Mar.  37 
May  30 
May  30 
April  14 
April  7 


15.3 
13.8 
15.4 
14.1 
15.0 
14.7 
9.5 


May  10 
May  4 
Feb.     6 


May  6 
Jane  37 
April  16 

May  3 
May  11 


15.1 
15.6 
ia4 
15.36 

15.4 
13.30 
13.98 
*15.70 

11.30 
13.70 


Low-water. 


Date. 


Graujce- 
reading. 


Oct.  6 
Nov.  18 
Nov.  34 
Feb.  4 
Oct  36 
Deo.  30 


3.10 
-0.5 
0.3 
0.6 
1.3 
0.0 


Nov. 
Nov. 
Nov. 
Oct. 

4 

5 

13 

18 

0.3 

0.4 

-0.4 

-0.7 

Dec 
Nov. 
Nov. 

Nov. 

87 
SO 
34 

13 

■    ■    a    ■ 

*-1.60 
0.08 
0.10 

0.10 

Authority. 


Hampbreya  and  Abbot,  Appendix  B,  p.  37. 
Hamphreya  and  Abbot,  Appendix  B,  p.  28. 
Hamphreys  and  Abbot,  Appendix  B,  p.  33. 
Hamphreys  and  Abbot,  Appendix  B,  p.  36. 
Hamphreys  and  Abbot,  Appendix  B,  p.  38. 
Humphreys  and  Abbot,  Appendix  B^  p.  39. 
Hamphreys  and  Abbot,  Appendix  B,  p.  40. 
Humphreys  and  Abbol^  Appendix  B,  p.  43. 
Hamphreys  and  Abbot,  Api>endix  B,  p.  47. 
Humphreys  and  Abbot,  Appendix  B,  p.  51. 
Humphreys  and  Abbot,  Appendix  B,  p.  52. 
M^or  Merrill,  (Chief  of  Engineers*  Beport 
IdTS^page  434.) 

Do. 
Mi^or  Merrill,  (water-gange  records.) 

Do. 
High- water.  Major  Merrill ;  low-Tater,  Cap- 
tain Benyaurd,  (water-gauge  records.) 
Captain  Benyaurd,  (water-gauge  reoords.) 

Do. 


COLUMBUS  GAUGE. 

In  1857  a  gauge  was  established  by  Oenerals  Humphreys  and  Abbot 
at  the  foot  of  Dabney  street.  For  bench-mark,  see  Humphreys  and 
^bbot,  Appendix  B,  page  23.  From  December  1,  1857,  to  August  30, 
1859,  observations  taken  by  Mr.  H.  O.  Fillebrown,  C.  B.,  and  Mr.  J.  M, 
Moore.  Highest  observation,  June  22, 1858,  40.9  feet;  lowest  observa- 
tion, October  20, 1858,  3.1  feet. 

DONALDSOKVILLE  GAUGE. 

.  In  1851,  a  gauge  was  established  by  Generals  Humphreys  and  Abbot. 
From  January  30, 1851,  to  March  16, 1860,  Mr.  A.  Gingry  was  observer. 
Location  of  gauge,  on  wharf-pile. 

Bench-mark  No.  1,  (delta.)  Top  of  pedestal  of  column  of  land-office, 
northwest  comer;  reads  on  gauge  28.18  feet. 

Bench-mark  No.  2,  (delta.)  On  water-table  of  court-house,  northeast 
eorner :  reads  on  gauge  28.82  feet. 

Oscillation,  27.5  feet. 


Tear. 


1849. 
1850. 
1851. 
IBSa, 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 


High-water. 


Date. 


Mar.  37 
June  15 
May  38 
April  14 
April  7 
May  39 
Mar.  18 
May  10 
May    6 


Oange- 
readiog. 


90.1 
38.8 
30.3 
3&4 
37.9 
37.6 
18.8 
36.8 
36.6 
30.0 
30.5 


Low-'vrater. 

Date. 

Gauge- 
reading. 

Nov.  33 
Nov.    1 
Oct.    35 
Deo.  39 
Jan.     1 
Oct.    15 
Nov.    4 
Nov.    4 
Sept.    5 

5.4 
6.3 
5.0 
3.0 
4.3 
3.0 
3.8 
4.0 
3.5 

Authority. 


Humphreys  and 

Do. 
Humphreys  and 
Humphreys  and 
Humphreys  and 
Humphreys  and 
Humphreys  and 
Humphreys  and 
Humphreys  and 
Humphreys  and 
Humphreys  and 


Abbot,  page  170, 

Abbot,  Appendix  B,  p.  38. 
Abbot,  Appendix  B,  p.  35. 
Abbot,  Appendix  B,  p.  37. 
Abbot,  Appendix  B,  p.  38. 
Abbot,  Appendix  B,  p.  39. 
Abbot,  Appendix  B,  p.  40. 
Abbot,  Appendix  B,  p.  41. 
Abbot,  Appendix  B,  p.  47. 
Abbot,  Appendix  B,  p.  51. 
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FLOBENCE  GbiUaE. 

lu  November,  1871,  a  gauge  was  erected  by  Major  Merrill;  location, 
jnst  below  the  uorth  abutment  of  the  railroad-bridge  over  the  Tennessee 
River.  In  1872,  inspected  by  Major  Merrill.  In  November,  1871,  Mr. 
W.  P.  Stradford  was  appointed  observer,  and  still  retains  the  position. 

Bench-mark  No.  1,  (Merrill,  1871.)    Southeast  corner  of  the  top  of 
the  first  small  pier  north  of  the  bridge,  and  reads  on  gauge  30.193  feet. 

Bench-mark  No.  2,  (Merrill,  1871.)  Top  of  the  northwest  corner  of 
the  bridge-seat,  on  the  abutment ;  reads  on  gauge  32.261  feet. 

Oscillation,  31.84  feet. 


High-water. 

Low-water. 

Year. 

Date. 

Gaase- 
readuig. 

Date. 

Oange- 
reading. 

Authority. 

18C7 

*31.08 

• 

M%)or  Merrill,  (Chief  of  Engineers'  Beport 
1873,  page  430.) 
Do. 

1871 

0.0 
*-0. 76 
-0. 45 
0.03 

0.43 

18ri 

Dec.  35 
Feb.  33 
April  17 

Mar.    8 
Jan.     4 

18.35 
33.90 
96.00 

39.38 
19.78 

Oct    34 
Oct    31 
Nov.  10 

Nor.    3 

M%|or  Merrill,  (water-gauge  records.) 
Do. 

1873 

1874 

High- water,  M%jor  Merrill ;  low-water,  Cap- 

Uin  Benyanrd,  (water-gauge  records.) 
Captain  Benyaurd,  (water-gauge  records.) 
Do. 

1875 

1878 

FORT  LEAVENWORTH  GAUGE. 

From  September  20, 1869,  until  the  gauge  was  established  by  Major 
Merrill,  observations  were  taken  by  the  Kansas  and  Missouri  Eailroad 
Company,  on  a  gauge  located  on  the  railroad-bridge.  In  November, 
1871,  a  gauge  was  erected,  under  the  direction  of  Major  Merrill,  by 
Lieutenant Buffner, U.  S. E.;  location, below  the  pumpingengine  house. 
In  1872  inspected  by  Major  Merrill.  In  November,  1871,  Mr.  William  N. 
Nntz  was  appointed  observer,  and  still  retains  the  position. 

Bench- mark  No.  1,  (Merrill,  1872.)    High-water  mark  of  1867  cut  into 
rock  near  engine-house,  and  reads  on  gauge  22.06  feet.   The  zero  of 
gauge  reads  101.45  feet  on  railroad-bridge  gauge;   authority,  Major. 
Merrill,  (Chief  of  Engineers'  Report  1873,  page  517.) 

Oscillation,  22.06  feet 


High-water. 

Low-water. 

^ 

Year. 

Date. 

Gauge- 
reading. 

Date. 

Gauge- 
reading. 

Authority. 

1867 

*3S.06 

Mi^or  Merrill,  (Chief  of  Bngineers'  Beport 

1873.  pace  ."^17.) 
K  ana  M.  it.  R.  Co.,  (water-gauge  records.) 
High-water,  K.  and  M.  R.  R.  Go. ;  low- water, 

Mi^or  Merrill,  (water-gauge  records.) 
MiOor  Merrill,  (water-gauge  records.) 
Do. 

1889 

Dec.  35 
Dec  S3 

Nov.  30 
Deo.     3 
Dec.  10 
Jan.    6 
Jan.     1 

3.85 
0.80 

*0.00 
1.33 
1.80 
1.80 
3.00 

1870 

Apriin 

June  11 
July  14 
July    6 
June  17 
April  30 
June  14 

18.75 

laos 

18.39 
19.07 
15.90 
17.70 
18.35 

1871 

1878 

1873 

Do. 

1874 

Do. 

1875 

Captain  Benyaurd,  (water-gauge  records.) 
Do. 

1876 

HELENA   GAUGE. 


In  1858  a  gauge  was  established  by  Generals  Humphreys  and  Abbot, 
and  from  March  19  to  July  20, 1858,  observations  taken.  In  November, 
1871,  a  gauge  was  erected  by  Major  Merrill  near  the  coal-landing,  being 
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on  the  southern  line  of  Mn  A.  Fink's  lot.     In  December,  1872,  re- 

S aired  by  Lieutenant  Mahan,  U.  S.  £,  In  December,  1874,  under  the 
irection  ot*  Captain  Benyaurd,  a  new  gauge  was  erected  by  Mr.  Joseph 
Bnrney,  C.  E.,  and  the  zero  placed  at  low-water  of  1872,  making  the 
zero  2.20  feet  lower  than  the  gauge  erected  by  Major  Merrill  in  1871.  In 
November,  1871,  Mr.  James  B.  Miles  was  appointed  [observer,  and  still 
retains  the  position. 

Bench-mark  Ko.  1,  (MerriU,  1871.)  The  top  of  the  &st  projecting 
course  of  bricks  of  the  southern  foundation-pier  of  Mr.  Fink's  boose 
reads  on  gauge  43.09  feet. 

Bench-mark  ISo,  2,  (Mahan,  1872.)  In  rear  of  the  levee  at  the  north 
end  of  the  steps  of  Squire  Williams's  house;  reads  on  gauge  46.138  feet. 

Bench-mark  No.  3,  (Mahan,  1872.)  In  rear  of  levee  at  the  southwest 
corner  of  the  southeast  column  of  the  south  porch  of  Mr.  Quarell's 
house;  reads  on  gauge  44.635  feet.  To  reduce  records  of  delta-gauge  to 
present  gauge  deduct  0.3d  foot;  authority,  Captain  Benyaurd. 

Oscillation,  46.40  feet 


High- water. 

Low-water. 

Year. 

Date. 

Gauge- 
readrng. 

Data 

Gaage- 
reading. 

.Authority. 

1888 

43.11 
43.31 
42  81 
42.81 
39.81 
44.61 
43.61 
M6.40 

45.88 

Humphreys  and  Abbot,  page  170. 

I>0. 

1844 

1849 

Do. 

1850 

May     1 

Do. 

1851 

Do. 

1856 

July    9 
Mar.  - 

Humphreys  and  Abbot,  Appendix  B,  p.  44. 
Hamphreys  and  Abbott,  page  170. 
Midor  Merrill,  (Chief  of  Bngineers'  Beport 
1873,  page  438.) 
Do. 

1859 

1862 

1867 

1871 

Dec  89 
Deo.   26 
Dot.    17 
Nov.  16 

Jan.   38 

1.15 

*0.00 

4.00 

3.70 

6.50 

M^jor  Merrill,  (water-gange  leoordB.) 
Do. 

1873 

April  36 
Mar.    6 
May  11 

April  19 
April  18 

39.03 
40.00 
45.80 

43.40 
44.85 

1873 

Do. 

1874 

High- water,  Mi^or  Merrill ;  low-water,  Cap- 
tain Benyaurd,  (water«gaage  reoorda.) 
Captain  Benyaurd. 
Do. 

1875 

1876 

JAOKSONPOBT  aAUGE. 

In  November,  1871,  a  gauge  was  erected  by  Mfyor  Merrill  j  location, 
below  Weisel's  sawmill,  between  Main  and  Mill  streets.  In  1872,  in- 
spected by  Major  Merrill.  In  November,  1871,  Mr.  W.  E.  Bevans  was 
appointed  observer,  and  still  retains  the  position. 

Bench-mark  No.  1,  (Merrill,  1871.)  Five  copper  tack&on  the  southern 
end  of  the  sill  of  the  southern  door  at  the  rear  of  Mr.  Ganse's  building ; 
reads  on  gauge  31.692  feet. 

Bench-mark  No.  2,  (Mahan,  1872.)  Extreme  northern  end  of  door-sill 
on  the  east  front  of  a  brick  building  owned  by  Messrs*  Adler  &  Gold- 
man ;  reads  on  gauge  32.863  feet. 

Bench-mark  No.  3,  (Mahan,  1872.)  On  the  southern  door-sill  of  the 
above  front,  and  reads  32.812  feet. 

Bench-mark  No.  4,  (Dukes,  1874.)  Copper  plug  ia  southwest  corner  of 
court-house ;   reads  on  gauge  30.30  feet. 

Bench-mark  No.  5,  (Dukes,  1874.)  Oopper  plag  in  J.  D.  Goldman  & 
Oo.'s  store ;  reads  on  gauge  33.32  feet 

Bench-mark  No.  6,  (Dukes,  1874.)  Iron  spike  in  locust-tree  corner  of 
Plumb  street  and  alley ;  reads  on  gauge  26.94  feet. 
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Bench-mark  "So.  1,  (Dakes,  1874)    Iron  spike  in  post  comer  of  Jeffer- 
son street  and  alleys  reads  on  gauge  31.26  feet. 
Oscillation,  33.93  feet 


Year. 


1867. 

1871. 
1878. 
1873. 
1874. 

187S. 
1876, 


HJiEh-water. 


Bate. 


May  34 

April  13 
April  83 

Jan.  31 


Gaiii 


;ssE..^»'^ 


•3SL83 


98.00 
30.00 
31.05 

96.80 
31.65 


Low-water. 


Deo.  94 
Sept.  8 
Nov.    3 

Ook    8» 


Gauge- 
reading. 


0.00 

*-l.  10 

-0.70 

-0.50 

-a  03 


Authority. 


M%)or  Merrill,  (Chief  of  Sasiaeers'  Beport 
1878,  page  431. ) 
Bo. 
M%)or  Merrill,  (water-gange  records.) 

Do. 
High-water,  Mi^or  Merrill ;  low-water,  Cap- 

tain  Benyaurd,  (water-gange  records.) 
Captain  Benyaard,  (water-gauge  reoorda.) 
Bo. 


LAKE  PROYIDENGE  GAUGE. 

In  1851  a  gauge  was  established  by  Generals  Humphreys  and  Abbot, 
the  location  being  near  the  wharf-boat  landing,  and  from  February  11 
to  November  30, 1851,  observations  taken  by  Mr.  W.  J.  Ourry.  In  1858- 
the  gauge  was  again  established  by  Qenerals  Humphreys  and  Abbot, 
and  from  March  20  to  August  21, 1858,  daily  observations  taken.  In 
December,  1871,  a  gauge  was  erected  by  Major  Merrill  opposite  Mr. 
Le  May's  house,  (since  burned  down.)  In  December,  1872,  repaired 
by  Lieutenant  Mahan,  U.  S.  E.  In  November,  1874,  rebuilt  by  Mr. 
Joseph  Bumey,  C.  E.  In  February,  1875,  rebuilt  by  Mr.  T.  W.  Nicol, 
0.  E.  In  December,  1875,  rebuilt  by  Mr.  Joseph  Burney,  O.  E.  In  No- 
vember, 1871,  Mr.  S.  T.  Le  May  was  appointed  observer,  and  still  re- 
tains the  position. 

Bench-mark  No.  1,  (Mahan,  1872.)  On  the  southwest  corner  of  the  slate 
pedestal  of  a  monument  erected  to  the  memory  of  Beasin  Bowie;  reads 
on  gauge  36.868  feet. 

Bench-mark  No.  2,  {Bumey,1874.)  On  cotton  wood-tree,  2,000  feet  above 
present  gauge  location,  30  feet  from  and  outside  present  levee,  (3  naila 
represent  bench-mark ;)  reads  on  gauge  36.637  feet. 

Bench-mark  No.  3,  (Nicol,  1875.)  Water-table  southeast  corner  new 
court-house;  reads  on  gauge  37.872  feet. 

Bench-mark  No.  4,  (Nicol,  1875.)  Upper  ground-course  of  brick  founda- 
tion-pillar southeast  corner  Le  May  House,  now  owned  by  Mr.  John  A. 
Ouest ;  reads  on  gauge  32.988  feet. 

No  connection  has  been  made  between  the  gauge  established  by 
Generals  Humphreys  and  Abbot  and  the  presen^t  gauge. 

Oscillation,  44.72  feet. 

GeneraU  Humphreys  and  Ahbofe  gauge. 


High-water. 

Low-water. 

Tear. 

Date. 

Oange- 
reading. 

Date^ 

(tenge- 
reading. 

AathoKity. 

1850 

4i.O 
45.6 
47.6 

4&4 

Hamphreys  and  Ahbot,  page  170. 
Hnmphreya  and  Abbot,  Appendix  B,  p.  90^ 
HumDhreVB  and  Abbot.  Appendix  B,  p.  45. 

1851 

Mar.  10 
Apr.    8 
Apr.  25 

1858 

1859 

HnmphxeyB  and  Abbot,  i>age  170. 
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Present  gauge. 


1862 

*40.87 
39.99 

1867 

1871 

Dea  31 
Dea  29 
Nov.    4 
Nov.  16 

Nov.  12 

—2.60 

*— 3.85 

0.91 

0.95 

5.90 

1872 

May     1 
May  28 
Mar.  21 

Apr.  19 
Apr.  18 

35.  is 
36.12 
37.37 

37.29 
37.95 

1873 

1874 

1875 

1876 

M%)or  Merrill,  (Chief  of  Engineer**  Report 
181^  page  432.) 

Do. 
Mi^or  Merrill,  (wator-gange  records.) 

Do. 

Do. 
High- water,  Maior  Merrill ;  low-water,  Cap- 
tain Benyuzra^  (water-gaage  records.) 
Captain  Benyaord,  (water-gange  records.) 

Do. 


LITTLE  BOCK  GAUGE. 

In  October,  1871,  Major  Merrill  established  a  gaage,  and  under  his 
direction  is  was  erected  by  Maj.  S.  McCormick,  O.  E.  Location,  foot 
of  Commerce  street.  In  December,  1872,  inspected  by  Lieutenant 
Mahan,  U.  S.  E.  In  March,  1872,  Mr.  Joseph  Meyer  was  appointed 
observer,  and  still  retains  the  position. 

Bench-mark  No.  1,  (Mahan,  1872.)  The  extreme  northern  end  of  the 
sill  of  the  north  basement  window  of  the  warehoase  to  which  gange  is 
attached^  reads  31.203  feet. 

Bench-mark  No.  2,  (Mahan,  1872.)  Top  of  the  eyebolt  in  a  mooring- 
post  on  the  levee  44  feet  east  from  the  northeast  corner  of  the  warehonse 
and  almost  on  the  prolongation  of  its  northern  face ;  reads  on  gange 
22.338  feet. 

Bench-mark  No.  3,  (Mahan,  1872.)  The  side  farthest  from  the  river 
of  the  eyebolt  in  the  mooring-post  30  feet  east  from  bench-mark  No.  2  ; 
reads  on  gauge  21.812  feet. 

Oscillation,  31  feet. 


■ 

High-water. 

Low-water. 

• 

Tear. 

Date. 

Gange- 
reading. 

Date. 

Gaage- 
reading. 

Authority. 

1857 

•31.00 

Mi^or  Merrill,  (Chief  of  Engineers'  Report 
1873.  page  433.) 
Do. 

18fi4 

*0.00 
0.80 
0.40 
0.00 

0.50 

1872 

May  SO 

Apr.  13 
Apr.  85 

Aug.    5 
Apr.    5 

S6.00 
33.60 
33.00 

31.80 
23.10 

Dec     4 

Sept.  33 
Sept.   4 

Kov.  87 

M%)or  Merrill,  (water-gaage  records.) 
Do. 

1873 

1874 

High-water,  Midor  Merrill ;  low-water,  Cap- 
tain Ben^'aurd,  (water-gaage  records.) 
Captain  Benyaord,  (water-gaage  records.) 
Do. 

1875 

1876 

LOUISVILLE  GAUGE,  (UPPEB.) 

Observations  in  1851, 1858, 1859, 1866, 1867, 1868,  and  1869  were  taken 
by  Capt.  E.  Lockhart,  superintendent  of  the  Loaisville  and  Portland 
Ganal.  In  November,  1871,  a  gauge  was  established  by  Major  Merrill| 
who  states  in  his  report,  ^<  the  gauge  was  constructed  at  my  request, 
ander  the  direction  of  Maj.  G.  Weitzel,  Engineers,  by  his  assistant,  Mr. 
Phillip  J.  Schoflf.'' 

The  gange  is  cut  into  the  north  abutment-wall  of  the  upper  guard- 
gate  at  the  head  of  the  Louisville  and  Portland  Ganal. 

From  November,  1871,  to  December,  1872,  Capt.  E.  Lockhart  was 
observer ;  from  December,  1872,  to  April,  1874,  Mr.  Wm.  Reynolds ;  from 
April,  1874,  to  February,  1875,  Mr.  J.  B.  Thompson ;  from  February, 
1875,  Mr.  H.  N.  Adams,  who  still  retains  the  position. 

The  zero  of  gauge  reads  35  feet  on  canal-levels;  authority,  M^or 
Merrill,  (Chief  of  Engineers'  Eeport,  1872,  page  429.) 
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BeDch-mark  No.  1.    Top  of  side-wall  of  gnard-gate  at  head  of  canal 
on  which  gauge  is  cut ;  reads  20.588  feet. 
Oscillation,  39.67  feet. 


High^vrater. 

Low  water. 

Tear. 

Date. 

Gauge- 
readmg. 

Date. 

Gauge- 
reading. 

Authority. 

1832 

*40. 76 
30.36 

M%)or  Merrill,  (Chief  of  Engineers'  Beport 

1873,  p.  518.) 
Superintendent    Louisville    and    Portland 

Canal. 
Mf^or  Merrill,  (Chief  of  Engineers*  Beport 

1873,  p.  518.) 
Sunerintendent    Loninville    and    Portland 

Canal. 
Do. 

1851 

Kar.    3 

Oot.     5 

1.51 

*1.09 

1.51 

2.01 
3.76 
1.84 
3.01 
2.76 
3.00 
3.30 
1.75 

2.70 

1856 

1858 

June  17 

Feb.  84 
Jan.     1 
Mar.  15 
Mar.  31 
April  4 
AprilH 
Deo.  19 
Feb.  36 

Aug.    7 
Jan.   30 

19.09 

33.76 
18.59 
.37.59 
32.26 
24.26 
20.95 
-     18.30 
38.35 

30.30 
33.50 

Sept.  38 

Sept.  30 
Aug.  18 
Oct.    33 
July  30 
Aug.  35 
Oot.      7 
Oct.      1 
Sept.  22 

Sept  80 

1859 

1866 

Do. 

1867 

Do. 

1668 

Do. 

1869 

Do. 

1873 

Mi^or  Merrill,  (water-gauge  records.) 
Do. 

1873 

1874 

High-water,  Major  Merrill ;  low- water,  Cap- 
tain Benyaurd,  (water-gauge  reoords.) 
Captain  Benyaurd,  (water-gauge  records.) 
Do. 

1875 

1876 

LOUISVILLE  GAUGE,   (LOWER.) 

Observations  in  1858, 1859, 1866, 1867, 1868, 1869  were  taken  by  Capt, 
E.  Lockhart,  superintendent  Loaisville  and  Portland  Ganal.  In  1871  a 
gauge  was  established  by  Major  Merrill,  who  states  in  his  report,  ^^  this 
gauge  was  constructed  at  my  request  under  the  direction  of  Maj.  G. 
Weitzel,  Engineers,  by  his  assistant,  Mr.  Phillip  Schoflf."  The  location, 
near  double  lock  at  the  foot  of  Louisville  and  Portland  Canal.  In  1872, 
inspected  by  Major  Merrill.  From  JSTovember,  1871,  to  December,  1872, 
Oapt.  E.  Lockhart  was  observer :  from  December,  1872,  to  April,  1874, 
Mr.  Wm.  Reynolds;  from  April,  1874,  to  February,  1875,  Mr.  J.  B. 
Thompson;  from  February,  1875,  Mr.  H.N.Adams,  who  still  retains 
the  position. 

Bench-mark  Ko.  1  is  the  lower  miter-sill  lower  lock  new  canal,  which 
is  2  feet  below  zero. 

The  zero  of  gauge  reads  8  feet  on  canal-levels;  authority.  Major  Mer- 
rill, (Chief  of  Engineers'  Report  1872,  page  430.) 

Oscillation,  66.50  feet. 


High-water. 

Low-water. 

1 

Year. 

Date. 

Gange- 
reading. 

Date. 

Gauge- 
reading. 

Authority. 

1832 

*67.50 

Major  Merrill,  (Chief  of  Engineers*  Beport 
1872,  p.  430.) 
Do, 

1856 

*1.00 
1.50 

2.50 
4.67 

aoo 

5.08 
4.08 
1.60 
3.00 
2.80 

4.10 

1858 

June  17 

Feb.   24 
Sept.  27 
Mar.  15 
Jan.    11 
April  4 
April  14 
Deo.   19 
Feb.  26 

Aag.    8 
Jan.   30 

43.33 

57.50 
41.75 
62.17 
48.75 
49.00 
45.37 
42.80 
47.60 

55.00 
58.00 

Oot.     7 

Sept.  20 
Aug.  IS 
Oot.    22 
Sept.  29 
Nov.  17 
Oct.    17 
Oct.      1 
Nov.  15 

Sept.  20 

Superintendent    Louisville    and    Portland 
Canal. 
Do. 

1859 

1866 

Do. 

1867 

Do. 

1868 

Do. 

1869 

Do. 

1872 

Mi^or  Merrill,  (water-gauge  reoords.) 
Do. 

1873 

1874 

High-water,  MsJor  Merrill ;  low-water,  Cap- 

tain  Benyaurd,  (water-gauge  records.) 
Captain  Benyaurd^  (water-gauge  records.) 
Do. 

1875 

1876 

39  E 
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MEMPHIS  GAUGE. 

From  September  5, 1848,  to  May  7, 1852,  copy  of  records  was  obtained 
by  Geuerals  Humphreys  and  Abbot  irom  water-gange  records,  kept  by 
the  officers  of  the  navy-yard.  In  1857  a  gange  whs  established  by  Gen- 
erals Humphreys  and  Abbot,  the  location  being  in  Wolf  Biver  near  the 
boundary  of  the  navy-yard.  From  December  20,  1857,  to  August  30, 
1859,  observations  were  taken  by  Mr.  Michael  Conway.  In  November, 
1871,  the  erection  of  a  gauge  was  commenced  by  Major  Merrill  and  fin- 
ished under  the  direction  of  the  Memphis  Harbor  Committee,  by  Maj. 
J.  H.  Humphrey,- city  engineer,  the  location  being  about  120  feet  south 
of  Jeiierson  street.  In  1872  inspected  by  Major  Merrill.  In  November, 
1871,  Mr.  W.  L.  Trask  was  appointed  observer,  and  still  retains  the 
position. 

Bench-mark  No.  1,  (delta.)  Top  of  the  water-table  of  rope- walk,  navy- 
yard;  reads  on  gauge  45.314  feet. 

Benchmark  No.  2.  Water-table  at  the  northeast  corner  of  Front  and 
Poplar  streets ;  reads  on  gauge  82.64  feet. 

Bench-mark  No.  3,  (Nicol,  1876.)     On  door-sill  corner  of  Front  and 

Jefferson  streets,  and  on  Jefferson,  marked  thus:  u   ^  £  ^^^  reads  on 

gauge  90.336  feet. 

Bench-mark  No.  4,  (Nicol,  1876.)  On  iron  door-step  entrance  to  up- 
stairs, Frank's  building,  280  Front  street,  marked  thus:  u.  s;  E.     ^^^ 

reads  on  gauge  89.012  feet. 

To  reduce  delta-gauge  records  to  present  gauge  deduct  1.14  feet; 
authority.  Captain  Benyaurd. 

Zero  of  gauge  reads  on  city  levels  66  feet ;  authority.  Major  Mer- 
rill.   (Chief  of  Engineers'  Report  1872,  page  430.) 

Oscillation,  35.75  feet. 


Year. 


1828. 
1844. 
1848. 
1849. 
1850. 
1651. 
1852. 
1858. 
1859. 

1867. 
1871. 
1872. 
1873. 
1874. 

1875. 
1876. 


High-water. 


Date. 


July  — 


Feb.  8 
May  18 
Mar.  11 
Apr.  21 
Jnne  23 
May  13 


Apr.  24 
Mar.  3 
May    2 

Aug.  15 
Apr.    8 


Gaage- 
reading. 


32.86 
33.16 


30.86 
33.56 
33.16 
32.96 
34.16 
34.06 

'34.80 


31.50 
32.50 
34.00 

33.05 
34.08 


Low-water. 


Date. 

Gange- 
reading. 

Nov. 

«  •  *  • 

3 

1.36 

Sept. 

23 

3.46 

Nov. 

3 

2.46 

Deo. 

27 

3.46 

Jan. 

1 

3.46 

Oct 

24 

2.86 

Dec. 

29 

-0.92 

Dec. 

25 

•—0. 95 

Oct 

30 

1.00 

Nov. 

16 

1.40 

Jan. 

27 

m  m  m 

3.90 

Authority. 


Humphreys  and  Abbot,  page  170. 

Do. 
Hampbreya  and  Abbot,  Appendix  B,  p.  26. 
Humphreys  and  Abbot,  Appendix  B,  p.  27. 
Hnmi>hreyB  and  Abbot,  Appendix  B,  p.  28. 
Humphreys  and  Abbot,  Appendix  B,  p.  29. 
Humphreys  and  Abbot,  Appendix  B,  p.  33. 
Humphreys  and  Abbot,  Appendix  B,  p.  43. 
Humphreys  and  Abbot  Appendix  B,  p.  48. 
M%jor  Merrill,  (Chief  of  Engineers'  Report 

1872,  page  431.) 
Mi^or  MerriU,  (water-gaage  records.) 

Do. 

Do. 
High-water,  Mi^or  MerriU ;  low-water,  Cap- 
tain B^iyaord,  (water-gauge  records.) 
Captain  Benyaurd,  (water-gauge  records.) 

Do. 


MOUTH  OF  WHITB  BIYEB  GAUGE. 


In  November,  1871,  a  gange  was  established  by  Major  Merrill,  the  lo- 
cation being  abont  100  yards  below  the  town,  near  the  coal-fleet.  In 
December,  1872,  repaired  by  Lientenant  Mahan,  U.  S.  E.  In  November, 
1874,  under  the  direction  of  Gaptain  Benyaurd,  a  new  gauge  was  erected 
by  Mr.  Joseph  Burney,  G.  E.,  and  the  zero  placed  at  the  low- water  of 
1872,  being  3.20  feet  below  the  zero  of  gauge  established  by  Major  Merrill 
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in  1871.    In  January,  1876,  rebuilt  by  Mr.  Joseph  Burney,  0.  E.    From, 
November,  1871,  to  August,  1872,  Mr.  W.  M.  Ezell  was  observer;  from 
August,  1872,  to  September,  1874,  Capt.  F.  C.  Kendall;  from  September, 
1874,  Dr.  P.  C.  West,  who  still  retains  the  position. 

Bench-mark  No.  1,  (Burney,  1874.)  Five  copper  tacks,  thus  :< ,  on  M 
Brannon's  gallery,  reads  on  gauge  49.29  feet. 

Bench-mark  No.  2,  (Burney,  1876.)  A  mark,  thus  TT,  made  by  tacks  on 
southeast  corner  of  ^'B.  £.  Lee''  saloon  on  Main  street;  reads  on  gauge 
49.208  feet. 

Oscillation,  46.80  feet. 


High-water. 

Low-water. 

Year. 

Date. 

Gaage* 
reading. 

Date. 

Gauge - 
reading. 

Anthority. 

1867 

M6.80 

Major  Merrill,  (Cblef  of  Engineers'  Beport 
1872,  page  432.) 
I)o. 

1871 

Deo.  — 
Dec.  28 
Oct    22 
Nov.  16 

Jan.  28 

1.367 
*0.0 
-2.60 

2.70 

&80 

1878 

Apr.  30 
Apr.  25 
Apr.  28 

Apr.  16 
Apr.  10 

40.20 
42.90 
46.60 

45.00 
46.70 

Major  Merrill,  (water-gange  records.) 
Do. 

1873 

1874 

High- water,  Mi^or  Merrill ;  low-water.  Cap- 
tain Benyanra,  (water-gange  records.) 
Captain  Benyaard,  (water-gauge  records.) 
Do. 

1875 

1876 

NAPOLEON  GAUGE. 

In  1857  a  gauge  was  established  by  Generals  Humphreys  and  Abbot, 
and  from  December  26, 1857,  to  January  10, 1859,  observations  taken  by 
Mr.  A.  A.  Edington.  Highest  record,  April  6,  1858,  45.4  feet;  lowest 
record,  Noveml^r  4,  1858,  4.6  feet. 

NASHYILLE  GAUGE. 

In  August,  1873,  a  gauge  was  ereoted,  under  the  direction  of  Major 
Merrill,  by  Mr.  S.  Thayer  Abert,  C.  £.;  location,  at  the  wharf.  In  Au- 
gust, 1873,  Mr.  H.  H.  Harrison  was  appointed  observer,  and  still  retains 
the  position. 

Bench-mark  No.  1,  (Abert,  1873.)  Top  of  second  course  of  Messrs. 
Wood  &  Simpson's  boiler-shop;  reads  on  gauge  33.768  feet. 

Bench-mark  No.  2,  (Abert,  1873.)  Top  of  curb-stone  at  lamp-post, 
Harrison's  comer ;  reads  on  gauge  48.811  feet 

Bench-mark  No.  3,  (Abert,  1873.)  Top  of  curbstone  at  southwest  cor- 
ner of  Broad  and  Front  streets ;  reads  50.097. 

Bench-mark  No.  4,  (Abert,  1873.)  Top  of  sill-course,  marked  X,  Har- 
rison &  Son's  corner ;  reads  on  gauge  50.708  feet. 

Zero  of  gauge  reads  110.333  on  city  levels ;  authority.  Major  Merrill, 
(Chief  of  Engineers'  Beport  1874,  page  489.) 

Oscillation,  54.67  feet. 


High*water. 

Low-water. 

Year. 

Date. 

Oange- 
reading. 

Date. 

Oange- 
reading. 

Anthority. 

*0.00 

Mi^or  Merrill,  (Chief  of  Engineers'  Keport 
1874,  page  489.) 
Do. 

1847 

*54.67 

1872 

1.00 
0.50 
0.50 
1.S0 

Do. 

1873 

Oct    14 
Jnly  10 
Sept  18 

Mi^or  MerriU,  (water-gange  records.) 
Do. 

1874 

Apr.  17 
Mar.    8 
Jan.  39 

49.60 
41.50 
34.40 

1875 

Captain  Benyanrd,  (water-gange  records ) 
Do. 

1876 
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NATCHEZ  GAUGE. 

Observations  of  the  river  have  been  made  here  for  a  longer  time  than 
at  any  other  station  on  the  Mississippi  Biver,  extending  back  for  a 
period  of  over  70  years.  Quoting  from  Generals  Hamphreys  and 
Abbot's  Report,  page  167  : 

In  1798  a  regalar  record  was  began  at  Natchez  by  Governor  Winthrop  Sargent,  and 
continued  by  him  until  1819.  From  that  date  nntil  1841  observations  at  the  same 
place  were  made  by  Mr.  Samael  Davis.  They  were  continued  by  Profeosor  Porshey 
nntil  1848,  when  he  removed  to  Carrollton  and  began  a  new  series  there. 

Those  records  were  compiled  by  Professor  Forsbey  for  delta 
survey.  In  1851  a  gauge  was  established  by  Generals  Humphreys 
and  Abbot,  and  from  February  18  to  November  30,  1851,  observations 
taken  by  Mr.  J.  C.  Brown.  This  gauge  was  again  rebuilt  by  Generals 
Humphreys  and  Abbot  in  1858,  and  from  January  1,  1858,  to  January 
31,  1859,  observations  taken  by  Lieut.  H.  S.  Putnam  and  Mr.  R.  F. 
Learned.  The  location  of  the  gauge  was  on  Mr.  Brown's  breakwater. 
In  December,  1871,  a  gauge  wa«  erected  by  Major  Merrill,  a  short  dis- 
tance below  the  Natchez  and  Vidalia  ferry-landing.  In  December, 
1872,  repaired  by  Lieutenant  Mahan,  U.  S.  E.  In  May,  1873,  the  loca- 
tion of  the  gauge  was  changed,  and  rebuilt  in  front  of  Messrs.  Eiddle 
&  Coleman's  coal-office  by  Mr.  William  Bustis,  0.  B.  In  June,  1874, 
inspected  by  Mr.  0.  Babbitt,  0.  E.  In  October,  1874,  under  the  direction 
of  Captain  Benyaurd,  new  gauge  was  erected  by  Mr.  Joseph  Burney, 
C.  B.,  and  the  zero  placed  at  low-water  of  1872,  making  the  zero  1.20 
feet  below  zero  of  gauge  established  by  Major  Merrill  in  1871.  In 
December,  1875,  repaired  by  Mr.  Joseph  Burney,  C.  E.  From  December, 
1871,  to  April,  1873,  Mr.  R.  B.  Monteith  was  observer :  from  April,  1873, 
to  August,  1874,  Mr.  L.  F.  Carvey;  from  August,  1874,  Mr.  J.  B. 
O'Brien,  who  still  retains  the  position. 

Benchmark  No.  1,  (delta.)  On  hackberry-tree  about  150  yards 
from  the  breakwater.  The  tree  is  in  Mr.  Brown's  garden.  Two  or 
three  spikes  form  the  bench,  which  reads  on  gauge,  52.688  feet. 

Bench-mark  No.  2,  (Merrill,  1871.)  A  copper  tack  driven  into  the 
southwest  end  of  the  door-sill  of  Mr.  Cann's  house,  near  the  ferry ;  reads 
on  gauge,  51.407  feet. 

Bench-mark  No.  3,  (Babbitt,  1874.)  On  iron  step,  Fulton  street,  on 
Messrs.  Bay  &  Grant's  store;  reads  on  gauge,  63.792  feet. 

Bench-mark  No.  4,  (Babbitt,  1874.)  A  mark  made  by  spikes  on 
check-post  on  island,  about  200  yards  above  Messrs.  Kiddle  &  Cole- 
man's office ;  reads  49.456  feet. 

Bench-mark  No.  5,  (Burney,  1875.)  Iron  spike  driven  into  wall  four 
courses  above  door-step  on  the  river-front  of  ice-house  belonging  to 
Messrs.  Riddle  &  Coleman ;  reads  on  gauge,  55.75  feet. 

Bench-mark  No.  6,  (Burney,  1874.)  A  mark,  thus,  X,  made  by  tacks 
on  top  of  check-post  on  wharf;  reads  ou  gauge,  46.19  feet. 

To  reduce  records  of  delta  gauge  to  present  gauge,  deduct  4.70  feet 
authority.  Captain  Benyaurd. 

Oscillation,  49  feet. 
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Year. 


1808 

1809 

1811 

1812 

1813 

1814 

1815 

1816 

1817 

1818 

1819 

1820 

1821 , 

1822 , 

1823 

1824 

1825 

1826 

1H27 

1828 

1829 , 

18:W) 

1832 

leaj 

l8:^4 

1836 

1837 

1K« 

1839 

1840 

1841 

1842 

1843 

1844 

1845 

1846 

1847 

1848 

1849 

1850 

185! 

1852 

1853 

1854 

1855 , 

1856 

1857 

1858 , 

1859 , 

1862 


High-water. 


Date. 


1867. 
1868. 
1869. 
1870. 
1871. 


1872. 

1873. 
1874. 

1875. 
1876. 


Apr.  90 
May  4 
June  4 
June  15 
June  8 
Jnne  17 
June  3 
Mav  S 
May  1 
Apr.  SO 
May  27 
Apr.  5 
Mar.  30 
June  1 
May  23 
May  6 
May  2 
Mar.  12 
Apr.  26 
Mar.  96 
May  7 
May  19 
May  7 
Mar.  17 
Mar.  12 
Apr.  6 
June  3 
May  31 
Apr.  20 
Apr.  16 
Apr.  8 
Jane  10 
May  30 
Apr.  8 
June  28 
July  16 
Apr.  10 
June  2 
Apr.  23 
June  38 


Apr. 
Jane 
Jane 
Apr. 
Apr. 
Mar.  22 
Mar.  16 
Jane  28 
May    2 


M^y  5 
May  30 
Apr.  90 

Apr.  96 
May  15 


Oauge- 
readiAg. 


46.8 
47.0 
47.1 
45.0 
4&3 
46.3 
48.6 
46.0 
46.1 
45.1 
46.9 
44.9 
46.6 
46.3 
48.4 
47.9 
46.9 
46.3 
44.3 
48.4 
41.4 
46.4 
46.9 
46.1 
43.6 
49.6 
44.6 
47. 
45. 
44. 
37. 
47. 
45. 
46.3 
46.8 
47.8 
45.1 
45.3 
47.8 
48.0 
47.5 
45.3 
47.1 
45.1 
44.3 
43.3 
36.3 
42.8 
43.0 
47.8 
♦49.0 
45.16 

47.9 
43.0 
46.1 
44.3 
43.8 


39.85 
40.15 
45.60 

41.85 
43.85 


3 
3 
7 
5 

1 

8 


Low-water. 


Bate. 


Deo.  15 
Jan.  1 
Nov.  17 

Jan.     1 


Oauge- 
reading. 


Authority. 


1.90 


*0.00 
0.95 
9.70 

7.00 


Hamnhreys  and  Abbot,  Plate  9,  Fig.  9. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Da 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Major  Merrill,  (Chief  of  Engineers'  Report 
187:),  page  531.) 

Do. 

Do. 

Do. 

Do. 
High- water,  Captain  BenyMiid ;  low-water, 
Major  Merrill,  (Chief  of  £ngineen'  Beport 
1879,  oage  433.) 
Mi\|or  Merrill,  (water-gauge  reoorda.) 

Do. 
High-water,  Mi^or  Merrill;  low-water,  Cap- 
tain Benyaard,  (water-gauge  reoord.) 
Captain  Benyaard,  (water-gauge  record.) 

Do. 


1 


NEW  OASTHAGE  GAUGE. 


t  

In  1851  a  gauge  was  established  by  Oenerals  Hamphreys  and  Abbot. 
From  February  9,  1851,  to  March  30, 1853,  observations  taken  by  Mr. 
A.  JR.  Adkins.  The  highest  observed  elevation,  March  31,  1851,  44 
feet ; .  the  lowest,  November  1, 1852,  4.4  feet. 
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BED  BITEB  LANDING  GAUGE. 

Id  1851  a  gauge  was  established  by  Generals  Humphreys  and  Abbot, 
and  from  February  18,  1851,  tx)  June  18,  1852,  observations  were  taken 
by  Mr.  Miguel  Torras.  In  1858  the  gauge  was  reestablished  by  Generals 
Humphreys  and  Abbot,  and  from  January  25, 1858,  to  January  31, 1859, 
observations  taken  by  Mr.  Miguel  Torras;  the  location  of  the  gauge 
being  at  the  wharf-boat  landing,  below  Mr.  Torras's  house.  In  Decem- 
ber, 1871,  a  gauge  was  erected  by  Major  Merrill;  location,  near  the 
wharf- boat.  In  December,  1872,  inspected  by  Lieutenant  Mahan,  U.  S.  E. 
In  April,  1873,  repaired  by  Mr.  William  Eustis,  G.  E.  In  September, 
1873,  rebuilt  by  Mr.  Charles  Babbitt,  0.  E.  In  October,  1874,  under  the 
direction  of  Captain  Benyaurd,  a  new  gauge  was  erected  by  Mr.  Joseph 
Burney,  C.  E.,  and  the  zero  of  gauge  placed  at  low-water  of  1872,  mak- 
ing the  zero  3  feet  below  the  gauge  erected  by  Major  Merrill  in  1871. 
In  December,  1875,  rebuilt  by  Mr.  Joseph  Burney,  C.  B.  From  Decem- 
ber, 18f  1,  to  July,  1875,  Maj.  A.  D.  Smith  was  observer ;  from  July,  1875, 
Capt.  J.  L.  Kingsbury,  who  still  retains  the  position. 

Bench-mark  No.  1,  (Mahan,  1872.)  One  of  4  square  oak  posts  at  the 
angle  of  a  square  of  which  the  diagonals  are  100  feet.  These  posts  are 
marked  A,  B,  C,  D,  by  means  of  silver-headed  lining-tacks  driven  into 
the  heads  of  the  posts,  the  exact  point  being  indicated  by  a  tack  driven 
into  the  top  of  each  post,  at  the  southwest  comer.  Post  marked  A  reads 
on  gauge  44.035  feet. 

Bench-mark  No.  2,  (Mahan,  1872.)   Post  marked  B  reads  43.297  feet. 

Bench-mark  No.  3,  (Mahan,  1872.)   Post  marked  C  reads  43.133  feet 

Bench-mark  No.  4,  (Mahan,  1872.)   Post  marked  D  reads  43.489  feet. 

Bench-mark  No.  5,  (Burney,  1875.)  A  mark,  thus  X)  made  by  tacks,  on 
cottonwood-tree  near  wharf-boat,  on  which  upper  section  of  gaage  is 
fastened,  and  reads  on  gauge  45.  feet. 

No  connection  has  been  made  between  the  gauge  established  by  Gen- 
erals Humphreys  and  Abbot  and  the  present  gauge. 

Oscillation,  47  feet. 

Generals  Humphreys  and  Abbot's  gauge. 


Year. 

High  water. 

Low-water.     . 

7 

Aathority. 

Date. 

Gange- 
readiDg. 

47.5 
46.4 
43.9 
45.7 

Date. 

Gange- 
roadiog. 

1850 

Hnmphreys  and  Abbot,  page  170. 

1851 

April  1 
Juno    8 
July  13 

Nov.  24 

2.2 

Hnmphroya  and  Abbot,  Appendix  B,  p.  31. 

1858 

Hamphreys  and  Abbot,  Appendix  B,  p.  34. 

1858 

Nov.     3 

6.1 

Humpbreys  and  Abbot,  Appendix  B,  p.  46. 

Present  gauge. 


1867. 
1871. 


1872. 
1873. 
1874. 

1875. 
1876 


May  6 
June  12 
April  16 

May  3 
May  15 


46.33 
44.5 


39.42 
'39.02 
*47.00 

40.45 
45.41 


Dec.   31 


Dec.  15 
Jan.  1 
Nov.  22 

Jan.     1 


2.05 


*0.00 
1.50 
1.90 

6.00 


Mivjor  Merrill.  (Chief  of  Engineers*  Report 
1872,  page  434  ) 

High-wat'Cr,  Major  Merrill,  (Chief  of  Engi- 
neers' Report,  1872,  page  434 ;  low-water, 
Major  Merrill,  (water-gaage  records.) 

Mqjor  Merrill,  (water-gaage  records.) 
Do. 

High-water,  M«1or  Merrill ;  low-water,  Ca[>- 
tain  Benyaord,  (water-gaage  reoords.) 

Captain  Benyaord,  (water-gaage  reoords.) 
Do. 
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ROOK  ISLAND  GAUGE. 

From  January  1, 1860,  tx)  December  31, 1870,  observations  were  taken 
by  the  Rock  Island  and  Pacific  Railroad  Company  on  a  gauge  located 
on  the  pivot-pier  of  the  old  railroad-bridge.  From  January  1,  1871,  to 
September  30,  1871,  observations  were  taken  under  the  direction  of 
Colonel  Macomb,  U.  S.  B.  In  October,  1871,  Major  Merrill  established 
the  present  gauge,  and  states  in  his  report  : 

This  gauge  is  cut  into  the  stone  pivot-pier  of  the  United  States  railroad  and  high- 
way hridge,  and  for  its  construction  I  am  indebted  to  Colonel  Macomb  and  Captain 
Stickney,  of  the  Engineers. 

In  1872  inspected  by  Major  Merrill.  From  October,  1871,  to  May, 
1873,  Mr.  A.  M.  Scott,  C.  B.,  was  the  observer^  and  from  May,  1873, 
Mr.  George  F.  Evans,  who  still  retains  the  position.  The  zero  of  gauge 
on  the  United  States  railroad-bridge  was  placed  at  the  same  level  as 
the  gauge  on  old  railroad-bridge;  authority,  Major  Merrill,  (Chief  of 
Engineers'  Report  1872,  page  429.) 

Bench-mark  No.  1.  The  coping  of  pivot-pier  of  bridge,  which  reads, 
21  feet  on  gauge  and  bridge  levels. 

Oscillation,  16.71  feet. 


Year. 

High-water. 

Low-water. 

Authority. 

Date. 

Gauge- 
reading. 

Date. 

Gange- 
readmg. 

I860 

Deo.  35 
April  27 
May    4 
May    1 
Feb.  39 
Mar.    4 
May     4 
Jane  98 
Mar.  10 
Oct      9 
April  34 
May  15 
May  98 
May    6 
Mar.  10 

April  30 
May  10 

13.13 
14.79 
15.79 
&63 
a  46 
11.08 
15.67 
14.33 

tn.oo 

18.92 
*16.71 
13.85 
9.30 
19.15 
14.90 

19.95 

laio 

Nov.  29 
Deo.     5 
Deo.     8 
Jan.     9 
Sept    9 
Deo.   11 
Oct    20 
Deo.     6 
Aug.  96 
Deo.     8 
Deo.  91 
Nov.  98 
Nov.  94 
Nov.  94 
Deo.    9 

Nov.  97 

0.88 
0.88 
0.39 
0.63 
*0.00 
1.04 
1.71 
0.99 
1.58 
9.33 
1.99 
0.60 
0.65 
0.80 
0.50 

0.10 

Book  Inland  and  Faoiflo  gange-reoords. 
Do. 

1861 

1869 

Do. 

1863 

Do. 

1864 

Do. 

1865 

Do. 

1868 

Do. 

1867 

Do. 

1868 

Do. 

1869 

Do. 

1870 

Do. 

1871 .. 

1872 

Mi^or  Merrill,  (water-gauge  reoords.) 
Do. 

1873 

Do. 

1874 

High-water,  Major  Merrill ;  low-water,  Cap- 
tain Benyanrdf,  (water-gauge  records.) 
Captain  Benyaord,  (water-gauge  reoords.) 
Do. 

1875 

1876 

t  This  rise  waa  oauaed  by  an  ice-gorge,  and  conaequently  not  taken  as  a  standard  of  reference. 

SAINT  LOUIS  GAUGE. 

Becords  were  kept  by  the  city  of  Saint  Lonis,  at  irregular  intervals, 
extending  back  to  the  year  1844.  From  1860  to  1871,  with  few  excep- 
tions, observations  were  taken  daily,  and  copies  of  these  records  were 
obtained  by  Major  Merrill.  No  gaage  was  erected  by  the  city,  the 
observations  being  taken,  by  an  engineer,  with  a  level.  From  October 
16,  1871,  to  July  1,  1873,  under  the  direction  of  Major  Merrill,  observa- 
tions were  taken  from  a  gauge  erected  on  the  elevator.    In  December, 

1873,  a  gauge  was  erected,  under  the  direction  of  Major  Merrill,  by  Mr. 
Julius  Rapp,  assistant  city  engineer,  the  location  being  opposite  No.  4 
South  Main  street.  In  October,  1871,  Mr.  Jacob  Leopold  was  appointed 
observer,  and  still  retains  the  position.  The  city  directrix  reads  on 
gauge  33.81  feet;  authority,  Major  Merrill,  (Ghlef  of  Engineers'  Report 

1874,  page  488.) 
Oscillation,  41.39  feet. 
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High-water. 

Low-water. 

Year. 

Date. 

Gause- 
reading. 

Date. 

Oauge- 
reading. 

Authority. 

1826 

33.81 

*41.39 

36.61 

37.21 

City  of  Saint  Lonia  gauge-reoords. 
Do. 

1844 

June  27 
June  10 
June  15 

1851 

Do. 

1858 

Do. 

I860 

Dec.   27 
Jan.     1 
Jan.     8 
Deo.   21 
Jan.     2 
Feb.     2 
Deo.  21 
Dec.   19 
Jan.    14 
Jan.     2 
Dec.   24 
Dec.   21 
Dec.     4 
Nov.  30 
Dec.    31 

0.60 
1.33 
3.48 
*0.00 
1.22 
1.19 
5.79 
1.27 
0.85 
5.G1 
5.26 
2.84 
2.50 
3.87 
2.M) 

Do. 

1861 

May  15 
April  26 
Mar.    4 
May  14 
July  28 
April  25 
May    1 
May  14 
July  24 
April  16 

25.47 
31.45 

iao2 

20.33 
26.81 
26.77 
2a  21 
24.19 
29.31 
26.21 

Do. 

1862 

Do. 

1863 

Do. 

1864 

Do. 

1865 

Do. 

1866 

Do. 

1867 

Do. 

1868 

Do. 

1869 

1870 

Do. 
Do. 

1871 

M^for  Merrill,  (water-gauge  records.) 
Do. 

1872 

June  12 
AprUlI 
June  20 

Aug.    3 
May   10 

23.00 
25.  4.'> 
ia40 

29.80 
32.06 

1873 

Do. 

1874 

Hish-water.   Captain    Merrill :     low- water. 

1875 

1876 

Jan.     3            ii.  30 

1 

Captain  Beuyaurd.  (water-gauge  recordft.) 
Captain  Benyaurd,  (water-gauge  records.) 
Do. 

VICKSBURa  GAUGE. 


la  1853  a  ^auge  was  establislied  by  Generals  Humphreys  and  Abbot 
at  the  foot  of  Crawford  street,  and  from  February  17,  1858,  to  Septem- 
ber 12,  1859,  observations  were  taken  by  Lleat.  H.  S.  Patnam  and  Mr. 
H.  A.  Pattison,  0.  E.,  Mr.  J.  J.  Conway  and  Mr.  A.  Y.  Nolley.  In  De- 
cember, 1871,  a  gauge  was  erected  by  Major  Merrill  on  the  elevator  build- 
ing. In  December,  1872,  inspected  by  Lieutenant  Mahan,  U.  S.  B.  In 
December,  1874,  rebuilt  by  Mr.  Joseph  Burney,  C.  E.,  and  in  Novem- 
ber, 1875,  inspected  by  Mr.  T.  W.  Nicol,  C.  E.  Prom  December,  1871, 
to  June,  1872,  the  observer  was  Mr.  H.  G.  Fairchild.  From  June,  1872, 
to  October,  1874,  Mr  D.  P.  Fithian,  and  from  October,  1874,  Mr.  George 
W.  Bausmau,  jr.,  who  still  retains  the  position. 

Benchmark  No.  1,  (Merrill,  1871.)  An  iron  spike  driven  into  wall 
northwest  corner  of  the  Prentiss  House,  (being  the  height  of  high-water 
of  1862 ;)  reads  51.10  feet. 

Bench-mark  No.  2,  (Burney,  1874.)  On  lower  projecting  coarse  of 
buttress  east  of  main  door  of  Catholic  churchy  reads  on  gauge  183.61  feet. 

Bench-mark  No.  3,  (Burney,  1874.)  The  projecting  course  of  bricks 
near  iron  pillar  on  southeast  corner  of  brick  building  comer  of  South 
and  Washington  streets,  belonging  to  Mr.  John  A.  Klein;  reads  on 
gauge  158.87  feet. 

No  connection  has  been  made  between  the  gauge  established  by  Gen- 
erals Humphreys  and  Abbot  and  the  present  gauge. 

Oscillation,  52.40  feet. 
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Generals  Humphrej/8  and  Ahhofa  gauge. 


• 

High-water. 

Low-water. 

Year. 

Date. 

Oauge- 
readmg. 

Date. 

Gauge- 
reading. 

Authority. 

1828 

47.7 
47.5 
47.7 
4&4 
48.3 
40.6 

Humphreys  and  Abbot,  page  170. 
Do. 

1844 

Jane  38 
April  26 
June    4 
June  26 
April  31 

1849 

Do. 

1850 

Do, 

1858 

Oct.    31 

8.6 

Humphreys  and  Abbot,  Appendix  B,  p.  44. 
Humphreys  and  Abbot,  Appendix  B,  p.  49. 

1850 

Preeent  gauge. 


1868. 

1867. 
1871. 
1872. 
1873. 

1874. 

1875. 
1876. 


May  2 
May  29 
May    2 

April  21 
M!ay  10 


•51. 10 
49.02 


39.50 
40.60 
45.70 

43.00 
44.90 


Dec.  31 
Deo.  30 
Jan.  1 
Nov.  16 

Nov.  13 


—0.38 

*— 1.30 

2.35 

3.15 

a  10 


M^Jor  Merrill,  (Chief  of  Engineers'  Report 
1872,  page  433.) 

Do. 
M%)or  Merrill,  (water-gauge  records.) 

Do. 

Do. 
High-water,    M^jor     Merrill;     low-water, 
(japtain  Benyaurd,  (water-gauge  records.) 
Captain  ISenyanrd,  (water-gauge  records.) 

Do. 


Standard  high  and  low  water  to  which  gauge  is  rrferred,  and  oscillation  at  each  gauge. 


Station. 


Alexandria,  La 

Baton  Rouge,  La 

Cairo.  Ill 

CarroUton,  La 

^Florence,  Ala 

Fort  Leavenworth,  Kans... 

Helena,  Ark 

Jacksonport,  Ark 

Lake  Providence,  La 

Little  Rock,  Ark 

Louisville,  Ky.,  (upper)  — 

Do  (lower) 

Memphis,  Tenn 

Mouth  of  White  River,  Ark 

Nashville,  Tenn 

Natchez,  Miss 

Red-River  Landing,  La 

Rock  Island.  Ill 

StI..ouis,  Mo 

Vicksburg,  Miss 


High-water. 


Year^ 

Date. 

sl 

eg 

1866 
1874 
1867 

April  ie 

36.46 
36.15 
50.97 

1874 
1867 

April' ie 

15.70 
31.08 

1867 

82.06 

1862 
1867 



*  [ 

46.40 
32.83 

1862 

40.87 

1857 

31.00 

1832 

40.76 

1832 

67.50 

1867 

34.80 

1867 

46.80 

1847 

54.67 

1859 
1874 
1870 
1844 
1862 

May 
April  16 
April  24 
June  27 

49.00 
47.00 
16.71 
41.39 
51.10 

Low-water. 


Year. 


1872 
1854 
1871 
1872 
1873 
1871 
1872 
1872 
1879 
1864 
1856 
1856 
1873 
1878 


1872 
1872 
1864 
1863 
1872 


Date. 


Deo.     7 


Dee.  34 
Deo.  27 
Oct.  34 
Nov.  30 
Dec  26 
Dec.  24 
Dec.  39 


Deo.  85 
Dec  38 


Dec  15 
Dec  15 
Sept.  2 
Dec  81 
Dec  30 


8.60 
0.30 
1.00 
1.60 
0.76 
0.00 
0.00 
1.10 
3.85 
0.00 
1.00 
LOO 
0.95 
0.00 
0.00 
0.00 
0.00 
0.00 

aoo 

1.30 


d 

o 


39.06 
35.95 
51.97 
17.30 
31.84 
28.06 
46.40 
33.93 
44.72 
31.00 
39.67 
66.50 
35.75 
46.80 
54.67 
49.00 
47.00 
16.71 
41.39 
52.40 


In  addition  to  the  above  gauges  there  are  others  established  upon 
the  rivers,  the  improvement  of  which  is  under  my  charge,  and  the  daily 
records  kept  in  connection  with  those  mentioned  above. 

Mr.  Samuel  McD.  Vernon,  chief  engineer  lower  levee  district  of  Mis- 
sissippi, furnished  me  with  the  following  data  respecting  the  high- waters 
of  1875  and  1876  compared  to  that  of  1874,  along  the  Mississippi  ft'ont. 
As  a  matter  of  record  they  are  here  inserted : 

1875. — Anstralia,  17  inohes  below  1874. 
Concordia,  18  inches  below  1874. 
Prentiss,  16  inches  below  1874. 
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1875.— Neblett'8,  18  inches  below  1874. 

Cat-fish  Point,  18  inches  below  1874. 

Greenville,  14  inches  below  1874. 

Kggs  Point.  9|  inches  below  1874. 

Lenta,  6^  inches  below  1874. 

Skipwith's,  4  inches  below  1874. 

Hen  Loinood,  4f  inches  above  1874. 
1876.— Austral ia,  2  inches  below  1874. 

Carson^s,  same  as  1874. 

Mouth  of  Arkansas  River,  6  inches  above  1874. 

Neblett's,  6  inches  above  1874. 

Bolivar,  6  inches  above  1874. 

Cat-fish  Point,  7  inches  above  1874. 

Chicot  City,  9  inches  above  1874. 

Arkansas  City,  9  inches  above  1874. 

Gaines's  Landing,  9  inches  above  1874. 

Luna  Landing,  7  inches  above  1874. 

Greenville,  7  inches  above  1874. 

Sunnyside,  6  inches  above  1874. 

Eggs  Point,  4  inches  above  1874. 

Two  cut-offs  occurred  duriug  the  high-water  of  1876:  that  at  Devil's 
Elbow  20  miles  above  Memphis  the  25th  day  of  March,  and  that  at  Yicks- 
burg  on  the  27th  of  April. 

I  seud  herewith  the  gauge-records  for  the  year  ending  June  30, 1876, 
and  also  hydrographs  of  the  gauges  on  a  small  scale  for  the  annual  report. 
Hydrographs  on  a  larger  scale  are  also  made  but  retained  in  the  office. 

Money  statement 

Amount  available  July  1,  1875 $5,927  63 

Amount  expended  during  fiscal  year  ending  Jane  30,  1876 4, 390  37 

Amount  available  July  1,  1876 1,537  26 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    5, 000  00 


APPENDIX  L. 

ANNUAL  REPORT  OF  MAJOR  CHARLES  R.  8UTER,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 

30,  1876. 

United  States  ENaiNEER  Office, 

Saint  Louis,  Mo,,  September  23,  1876. 

General:  I  have  the  honor  to  submit  herewith  my  anDaal  report 
upon  the  operations  committed  to  my  charge  for  the  fiscal  year  ending 
June  30, 1876. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  R.  Suter, 
Major  of  Engineers^  U.  8,  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.  A, 


L  I. 

IMPROVING  MISSISSIPPI,  MISSOURI,  AND  ARKANSAS  RIVERS. 

At  the  date  of  my  last  annual  report,  it  was  expected  that  the  funds 
available  would  be  sufficient  for  14  months  of  snag-boat  work,  but  the 
necessity  of  paying  a  claim  of  $18,108.75  to  N.  G.  Thorn,  of  Cindnnati, 
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contractor  for  the  hull  of  the  snag-boat  J.  N.  Macomb,  obliged  me  to 
redace  the  time  to  8^  months,  of  which  5  went  to  the  Mississippi,  1 
month  to  the  Missouri,  and  2^  to  the  Arkansas.  The  work  as  far  as 
carried  out  in  the  Arkansas  was  satisfactory,  but  in  the  Missouri  we 
were  much  impeded  by  the  excessive  high  water.  In  the  Mississippi, 
as  much  relief  was  afforded  as  could  well  be  expected,  as  we  had  only 
one  nearly  worn-out  boat  to  assign  to  the  work.  The  iron  snag-boat 
Macomb  worked  in  the  Missouri  and  Arkansas  Bivers,  and  the  snag- 
boat  S.  H.  Long  in  the  Mississippi. 

MISSISSIPPI  RIVER. 

Operations  in  this  stream  extended  over  that  portion  of  the  river 
lying  between  Yicksburgh,  Miss.,  and  the  head  of  Enterprise  Island, 
above  the  mouth  of  the  Illinois  Eiver. 

The  snag-boat  S.  H.  Long  was  assigned  to  this  field,  and  began  work 
as  soon  as  the  summer  flood  had  subsided.  She  left  Mound  City,  111., 
August  22, 1875,  and  worked  first  up  to  Saint  Louis,  where  she  arrived 
August  31.  Turning  back  from  here  and  working  down,  she  reached 
Vicksburg  October  4,  and  was  again  at  Saint  Louis  on  November  13. 
From  this  date  until  the  19th  she  worked  by  special  request  in  the 
Upper  Mississippi,  removing  some  snags  and  one  wreck.  From  Novem- 
ber 19  to  December  31  she  worked  between  Cairo  and  Saint  Louis,  and 
after  this  time  between  Cairo  and  the  mouth  of  White  Biver.  The  boat 
was  laid  up  and  the  crew  paid  off  January  29,  1876. 

Table  of  work  d<me  in  the  Mieeiseippi  Biver. 
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MISSOUBI  BIYEB. 

At  the  beginning  of  the  fiscal  year  the  snag-boat  Macomb  was  laid  up 
at  Saint  Charles,  Mo.,  waiting  for  the  river  to  fall  sufficiently  to  enable 
her  to  accomplish  good  work,  August  19  she  started  out,  worked  up 
the  river  to  Brunswick,  turned  back  on  the  8th  of  September,  and  ar- 
rived at  Saint  Louis  on  the  25th  of  the  same  month. 

Table  of  work  done  in  the  Mieaouri  Biver, 


Name  of  boat. 


J.  N.  Macomb. 
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ARKANSAS  RIVER. 

The  snag-boat  Macomb  left  Saint  Loois  for  this  stream  December  2, 
1875.  She  entered  Arkansas  Eiver  December  12,  and  worked  over  the 
lower  i)ortion  (172  miles)  of  the  river  till  the  31st  January,  1876.  She 
then  started  for  Moand  City,  111.,  where  she  was  laid  ap  February  15, 
1876. 

Table  of  work  done  in  the  Arkansas  River. 


Name  of  boat. 


J.  N.  Maoomb. 
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Recapitulation  of  work  during  the  fiscal  year  ending  June  30, 1876. 


Name  of  river. 


MisBissippi  River 
MisBonn  River . . 
ArkaoBas  River. . 

Total 


1 

I 

a 


1,913 
456 
545 


2,914 


o 
S  « 


90,373.7 
7. 491. 9 
8,960.3 


36,895.9 


4i 


o 
u 


1,589 

343 

1,874 


3,906 


I 


f 


5 

8 
5 


18 


i 


s 
a 

O 

.a 

a 


3.760 

750 

1,272 


5,788 


OPERATIONS  FOR  THK  OOMINa  S£ASON* 

The  small  amount  of  money  allotted  to  this  work  ($50,000)  will  only 
allow  of  7  months'  snag-boat  work,  of  which  5  will  be  devoted  to  the 
Mississippi,  and  1  month  each  to  the  Missouri  and  Arkansas.  The 
snag-boat  Macomb^  which  is  in  first-rate  order,  will  work  5  months,  the 
remaining  2  months  being  assigned  to  the  snag-boat  B.  E.  De  Enssy. 

I  must  again,  in  closing,  beg  leave  to  call  your  attention  to  the  very 
great  difficulties  under  which  this  work  is  carried  on,  owing  to  the 
worn-out  condition  of  the  greater  portion  of  the  working  boats,  and 
the  difficulty  of  replacing  them  unless  the  appropriations  are  made  on 
a  more  liberal  scale  than  at  present,  for  a  few  years  at  least.  When 
this  work  was  first  started,  5  snag-boats,  of  various  types,  were  deemed 
necessary,  and  were  built  or  purchased.  They  were  all  kept  at  work  to 
advantage  as  long  as  the  necessary  funds  were  provided  for  their  main- 
tenance, and  the  rivers  were  kept  in  better  condition  than  had  ever  been 
done  before.  All  these  boats,  however,  were  built  of  wood,  and  were 
therefore  subject  to  a  rapid  deterioration,  which  was,  of  course,  much 
hastened  by  the  exceedingly  hard  usage  to  which  they  were  necessarily 
subjected  in  the  course  of  their  work.  The  deterioration  in  their  effi- 
ciency was  first  manifested  in  the  increase  of  draught,  due  to  the  water- 
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soakiug  of  the  wood-work  of  the  hulls.  This  increase  of  draught  ren- 
dered it  so  difficult  and  dangerous  to  work  them  in  shallow  streams  like 
the  Missouri  and  Arkansas,  that  as  early  as  1871  my  predecessor,  Lieu- 
tenant-Colonel Baynolds,  recommended  that  the  work  should  be  com- 
menced of  replacing  the  wooden  hulls  by  lighter  and  stronger  ones  of 
iron.  *As  Congress  made  no  special  appropriation  for  that  purpose,  and 
as  the  work  was  imperatively  necessary  and  admitted  of  no  further 
delay,  it  was  finally  decided  to  build  an  iron  hull  for  one  of  the  snag- 
boats  with  funds  drawn  from  the  current  appropriations.  This  boat, 
the  J.  N.  Macomb,  was  completed  in  the  fall  of  1874,  and  has  been  at 
work  since.  She  has  answered  our  expectations  in  all  respects,  being 
of  6  inches  lighter  draught  than  the  wooden  boats  were  when  new,  and 
1^  feet  lighter  than  their  present  draught.  Besides  this,  she  is  strong 
and  handy  and  in  every  way  a  good  working  boat,  and  since  she  came 
out,  in  spite  of  2  years'  hard  service,  she  has  not  required  a  dollar's 
worth  of  repairs.  Meanwhile  the  wooden  boats  have  gone  on  steadily 
deteriorating.  One  was  wrecked  in  Arkansas  Biver  in  1872,  and  the 
others  are  so  thoroughly  worn  out  that  it  is  no  longer  safe  or  even  pos- 
sible for  them  to  perform  the  arduous  work  required  of  them.  They 
need  constant  expenditures  merely  to  keep  them  afloat;  to  bring  them 
up  to  their  original  working  capacity  would  require  about  $50,000 
apiece,  and  no  amount  of  repairs  could  diminish  their  draught  of  water, 
which,  originally  4  feet,  is  now  over  5.  The  iron  boat,  the  Macomb, 
only  draws  3  feet  6  inches,  and,  with  the  experience  gained  in  her  con- 
struction, there  is  no  doubt  in  my  mind  that  another  similar  boat  could 
be  built  which  would  draw  less  than  3  feet.  A  smaller  boat,  with  lighter 
machinery,  also  taken  from  one  of  the  wooden  snag-boats,  could  prob- 
ably be  got  out  on  a  draught  of  about  2^  feet.  These  two  boats  must 
be  furnished  if  the  work  is  to  continue,  and  it  is  highly  desirable  that 
special  funds  should  be  provided  for  this  purpose,  as  the  appropriations 
made  for  several  years  past,  even  if  entirely  available  for  work,  which 
was  not  the  case,  would  have  barely  sufficed  for  the  wants  of  the  river 
commerce,  even  in  its  present  greatly  depressed  condition.  It  should, 
moreover,  be  borne  in  mind  that  if  the  boats  recommended  are  once 
built,  they  will  probably  be  serviceable  for  20  or  30  years  or  longer,  and 
will  meanwhile  require  but  few  and  trifling  repairs,  so  that  every  dollar 
appropriated  annually  for  the  work  can  be  expended  in  the  actual  re- 
moval of  obstructions. 

For  working  in  Upper  Arkansas  and  Missouri  rivers,  and  also  in  White 
and  Saint  Francis,  it  is  very  desirable  that  a  small  light-draught  snag- 
boat  should  be  provided.  The  only  boat  of  this  nature  that  we  ever  h^ 
was  wrecked  in  Arkansas  Biver  in  1872,  and  has  never  been  replaced. 
For  this  service  I  would  recommend  a  stout  iron-hulled  stern-wheel  boat 
similar  to  the  one  recommended  in  my  report  on  the  Upper  Missouri 
Biver.  (See  Appendix  M  3  of  the  Annual  Beport  of  the  Chief  of  Engi- 
neers for  1875.) 

It  seems  also  necessary  to  call  attention  again  to  the  great  importance 
of  the  work  accomplished  by  the  snag-boats  and  to  the  necessity  of  keep- 
ing it  up  constantly  and  efficiently.  No  commerce  can  prosper  which 
is  constantly  threatened  and  harassed  by  dangers  against  which  no 
amount  of  skill  and  foresight  can  provide,  and  yet  our  western  rivers 
are  allowed  to  remain  cumbered  with  snags,  wrecks,  and  other  obstruc- 
tions which  are  a  standing  menace  to  navigation  and  only  too  frequently 
give  rise  to  fearful  accidents,  accompanied  by  great  loss  of  life  and 
property.  The  snags  can  never  be  entirely  eradicated  as  long  as  timber 
grows  on  the  banks  of  the  main  streams  or  their  tributaries;  as  the 
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banks  wash,  the  trees  fall  into  the  stream  and  are  carried  away  to  form 
obstructions  in  distant  localities,  or  remain  where  they  fell,  fringing  the 
shore  nntil  its  gradual  recession  under  the  erosion  constantly  going  on 
leaves  them  as  formidable  obstructions  in  the  channel  of  the  river.  To 
remove  these  requires  constant  labor,  as  the  high  and  low  water  chan- 
nels rarely  coincide,  and  both  are  equally  obstructed;  moreo^fer,  the 
channels  at  any  stage  are  constantly  shifting  and  exposing  fresh  ob- 
structions. To  render  navigation  safe,  it  is  therefore  necessary  that  the 
rivers  should  be  constantly  patrolled  by  boats  which  can  remove  these 
obstructions  as  fast  as  they  appear,  and,  to  a  certain  extent,  prevent 
their  formation  by  clearing  the  banks  of  timber  which  is  in  danger  of 
falling  into  the  river.  No  work  that  can  be  done  will  render  such  im- 
mediate and  appreciable  benefit  to  navigation  as  th^  removal  of  snags 
and  wrecks  from  the  rivers,  and  it  must  form  a  part  of  any  plan  of  per- 
manent improvement  which  may  be  adopted.  1  have  submitted  here- 
with an  estimate  of  the  cost  of  constructing  the  three  snag-boats  referred 
to,  and  it  is  most  earnestly  recommended  that  the  amount  required  be 
appropriated  at  once. 

I  would  also  respectfully  call  your  attention  to  the  desirability  of  more 
specifically  defining  the  aim  and  object  of  this  appropriation  in  its  title, 
in  order  that  such  sums  as  may  be  appropriated  may  go  to  the  work 
itself  and  not  be  liable  to  be  diverted  fbr  totally  different  purposes,  as 
was  done  in  the  river  and  harbor  bill  of  this  year.  I  should,  therefore, 
suggest  that  the  title  of  the  appropriation  be  changed  so  as  to  read, 
^^  For  removing  snags  and  wrecks  from  the  Mississippi,  Missouri,  and 
Arkansas  Elvers." 

ESTIMATE  OF  AMOUKT  REQUIRED  FOR  FISCAL  YEAR  ENDING  JUNE  30,  1878. 

For  building  one  large  iron-hailed  snag-boat  to  carry  machinery  of  one  of 
the  present  wooden  boats (140,000  00 

For  building  one  small  iron-hnlled  snag-boat  to  carry  machinery  of  one  of 
the  present  wooden  boats 105,000  00 

For  bailding  one  small  iron-hulled  stern- wheel  snag-boat 60, 000  00 

For  repairing  one  wooden  snag-boat,  and  fitting  it  up  for  wrecking  pur- 
poses        50,000  00 

For  working  expenses  of  five  boara,  10  months  each,  at  (4,000  per  month . .    200, 000  00 

Total 555,000  00 

'Money  statement 

Amount  available  July  1, 1875 (94, 657  55 

Amount  expended  during  fiscal  year  ending  June  30, 1876 90, 998  57 

Amount  available  July  1, 1876 3,668  98 

Amount  appropriated  by  act  approved  August  14, 1876 100, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,1878.  555, 000  00 


L  2. 

IMPROVEMENT  OF  WHITE  BIVER  ABOVE  JACKSONPORT. 

No  farther  appropriations  having  been  made  for  carrying  ou  this 
work,  the  small  balance  left  over  has  been  expended  daring  the  last 
fiscal  year  in  caring  for  the  snag-boat  and  property  belonging  to  this 
work,  and  in  preparing  the  map  and  report  herewith  submitted. 

As  stated  in  my  last  annual  report,  a  small  surveying  party  was  de- 
tailed to  accompany  the  snag-boat  Thomas  Trunnel  on  her  snagging 
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trip  in  this  river,  to  bring  back  some  definite  information  relative  to 
the  stream,  and,  if  possible,  to  prepare  a  plan  for  its  permanent  improve- 
ment. It  was  expected  that  the  progress  of  the  boat  would  be  slow 
enough  to  allow  of  a  continuous  survey  of  the  stream  being  made,  but 
the  unusual  amount  of  high  water  and  the  severity  of  the  winter  made 
her  operations  so  rapid  and  irregular  as  to  preclude  the  possibility  of 
accomplishing  this  object.  It  was  also  impossible  to  make  the  exami- 
nation at  low  water,  which  is  necessarily  of  the  greatest  importance  in 
so  small  a  stream.  A  map  of  the  river,  derived  partly  from  instru- 
mental surveys  and  partly  from  pilot-bouse  sketches,  was  constructed, 
and  a  tracing  thereof  is  submitted  herewith. 

From  the  information  brought  back  by  the  party,  it  appears  that  the 
alluvial  portion  of  White  Eiver  ends  about  20  miles  above  Jacksouport, 
which  town  is  situated  at  the  mouth  of  Black  Kiver.  From  this  point 
up,  the  stream  rapidly  assumes  the  characteristics  of  a  mountain  torrent, 
the  slope  increasing  rapidly  and  the  valley  becoming  narrower.  This 
latter  is  skirted  by  high  bluffs,  which,  in  some  places  above  Batesville, 
are  not  more  than  half  a  mile  apart.  The  numerous  shoals  are  composed 
of  gravel  and  coarse  sand  in  the  lower  portions  of  the  stream,  while 
loose  bowlders  and  rock  in  place  form  the  principal  obstructions  above 
Batesville.  Two  miles  below  the  latter  place  high-water  mark  reaches 
the  top  of  the  bank  for  the  last  time^  above  there  the  banks  are  10  or  11 
feet  above  this  level.  Floods  are  sudden  and  violent,  and  the  high- 
water  current  is  very  strong,  enabling  the  stream  to  move  heavy  gravel 
with  facility.  The  low- water  discharge  is  very  small,  and  the  current  is 
too  feeble  to  cut  a  channel  through  the  gravel  bars,  which  therefore  re- 
main as  permanent  dams,  the  current  in  the  intermediate  pools  being 
sluggish.  At  some  of  these  shoals,  more  especially  those  which  contain 
rock,  the  great  velocity  of  the  current  at  low  water  is  more  of  an  obstacle 
than  the  actual  lack  of  depth,  some  of  them  being,  from  this  cause, 
almost  impassable  for  the  small  class  of  boats  used  in  the  navigation  of 
the  stream.  In  the  space  of  130  miles  from  Jacksouport  to  the  head  of 
Buffalo  Shoals,  63  shoals  are  reported,  the  minimum  depth  being  6 
inches,  and  the  minimum  width  of  channel  50  feet.  Between  Jacksou- 
port and  Batesville,  39  miles,  19  shoals  are  reported,  only  2  of  which, 
however,  approach  the  minimum  dimensions  stated  above.  As  will  be 
seen  from  the  map,  they  become  very  numerous  as  Buffalo  Oity  is 
approached,  and  the  slope  becomes  very  heavy,  upwards  of  5  and  6  feet 
to  the  mile,  the  bottom  being  generally  of  rock.  Buffalo  Shoal  is  the  worst, 
and  is  a  very  formidable  obstruction.  It  must  be  improved  before  the 
upper  portion  of  the  river  will  be  accessible  at  low  stages.  The  low- 
water  depth  is  only  6  inches,  the  bottom  being  of  rock,  covered  with 
loose  bowlders,  and  the  shoal  is  a  little  over  a  mile  in  length.  The  very 
small  volume  of  water  available,  and  the  serious  nature  of  the  obstacles 
to  be  encountered,  renders  it  imperatively  necessary  that  a  careful  con- 
tinuous low- water  survey  should  be  made  before  plans  or  estimates  can 
be  prepared  with  an^  confidence.  It  is  especially  necessary  that  a  con- 
tinuous line  of  levels  should  be  run,  to  enable  a  low-water  profile  of  the 
stream  to  be  constructed.  An  estimate  for  this  survey  is  submitted 
herewith. 

It  is  plainly  evident  that  the  plan  of  concentrating  the  discharge  of 
the  stream  by  spur  or  longitudinal  dikes,  with  a  view  to  scouring  a  low- 
water  channel  through  the  flood-deposits,  is  entirely  impracticable  here. 
The  gravel  is  brought  down  by  the  floods  in  more  than  sutiicient  quan- 
tity to  flU  up  annually  any  artificial  channels  made,  and  I  do  not  think 
that  the  concentrated  low-water  discharge  would  be  sufficient  to  scour 
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tbroiigh  one  of  these  bars,  even  if  it  coald  act  for  several  seasons  with- 
oat  farther  accretions  to  the  deposit.  Moreover,  the  rock  could  not  be 
moved  by  this  process,  and  the  general  effect  would  probably  only  be 
to  increase  tlie  velocity  of  the  current  already  objectionably  great,  with 
little  or  no  increase  of  navigable  depth.  It  therefore  seems  to  me  that 
the  only  method  available  is  to  leave  the  bars  alone,  and  to  seek  merely 
for  an  increase  of  depth  over  them  by  diminishing  the  local  slope. 

The  profile  of  the  low* water  surface  of  this  river  mW  undoubtedly 
show  a  series  of  nearly  level  reaches,  separated  by  short  and  abrupt  de^ 
scents  over  the  shoals.  The  average  slope  is  probably  not  excessive, 
and,  if  maintained  throughout,  would  give  a  good  and  deep  channel ; 
but  there  are  many  objections  to  seeking  this  result  by  cutting  down 
the  crest  of  the  bars,  even  if  the  plan  were  otherwise  feasible.  These 
shoals  form  natural  dams  behind  which  the  water  is  stored  up  during 
low  water,  and  if  they  did  not  exist  the  stream  would  probably  run 
dry  at  its  lowest  stages.  The  only  plan  practicable  is,  therefore,  to  flood 
the  shoals  at  low  stages  to  a  navigable  depth  and  width. 

Of  the  various  methods  of  accomplishing  this  object,  the  most  obvious 
one  is  to  create  slackwater  navigation  by  locks  and  dams,  bat  this 
system,  in  addition  to  its  costliness,  has  the  disadvantage  of  rendering 
the  stream  impassable  for  boats  which  are  too  large  for  the  locks,  until 
the  water  rises  sufficiently  to  let  them  go  over  the  dams,  or,  roughly 
speaking,  the  river  must  rise  more  than  is  necessary  for  free  navigation 
by  about  the  height  of  the  dams.  In  addition  to  this,  the  gravel 
brought  down  at  high-water  would  eventually  fill  up  or  seriously  shoal 
the  pools  above  the  dams,  rendering  frequent  dredging  necessary  to 
keep  up  the  proper  depth.  I  have  not  the  necessary  data  for  submit- 
ting an  estimate  of  the  cost  of  improvement  by  this  method,  but  it 
would  necessarily  be  great. 

Another  method  which  would  effect  the  same  result  is  that  of  locks 
and  movable  dams,  a  system  which  has  ^und  much  favor  among  French 
engineers,  and  has  been  recommended  for  several  of  our  own  streams. 
This  system  provides  locks  as  in  th^  ordinary  slackwater  navigation, 
but  the  dam,  instead  of  being  a  permanent  obstruction  to  the  stream, 
can  be  removed  in  part  to  allow  the  passage  of  large  boats,  or  can  be 
entirely  removed  to  permit  the  free  discharge  of  the  river  in  floods. 
Many  of  the  objections  to  the  first  method  are  therefore  removed  in  this 
one,  but  its  costliness  and  the  expense  of  operating  it  render  it  unsuitable 
for  any  stream,  the  value  of  whose  commerce  is  not  considerable. 

The  only  method  which  seems  feasible  here  is  to  break  up  the  local 
slopes  and  distribute  them  over  such  distances  as  will  reduce  them  to 
reasonable  limits.  This  can  generally  be  done  by  curving  and  thereby 
increasing  the  length  of  the  channel,  low  dikes  being  run  out  alternately 
from  each  bank  so  as  to  concentrate  the  water  pouring  over  the  crest  of 
the  bar  and  hold  it  up  until  the  requisite  level  is  reached.  These  dikes 
will  not  increase  the  velocity  of  the  current  but  rather  diminish  it,  and 
as  the  flood  will  soon  deposit  gravel  above  and  below  them,  it  is  be- 
lieved that  the  curved  channel-way  thus  set  up  will  be  reasonably 
permanent  and  reliable.  Of  course,  in  time  it  will  be  necessary  to 
raise  the  dikes  and  perhaps  to  extend  them,  but  at  any  rate  the  system 
will  not  simply  result  in  transferring  the  bar  from  the  head  to  the  foot 
of  the  system  of  dikes,  as  almost  invariably  results  when  spur-dikes,  de- 
signed simply  to  increase  the  scouring  action  of  the  current,  are  used. 
For  want  of  definite  information  the  estimate  submitted  herewith  is 
necessarily  only  a  rough  approximation,  but  I  think  it  is  at  least  large 
enough,  and  a  carefully-matured  plan  based  on  a  proper  survey  would 
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very  probably  reduce  it.  We  were  unable  to  obtain  the  extreme  low- 
water  discharge  of  White  River,  but  from  such  observations  as  we  have, 
I  infer  that  it  is  approximately  1,000  cubic  feet  per  second  at  Jackson- 
port,  above  Black  Eiver.  This  should  enable  as  to  maintain  a  channel 
having  75  feet  available  width  and  2J  feet  in  depth,  provided  the 
velocity  be  reduced  to  3  miles  an  hour,  or  4.4  feet  per  second.  The 
proper  slope  to  give  this  velocity  will  vary  according  to  the  natare  of 
the  bottom,  and  the  amount  of  curvature  of  the  channel- way;  it  mnst 
be  determined  experimentally,  but  it  will,  I  think,  be  found  to  approx- 
imate 18  inches  to  the  mile. 

Above  Batesville,  our  information  concerning  the  discharge  is  too 
meager  to  be  depended  on,  but  I  apprehend  that  it  would  hardly  be  safe 
to  count  on  more  than  18  inches  depth  of  channel-way  with  a  width  of 
GO  feet  from  the  head  of  Buffalo  IShoals  to  Sylamore,  the  velocity  being 
increased  to  4  miles  per  hour.  From  Sylamore  to  Batesville  we  can 
probably  obtain  a  channel  2  feet  deep  and  60  feet  wide,  with  the  same 
velocity  of  4  miles  per  hour.  These  minimum  depths,  it  must  be  remem- 
bered, will  be  at  extreme  low  water  only  and  for  probably  only  a  few 
weeks  in  each  year. 

Below  Batesville  the  dikes  should  be  built  of  brush  and  stone, 
anchored  with  piles.  All  the  material  would  have  to  be  moved  aome 
distance,  and  the  depth  of  water  in  which  some  of  the  dikes  would  be 
located  is  considerable.  Above  Batesville,  rock  would  generally  be 
alone  needed,  aud  could  in  most  cases  be  procured  on  the  spot ;  the 
depth  of  water,  tod,  would  be  less. 

I  have,  therefore,  assumed  that  a  linear  foot  of  dike  below  Batesville 
would  cost  $8,  while  above  that  place  the  cost  would  be  $5.50. 

The  following  list  gives  the  various  places  where  work  will  probably 
be  needed,  together  with  the  number  of  linear  feet  of  dike  deemed 
necessary  at  each  place,  and  the  estimated  cost  of  the  same : 

From  Jackeonport  to  BatenHlle, 


Black  Island 

Musis  Shoal 

Haf[Kletooth 

Fortinberry , 

Beaven's  Island ... 
Childer's  Island... 

McGaire's 

Arnold's  Island  ... 

Bill  Magnes 

Saffold's  Island.... 

Koaring  Shoal 

Col.  Magnes 

Cato 

Buffalo  Ford 

Ketherford's , 

iDglis 

Beaver  Island 

Fatty  Bread 

BHteBville  Cat-Off 


Name  of  shoals. 


Amount. 


1-8 


800 
2,050 
1,050 
1,100 

400 
2,050 

450 
1,000 
1,150 
2,500 
1,000 
1,100 
2,000 
1,000 
2,000 
2,000 
1,600 
3,200 

900 


I 


o 


18  00 
8  00 
8  00 
8  00 
8  00 
8  00 
8  00 
8  00 
8  00 
8  00 
8  00 
8  00 
8  00 
R  00 
8  00 
8  00 
8  00 
8  00 
8  00 


o 


a) 


16,  400  00 

16,  400  00 

8,400  00 

8,800  00 

3,200  00 

16, 400  00 

3,600  00 

8,000  00 

9,200  00 

20,000  00 

8,000  00 

8,800  00 

16, 000  00 

8,  000  00 

16,  000  00 

16,  000  00 

12.  800  00 

25,  600  00 

7,200  00 

213,  800  00 


40  E 
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From  JBatesville  to  Buffalo  City. 


Cornwall  Shoals..- 

Lone  Willow  Island 

Wolf  Shoals 

Cackling  Pallet 

O'Neal's 

Hess  &  Ivj' 

Caveutf  r 

Casen  Island  Shoals  1,  2,  and  3. .. 

Hidden  Shoal 

Spring  Eeach  and  Porter  Hodges. 

Dilliard's 

Twin  Creek  and  Bishop's 

Back  Island, 

Harris's 

Langston  and  LoUygogae 

Christwill 

Fish  Trap 

Piney  

Jim  Jeffery 's  

Sam's  and  John  Wolf 

Race  Course 

nndley's 

Tan  Trough 

Beck 

Tom  Morton 

Hoosier  Riffle 

Rapides 

Ezel 

Three  Chute 

Robb 

George  Morton «.. 

Wyth  Adams  and  Matney  Riffle. . 

Buckeye 

Double  Branch  and  MoCubbin's.. 

Mill  Creek 

17eIUe's  Apron  and  BufiGdo  Riffle. 


Amount 231.837  50 


2.000 

$5  SV 

1,300 

5  50 

1,200 

550 

900 

5  50 

850 

550 

1.850 

5  50 

1,200 

5  50 

2,000 

5  50 

1,000 

5  50 

1,500 

5  50 

1,200 

5  50 

1,800 

5  50 

825 

5  50 

1,600 

550 

1,800 

5  50 

500 

5  50 

1,800 

5  50 

700 

5  50 

1,800 

5  50 

1,806 

5  50 

800 

5  50 

1,800 

5  50 

600 

5  50 

1,500 

5  50 

2,000 

550 

1,000 

5  50 

1,600 

5  50 

1,600 

5  50 

1,500 

5  50 

1,200 

5  50 

1.600 

5  50 

1,800 

5  SO 

800 

5  50 

3,  QUO 

5  50 

800 

5  50 

2,000 

5  50 

$11,000  00 
7,150  00 
6,600  00 
4,950  00 
4,675  00 
10, 175  00 
6,600  00 
11,000  00 
5,500  00 
8,250  00 

6.600  eo 

9,900  00 
4,537  50 
8,800  00 
9.900  00 
2,750  00 
9,900  00 
3,850  00 
9,900  00 
9,900  00 
4,400  00 
9,900  00 
4,400  00 
8.250  00 

11,000  00 
5,500  00 
8,800  00 
8,800  00 
8.250  00 
O;  600  00 
8,800  00 
9,900  00 
4,400  00 

16,500  00 
4,400  00 

11,0(N)  00 


Buffalo  Shoal 

Linear  feet  of  dike  needed 3,700 

Cost  per  foot $5  50 

Estimated  total  cost $20,350  00 

From  this  it  will  be  seen  that  the  cost  of  improving  the  river  from 
Jacksonport  to  Batesville  is  estimated  at  $218,800^  from  Batesville  to 
Buffalo  City,  $282,837.50,  and  for  Buffalo  Shoals,  $20,350.  Adding  25 
per  cent,  to  these  sums  to  cover  engineering  contingencies,  they  become 
respectively  $273,500,  $353,546.87,  and  $25,437.50.  To  this  must  be 
a<lded  the  cost  of  necessary  surveys,  which  will  be  $2,925  from  Jack- 
sonport to  Batesville,  and  $6,825  from  batesville  to  head  of  Buffalo 
Shoals,  or  $9,750  for  the  whole  distance. 

There  will,  moreover,  be  needed  at  least  twelve  momths'  labor  of  a 
snag-boat  in  removing  snags  and  other  obstructions,  which,  at  $3,500 
per  month,  would  amount  to  $42,000,  and,  allowing  $6,000  for  necessary 
repairs,  $48,000. 

The  total  cost  of  improvement  would,  therefore,  be  as  follows: 


RECAPITULATION. 

From  Jacksonport  to  Batesville 8*273.500  00 

From  Batesville  to  Buffalo  City 353,546  87 

For  Buffalo  Shoals 25,437  50 

From  Jacksonport  to  Batesville,  (for  surveys) §2, 925  00 

From  Batesville  to  head  of  Buffalo  Shoals/(for  surveys) 6, 825  00 

9,750  00 

For  twelve  mouths*  work  of  suag-boat,  &c 48,000  00 

Total 710,234  37 
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As  regards  the  necessity  for  this  improvement,  it  may  be  said  that  the 
country  bordering  on  this  portion  of  White  River  is  almost  entirely 
dependent  on  water  transportation,  which,  from  the  difficult  character 
of  the  navigation,  is  very  uncertain  and  costly.  If  the  facilities  for 
transportation  and  communication  were  increased,  there  would  no  doubt 
be  a  considerable  emigration  to  this  country,  which  embraces  much 
valuable  cotton  and  mineral  lands.  This  is  especially  true  of  the  sec- 
tion from  Jacksonport  to  Batesville,  to  which  it  would  probably  be 
advisable  to  confine  the  improvement  at  first. 

The  amount  of  the  estimate  for  surveys  and  snag-boat  work,  viz^ 
$57,750,  could  profitably  be  expended  during  the  first  season. 

Money  statement 

Amount  available  July  1, 1875 $7,771  26 

Amount  expended  during  fiscal  year  ending  June  30, 1876 7, 771  26 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 710, 234  37 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     57, 700  00 


L3. 

IMPROVING  WHITE  AND  SAINT  FRANCIS  RIVERS. 

No  appropriation  has  been  made  for  the  improvement  of  these  rivers 
since  1873,  but  as  work  is  much  needed  there  and  will  probably  event- 
ually be  provided  for,  I  submit  herewith  estimates  for  carrying  it  on. 
A  small  iron  stern-wheel  snag-boat  should  be  built  for  this  service. 

SSTIMATE  OF  AMOUNT  REQUIRED  FOR  FISCAL  YEAR  ENDING  JUNE  30,  1878. 

For  baildiujjr  one  stem- wheel  iron  snap:-boat f 60, 000  00 

For  operating  same  ten  months,  at  $4,000 40,000  00 

Total 100,000  00 

Money  statement 

Amount  required  for.fiscal  year  ending  June  30, 1878 $100, 000  00 


L  4. 

SURVEY  OF  THE  MISSOURI  RIVER.  AT  THE  POINT  WHERE  IT  IS  CUTTING 
INTO  THE  KANSAS  SHORE,  ABOVE  SAINT  JOSEPH,  MISSOURI. 

United  States  Engineer  Office, 

Saint  LouiSj  Mo,j  January  25, 1876. 

General:  I  have  the  honor  to  submit  herewith  a  report  on  the  "sur- 
vey of  the  Missonri  Eiver  where  it  is  cutting  into  the  bank  at  or  near  Saint 
Joseph,  Mo.,"  made  ander  my  direction,  by  Mr.  Boehmer,  assistant  en- 
gineer, in  accordance  with  act  of  Congress  approved  March  3, 1875. 

Mr.  Boehmer's  report  and  the  accompanying  maps  give  all  the  infor- 
mation needed  for  a  clear  understanding  of  the  present  state  of  affairs, 
and  it  only  remains  for  me  to  recapitulate  the  main  facts  of  the  case. 
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The  chaoDel  of  the  Missouri  River  formerly  followed  the  deep  bend 
immediately  above  Saint  Joseph,  aud  flowed  along  the  whole  front  of 
the  town,  caving  the  banks  so  badly  that  a  series  of  small  spar-dikes 
had  to  be  bnilt  along  the  city  wharf  in  order  to  save  the  lower  part  of 
the  town.  The  result  of  this  work  was  that  the  river  was  shifted  over 
to  the  Kansas  shore,  which  was  very  badly  eroded,  while  an  immense 
sand-bar  formed  in  front  of  Saint  Joseph.  The  water-way  was  then 
about  3,300  feet  wide,  much  broken  by  bars,  and  the  main  channel  was 
constantly  shifting.  Affairs  remained  in  this  condition  until  July,  1871, 
when  the  construction  of  a  railroad-bridge  at  this  point  was  determined 
on. 

The  accomplished  engineer  of  the  bridge  company,  Col.  E.  D.  Mason, 
very  rightly  concluded  that  the  construction  and  maintenance  of  the 
structure  would  be  impossible  unless  the  course  of  the  river  could  be 
controlled  and  directed,  and  its  waters  confined  to  one  particular  channel. 

The  river  at  that  time  followed  a  tortuous  channel  past  the  east  front 
of  Elwood,  and  flowed  obliquely  over  the  proposed  site  of  the  bridge. 
Colonel  Mason  decided  to  fix  the  channel  along  the  Missouri  shore,  and 
for  this  purpose  a  dike  of  brush  and  stone  (Beard's  dike)  was  run  out 
across  the  channel  from  the  Kansas  shore.  Its  action  was  supplemented 
by  a  smaller  dike  farther  down  stream  (Weaver's  dike)  and  several  small 
temporary  works  above.  The  effect  of  these  dikes  was  to  wash  out  the 
bar  in  front  of  Saint  Joseph,  transferring  the  river  back  to  the  Missouri 
shore,  and  the  channel  below  the  town  has  been  stable  ever  since.  Above 
the  town  it  has  shifted  back  and  forth  a  good  deal,  until  it  has  settled 
into  the  position  shown  on  our  map.  After  the  construction  of  the 
bridge  had  been  completed,  it  was  found  that  rapid  erosion  had  set  in 
on  the  north  side  of  the  point  opposite  the  city,  threatening  not  only  to 
change  the  whole  regimen  of  the  river,  but  even,  if  left  unchecked,  to 
cut  off  the  whole  point  and  leave  the  bridge  on  dry  land.  This  danger 
had  been  foreseen,  but  Colonel  Mason's  death  prevented  the  carryiug 
out  of  any  plan  which  he  may  have  made  to  meet  it.  Three  small  dikes 
have  been  built  along  this  caving  shore,  but  they  are  too  short  and  too 
far  apart  to  offer  much  resistance  to  the  fierce  current  to  which  they 
are  exposed.  The  bank  between  them  has  been  much  eroded,  and  they 
are  now  in  danger  of  being  taken  in  rear  and  cut  off  from  the  shore 
altogether. 

As  before  stated,  the  river  follows  the  Missouri  shore  closely  for  some 
distance  below,  as  well  as  above,  the  bridge.  It  has  ctft  deeply  into  the 
Missouri  bank  below  the  town,  and  has,  in  consequence,  been  sharply 
deflected  against  the  south  side  of  the  Kansas  point.  The  erosion  here 
has  been  very  great,  and  the  point,  thus  attacked  on  both  sides,  has 
been  so  much  narrowed  as  to  excite  grave  apprehensions  lest  it  be 
washed  away  altogether.  The  north  side  of  the  Missouri  point  above 
Saint  Joseph  is  also  caving  badly,  and  there  is  a  possibility  of  a  cut-off 
being  formed  here,  the  results  of  which  would  be  disastrous  in  the  ex- 
treme, and  might  even  involve  the  destruction  of  the  bridge.  I  caused 
this  shore  to  be  surveyed,  so  that  subsequent  measurements  may  deter- 
mine what  the  rate  of  erosion  actually  is.  Until  this  is  known  no  work 
can  of  course  be  recommended  here,  but  it  seems  to  me  that  the  check- 
ing of  this  erosion  must  ultimately  form  part  of  any  plan  of  improve- 
ment. As  regards  the  caving  on  the  south  side  of  the  Kansas  point,  I 
do  not  think  any  work  of  protection  is  at  present  needed.  The  point 
of  impact  of  the  current  is  moving  down-stream,  and  will  soon  reach 
the  bluff's  above  Palermo,  when  the  caving  must  necessarily  cease. 
Should  it,  however,  become  excessive,  tbe  construction  of  a  deflecting- 
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dike  may  be  necessary ;  but  I  do  not  anticipate  that  such  will  be  the 
case.  The  question  at  present  is  therefore  narrowed  down  to  the  pro- 
tection of  the  north  side  of  the  Kansas  point ;  and  to  effect  this  object, 
one  of  two  things  mast  be  done — either  the  shore  must  be  held  where 
it  now  is,  or  else  the  river  must  be  forced  away  from  it.  At  this  time 
only  about  three-flifths  of  the  water  follows  the  bend  from  Belmont 
down,  the  remainder  is  deflected  by  the  rocky  point  above  Belmont  and 
€om^s  down  across  the  bar  joining  the  other  channel  near  the  dikes.  The 
result  is  that  the  right-hand  stream  is  crowded  in  against  the  bank,  and 
this  fact,  coupled  with  the  very  great  velocity — over  5  miles  an  hour- 
accounts  for  the  great  erosion  at  this  point  and  below.  The  scour  is  also 
very  great,  the  water  at  the  ends  of  the  dikes  being  50  feet  deep  at  low- 
water.  The  present  shore-line  and  the  position  of  the  channel  are  very 
good,  and  no  change  would  be  desirable  if  the  erosion  could  be  stopped. 
Nevertheless  it  seems  a  very  direct  way  of  averting  the  danger,  and,  as 
will  be  seen  by  his  report,  Mr.  Boehmer  favors  it  and  submits  a  plan 
and  estimate  for  its  accomplishment.  I  do  not,  however,  recommend 
it,  because  I  can  hardly  think  the  means  proposed  by  him  would  be  ad- 
equate to  insure  entire  success  and  also  because  I  think  that  the  cost 
of  construction  would  much  exceed  bis  estimates,  which  are  based  upon 
Oolonel  Mason's  experience  at  the  other  dikes.  But  it  must  be  remem- 
bered that  the  cases  are  by  no  means  alike,  for  at  the  site  of  Colonel  Mason's 
work  the  channel  was  in  a  state  of  quite  unstable  equilibrium,  and  could 
be  moved  with  comparative  ease  in  any  direction;  but  in  the  deep  bend 
which  we  are  now  considering,  the  position  of  the  channel  is  eminently 
a  stable  one,  and  it  will  be  a  matter  of  far  greater  difQculty  and  expense 
to  move  it  than  it  was  in  the  other  case.  The  question  of  the  depth  to 
which  the  dikes  will  settle  is  a  very  important  one,  and  there  seems  to 
be  small  hope  for  expecting  them  to  stop  much  short  of  bed-rock. 
Beard's  dike  settled  until  it  reached  a  stiff  layer  of  clay,  at  a  depth  of 
36  feet  below  low-water.  The  small  dikes  at  the  point  we  are  considering 
have  their  ends  in  50  feet  depth  at  low-water.  The  bed-rock  is  probably 
■about  25  feet  deeper,  and,  judging  from  the  amount  of  settling  which 
has  already  taken  place,  the  dikes  must  eventually  reach  it.  This  con- 
tingency might  therefore  greatly  increase  the  cost  of  Mr.  Boehmer's 
proposed  plan,  even  if  it  proved  adequate  to  accomplish  the  end  pro- 
posed ;  and  on  this  point,  as  I  said  before,  I  am  in  much  doubt.  If  it « 
were  deemed  preferable  to  advance  the  shore-line,  I  should  recommend 
beginning  at  a  point  about  6,500  feet  below  Belmont  and  building  out 
a  series  of  dikes — as  shown  on  the  acjcompanying  plan — short  at  first, 
and  growing  gradually  longer,  their  heads  reaching  out  to  the  desirea 
shore-line,  and  their  distance  apart  so  proportioned  as  to  protect  the 
bank  between  them.  This  distance  must  be  largely  a  matter  of  con- 
jecture, our  only  source  of  information  being  the  dike  built  by  Mr.  0. 
Shaler  Smith,  at  Saint  Charles,  Mo.,  which  was  reported  as  protecting 
3f  times  its  length  of  shore,  viz,  2^  below  and  I4  above.  Taking  this  as 
our  standard,  my  estimate  for  the  work  would  amount  to  $161,000,  the 
cost  per  foot  of  dike  being  the  same  as  assumed  by  Mr.  Boehmer.  Of 
course  this  cost  as  in  his  plan  might  be  greatly  increased  by  the  settling 
of  the  dikes,  and  it  is,  moreover,  not  impossible  that  eddies  might  form 
between  the  dikes  and  cut  away  the  bank  as  is  being  done  at  present, 
and  then  a  revetment  would  be  necessary.  In  view  of  the  uncertainty 
attending  the  use  of  dikes,  I  am  more  disposed  to  favor  the  direct  pro- 
tection of  the  bank,  at  least  at  the  point  where  it  is  caving  so  badly ; 
and  for  this  purpose  I  would  recommend  the  use  of  substantial  brunh 
mattresses,  of  as  large  dimensions  as  can  conveniently  be  handled,  to 
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be  sunk  against  the  bauk  and  covered  with  a  depth  of  stone  sufficient 
to  retain  them  in  place  and  make  them  conform  to  the  shape  of  the  bot- 
tom. This  protection  should  begin  about  10  feet  above  low-water  and 
extend  out  till  the  maximum  depth  is  reached.  The  average  width  of 
this  apron  will  be  about  60  feet,  and  the  length  of  shore  to  be  protected 
6,400  feet,  which  includes  the  work  needed  to  secure  the  present  dikes. 
The  cost  per  foot  of  shore  is  taken  at  $23.44.  This  work  will,  I  Miink^ 
prove  an  efficient  protection,  and  even  if  changes  iu  the  direction  of  the 
channel  above  or  below  should  occur,  the  usefulness  of  the  proposed 
revetment  would  still  remain. 

Whichever  plan  be  adopted,  other  works  may  and  probably  will  event- 
ually be  needed  to  control  the  river  at  this  x>oint;  but  it  would  be  im- 
possible to  estimate  on  them  until  their  necessity  becomes  apparent. 

In  conclusion,  I  must  call  attention  to  the  fact  that  prompt  action  is 
needed  in  the  case;  for,  if  the  dikes  wash  away,  as  seems  very  likely  to 
occur,  a  very  rapid  erosion  of  the  bank  may  be  expected  to  follow,  and 
the  ultimate  cost  of  works  of  protection  will  be  greatly  increased. 

The  following  is  the  estimate  of  the  plan  which  I  propose,  and  the 
whole  amount  should  be  appropriated  at  once,  in  order  that  the  con- 
struction may  proceed  with  the  dispatch  absolutely  necessary  to  secure 
success  in  work  of  this  kind. 

ESTIMATE 

Reye'tment  of  6,400  feet  of  bank : 

6400'  X  60'  X  2^' 

Cl.-— 3L  =  7,500  cords  brush  mattresses,  at  $3  per  cord,  (placed) $22, 500 

6400'  X  60'  X  IV 

^ =  64,000  cubic  yards  stone,  at  $1.75  per  cubic  yard,  (placed).  112, 000 

134, 500 
Excavation,  contingencies,  &o 15,500 

150, 000 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  R.  Suter, 
Major  of  Engineers^  U.  8.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8,  A. 


REPOKTS  OF  MR.  MAX  BOEHMER,  ASSISTANT  ENGINEER. 

1. 

Saint  Louis,  Mo.  ^  July  30, 1875. 

Major  :  I  have  the  honor  to  submit  the  followins^  report  on  the  sorvey  of  the  Mis- 
souri River,  near  Saint  Joseph,  Mo.,  ordered  by  act  of  Congress  approved  March  3, 1875, 
and  assigned  to  my  charge  June  15, 1875. 

The  survey  was  made  during  the  highest  stage  of  water  of  the  June  rise  of  this 
season,  the  Saint  Joseph  Bridge  Company's  gauge  reading  94  feet  6  inches.  This  gauge 
refers  to  a  datum  plane  assumed  at  100  feet  below  the  high  water  of  1844.  A  discbarge 
of  the  river  taken  at  a  stage  of  93.25  shows  the  sectional  area  to  be  38,187'.2  square  feet, 
the  flveiage  velocity  5.02  feet  per  second,  or  3.42  miles  per  hour,  and  the  discharge  per 
second  Si08,618.4  cubic  feet. 

An  accurate  survey  was  made  of  the  point  of  land  opposite  Saint  Joseph  from  Bel- 
mont to  Palermo ;  the  Missouri  shore  was  established  by  triangulation.  A  line  of  levels 
run  the  entire  distance  of  the  shore-line  gives  a  profile  of  the  bank,  and  shows  the 
average  fall  of  the  river  at  that  stage  to  be  0.588  foot  per  mile. 

The  slope  varies  considerably  at  different  points  of  this  distance,  it  being  greatest  at 
a  point  where  it  is  cutting  into  the  narrowest  place  of  the  neck,  in  the  bend  above  Saint 
Joseph.  The  river  here  falls  1.130  feet  per  mile.  The  velocity  in  the  channel  at  this 
point  is  5.55  miles  per  hour,  which  is  a  speed  O.GS  mile  per  hour  greater  than  the 
greatest  velocity  found  at  any  other  point  alon^  the  entire  shore.    The  width  of  the- 
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Deck  of  land  at  the  Darrowest  place  was  found  to  be  4,570  feet.  From  notes  of  previoas 
surveys  it  is  shown  that  since  the  spring  of  1871  the  river  has  cut  away  4*20  feet  in 
the  upper  and  810  feet  in  the  lower  bend,  narrowing  the  neck  1,230  feet  in  4  years.  In 
the  bend  below  Saint  Joseph  the  river  has  not  cut  into  the  bank  at  all  during  tha  last 
high  water,  and  little  danger  is  apprehended  of  any  further  damage  from  this  side, 
especially  as  the  river  is  constantly  and  heavily  cutting  at  a  point'above,  on  the  Mis- 
souri shore,  and  thereby  working  for  itself  a  straighter  channel,  away  from  the  Kansas 
side.  Should,  at  low  water,  the  channel  scour  its  way  back  and  again  hug  the  Kansas 
shore,  a  short  dike  built  at  a  point  marked  A  on  the  map  will  easily  prevent  the  cut- 
ting and  throw  the  channel  toward  the  Missouri  side. 

Therefore,  the  necessity  of  protecting  the  banks  applies  only  to  the  upper  bend.  Re- 
vetment of  the  Kansas  shore,  extending  from  Belmont  to  a  point  3^  miles  below,  is  the 
most  natural  and  surest  protection  to  the  bank,  as  it  leaves  the  river  in  its  natural  bed. 
But  as  this  is  not  the  only  remedy,  and  because  of  its  immense  cost,  revetment  appears 
to  me  to  be  out  of  the  question. 

I  woold  therefore  recommend  the  building  of  two  dikes  with  strong  shore  connec- 
tions, one  at  B  and  the  other  at  C,  as  laid  down  on  the  map.  The  effect  of  these  would 
be  to  throw  the  river  into  its  old  bed  of  1871,  the  channel  striking  the  Missouri  shore 
If  miles  above  the  point  where  it  strikes  it  now ;  this  would  lengthen  the  river,  and, 
therefore,  decrease  its  velocity  at  the  very  point  where  it  is  greatest  at  present.  Not 
till  the  channel  left  the  bed  of  1871  did  the  river  cut  into  the  neck  to  any  extent. 

The  benefit  derived  from  protection  of  the  banks,  for  the  navigation  of  the  river,  is 
of  importance  only  as,  in  a  systematic  improvement  of  our  large  western  rivers,  a  funda- 
mental rule  should  be  to  prevent  a  cut-off  from  taking  place.  The  sudden  fall  and  im- 
mense velocity  produced  by  a  cut-off  is  sure  to  mi^e  great  changes  below,  and  these 
cannot  be  controlled  till  the  river  has  found  its  natural  slope  again. 

The  city  of  Saint  Joseph,  the  Saint  Joseph  Bridge  Company,  and  the  railroads  cross- 
ing the  bridge  are  the  parties  interested  in  stopping  the  encroachment  of  the  river; 
but  so  far  only  the  bridge  company  have  done  anything  to  prevent  it.  They  have 
built  three  spur-dikes  in  the  upper  bend,  as  shown  on  the  map.  These  dikes  are  not 
long  enough  and  too  far  apart  to  prevent  strong  eddies  from  forming  between  them 
and  cutting  away  the  bank  rapidly.  From  their  location  and  their  insufficiently  strong 
connection  with  the  shore,  I  consider  them  liable  to  be  swept  away  or  separated  from 
the  shore  during  high  water.  Should  this  occur,  there  would  yet  be  no  imminent  danger 
of  a  cut-off  taking  place ;  in  fact,  the  improbability  of  it  ever  happening  at  all  is  sus- 
tained by  the  following  reasons  : 

1.  The  point  of  land  under  question  is  of  old  formation,  judging  from  its  high  eleva- 
tion, (it  was  not  overflowed  in  1844,)  and  the  heavy  growth  or  hard  timber  upon  it 

2.  Wells  dug  at  different  points  show  the  existence  of  a  stratum  of  stiff  blue  clay,  24 
feet  below  the  surface.  Still  the  river  at  the  upper  bend  is  evidently  trying  to  decrease 
its  slope  by  lengthening  its  course ;  and  this  can  only  be  done  by  either  forcing  it  back 
into  the  old  bed  of  1871,  or  by  letting  it  cut  further  into  the  neck. 

I  would  recommend  that  before  making  estimates  of  the  cost  of  any  eventual  struc- 
tures during  the  contemplated  low-water  survey  of  the  same  locality,  a  few  borings  be 
made,  to  ascertain  the  nature  of  the  bed  of  the  river,  as  the  continual  sinking  of  the 
dikes  proves  the  existence  of  quicksand  in  the  upper  bend. 

I  conclude  with  the  expression  of  my  obligations  to  the  city  engineer  of  Saint  Joseph, 
Mr.  Thomas  Long,  and  to  the  Saint  Joseph  Bridge  Company,  who,  through  their  super- 
intendent, Mr.  Robert  Gunn,  gave  me  all  possible  assistance  in  my  work. 

beard's  dike. 

This  dike  was  built  in  1872,  and  finished  in  four  months'  time.  It  consists  of  trees  from 
30  to  60  feet  long,  laid  with  their  tops  up  stream,  and  held  in  position  by  four  rows  of 
piles,  driven  10  feet  apart.  A  wall  of  riprap  12  feet  wide  and  3  feet  high  was  built  on 
top  of  the  brush.  The  dike  is  1,800  feet  long,  60  feet  wide  at  the  base,  and  30  feet  at 
the  top,  with  a  depth  of  from  12  to  36  feet.  The  top  of  the  riprap  was  built  to  an  eleva- 
tion of  88. 

It  contains  700  piles,  53,000  cubic  yards  of  brush,  3,000  cubic  yards  of  rip-rap ;  cost, 
including  engineering,  $32,600- 

weaver's  dike. 

This  dike  was  also  built  in  1872,  and  is  of  similar  construction,  with  the  exception  of 
its  height.  It  was  built  6  feet  lower  than  Beard's  dike,  and  only  150  feet  near  shore 
were  raised  to  an  elevation  of  96.  Its  cost,  including  auxiliary  dams  and  dikes,  with 
engineering  expenses,  was  824,400. 

spur-dikes  in  upper  bend. 

These  dike^s  were  built  in  1873,  but  their  continual  sinking^,  and  the  faiit  that  the  ed- 
dies between  them  are  cutting  away  tUo  bauk  ami  eiidaugoring  their  stability,  makes 
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a  Dew  protection  of  brush  and  [riprap  necessary  against  every  succeeding  stage  of  high 
water. 

Original  cost : 

Piliil^,  brush,  and  riprap $7,0*20  39 

Protection  in  1874 5,367  57 

Prottctionin  1875' 6,197  35 

Totatcost  up  to  Jane  26, 1875 18,585  31 

Very  respectfully  submitted. 

Max  Boehktkr, 
Aesistant  Engineer. 
Miy.  Charles  R.  Suter, 

Corps  of  Engineers,  U.  S.  A. 


2. 

Saint  Louis,  Mo.,  December  13, 1875. 

Major  :  I  have  the  honor  to  submit  the  following  report  on  the  second  survey  of  the 
Missouri  River,  near  Saint  Joseph,  Mo. 

This  survey  was  made  during  the  month  of  November,  1875,  at  a  stage  of  the  river 
10  feet  6  inches  lower  than  that  of  the  previous  survey  during  high  water  in  June,  1875, 
and  covers  the  same  ground,  with  an  additional  survey  of  the  neck  situated  above 
Saint  Joseph. 

During  the  last  three  days  of  the  work  the  river  fell  2  feet  6  inches.  This  was 
caused  by  the  gorging  of  the  ice  at  the  dikes  in  the  upper  bend.  A  survey  at  this  low 
stage  would  have  oeen  more  satisfactory,  but  as  all  the  lines  had  been  over  and  most  of 
the  soundings  taken,  I  did  not  feel  at  liberty  to  incur  the  expense  of  a  new  survey. 
The  average  slope  of  the  river  in  the  13  miles  comprising  the  survey  was  determined 
and  found  to  be  0.641  foot  per  mile.  This  is  a  little  over  half  an  inch  per  mile  more 
fall  than  the  river  had  at  its  hi^h  stage.  The  cause  of  this  lies  evidently  in  the  fact 
that  the  range  of  the  Missouri  River  between  high  and  low  water  is  about  20  feet  less 
at  Saint  Joseph  than  at  its  confluence  with  the  Mississippi.  But  the  slope,  althotigh 
increasing,  becomes  more  uniform  as  the  river  falls,  owing  to  the  greater  uniformity  of 
cross-section  at  low  water.  Thi»  shows  itself  very  plainly  at  the  dikes  in  the  upper 
bend,  where  such  great  velocity  and  extraordinary  fall  of  the  river  were  noticed  during 
the  high  stage.  At  the  same  place  now  the  velocity  is  not  greater  than  the  average, 
and  even  0.16  mile  per  hour  less  than  that  in  the  lower  bend,  where  a  speed  of  2.47  miles 
per  hour  was  found.  A  discharge  of  the  river,  measured  at  a  stage  of  83.5,  gives  the  fol- 
lowing figures : 

Average  velocity  =  2.32  feet  per  second ;  1.58  miles  per  hour. 

Cross-section  =  12,173.4  square  feet. 

Discharge  per  second  =28,541.6  cubic  feet. 

The  changes  in  the  river  since  its  high  stage  in  June  are  remarkable  in  some 
respects. 

The  proper  bed  of  the  river  has  narrowed  down  to  a  width  of  from  400  to  800  feet ; 
the  average  velocity  has  decreased  1^  miles  i^er  hour,  while  the  diiference  between  the 
greatest  velocities  observed  at  both  stages  is  fully  equal  to  3  miles  per  hour.  The  bed 
of  the  river  has  changed  greatly,  as  shown  by  the  accompanying  cross-sections,  and 
especially  so  on  the  channel  side  of  the  beuds.  It  is  noticed  that  the  more  the  river 
falls  the  closer  the  channel  will  hug  the  shore.  The  radius  of  the  upper  bend  is  about 
8,200  feet,  which  is  only  300  feet  less  than  the  radius  of  the  entire  beud  in  front  of  the 
city,  although  parts  of  the  latter  have  radii  up  to  10,000  feet.  The  river  in  the  lower 
bend  turns  at  a  greatly  sharper  curve,  and  there  it  has  cut  from  200  to  500  feet  for  a 
distance  of  a  niile.  But  most  of  this  is  below  the  narrow  part  of  the  neck  ;  still  it  has 
decreased  the  width  of  the  same  from  4,570  to  4,400  feet  since  the  high  water  of  June. 
Above,  the  neck  has  been  left  almost  intact,  owing  to  the  dikes,  which,  although  directly 
protecting  only  a  short  distance  above  and  below  them,  still  save  the  entire  bend  from 
severe  encroachments.  The  direct  protection  of  these  dikes  was  apparent  only  below 
them,  and  there  its  extent  was  marked  by  a  shallow  ridge  projecting  30  to  40  feet  into 
the  stream,  and  forming  a  division-line  between  the  current  below  aud  the  eddy  above 
it.  The  length  of  this  eddy  was  about  three  times  the  length  of  the  dike  in  each  case. 
The  length  of  shore  a  dike'  of  the  length  of  X  would  protect  cannot  evidently  be  de- 
termined by  isolated  cases,  as  the  members  of  which  such  equation  is  composed  are  so 
numerous  and  of  such  indefinite  and  inconstant  nature  that  only  by  long  and  fre- 
quent observations  can  numerical  values  be  established  for  them.  One  side  of  such 
equations  would  consist  of  values  for  the  direction  and  velocity  of  the  current,  the 
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natDre  and  material  of  the  bank  and  river-bottom,  the  lonprftadinal  section  of  the  dike, 
the  radios  of  the  bend,  &c.  From  all  information  I  could  gather,  and  from  my  own 
observation,  I  cannot  find  any  special  cause  for  the  encroachments  on  the  neck  at  Saint 
Joseph.  Without  such  special  cause  they  must  be  explained  by  the  nature  of  the 
stream  itself.  Very  slight  obstructions,  as  snags,  or  ice-gorges,  may  cause  the  forma- 
tion of  new  bars  which,  growing  continually,  throw  the  channel  farther  and  farther 
into  shore.  This  happening  above  will  necessitate  similar  changes  below,  and  vice 
versa. 

The  neck  above  Saint  Joseph  is  similar  to  the  one  opposite  that  town.  Although  its 
width  is  still  6,100  feet,  it  is  continually  decreasing,  and,  as  its  formation  is  less  stable 
and  its  elevation  lower,  it  is  in  at  least  as  much  danger  of  being  cut  off  as  the  Saint 
Joseph  neck.  Therefore,  permanent  security  lies  only  in  the  protection  of  both  necks, 
unless  by  the  breaking  of  the  upper  no  serious  damage  should  be  done  to  the  lower 
one,  which  is,  to  say  the  least,  very  improbable.    - 

I  see  no  reason  to  change  the  opinion  expressed  in  my  previous  report  concerning 
the  protection  of  the  neck  at  Saint  Joseph.  It  is  different  in  the  neck  above,  where 
revetment  seems  to  me  the  only  protection  possible. 

I  am  happy  to  bring  to  your  favorable  notice  the  willing  and  efficient  services  of  Mr. 
Frank  Hotchkiss  as  my  assistant  in  both  surveys. 
Very  respectfully, 

Max.  Boehmer, 
Aasieiant  Engineer. 
MaJ.  Charles  R.  Suter, 

Corps  cf  Engineers f  U,  S,  A. 


3. 

Saint  Louis,  Mo.,  January  21, 1876. 

Major  :  As  an  appendix  to  my  previous  reports,  I  herewith  submit  estimates  of  cost 
of  etructures  for  the  protection  of  the  Kansas  shore  in  the  bend  above  Saint  Joseph,  Mo. 

Estimates  are  subjoined  for  two  different  plans. 

The  first  consists  of  2  dikes,  (B  and  C  on  the  map,)  600  feet  long  each ;  the  second 
of  3  dikes,  (B,  D,  and  E,)  respectively  600,  500,  and  300  feet  long. 

The  probable  effect  of  the  first  system  will  be  to  throw  the  channel  away  from  the 
E&nsas  shore  near  and  above  Elwood,  while  from  Belmont  down  to  the  first  dike  the 
channel  will  return  to  its  old  bed  nearer  the  Missouri  shore. 

The  shore  between  the  proposed  dikes  will  be  sufficiently  protected  by  the  spur-dikes 
already  built,  although  the  river  here  wUl  have  received  a  sharper  curve  by  the  changes. 

The  second  system  is  free  from  this  latter  fault,  and  is,  therefore,  recommended  as 
the  better  plan,  although  its  cost  is  about  25  per  cent,  greater. 

The  estimates  are  based  on  the  same  cross-section  for  all  dikes,  as  shown  in  the 
sketch  below,  and  allowance  is  made  for  very  strong  heads  and  shore  connections. 

1st  system— two  dikes. 
Dike  B : 

320  piles,  30  feet  long,  at  18  cents  ner  linear  foot $1,728  00 

5,600  cords  of  brush,  at  |2.50 t... 14,006  00 

5,400  cubic  yards  of  stone, at  $1.75 9,450  00 

25, 178  00 
Engineering  and  superintendence,  10  per  cent 2, 522  00 

Costof  dikeB 27,700  00 

Dike  C  : 

Costof  dike  C .• 27,700  00 

Total  cost 55,400  00 

2d  system— three  dikes. 
Dike  B : 

Costof  dikeB 27,700  00 
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Dike  D : 

280pile8 11,512  00 

4,800  cords  of  brash 12,000  00 

4,700  cubic  yards  of  stone 8, 400  00 

21, 912  00 
Eogineering  and  superintendence,  10 

percent 2,188  00 

24, 100  00    Cost  of  dike  D..      24, 100  00 

DikeE: 

200pile8 1,080  00 

3,300cord8  of  brash 8,250  00 

3,800  cubic  yards  of  stone 6,650  00 

15,980  00 
Engineering  and  superintendence,  10 
percent 1,620  00 

17,600  00    Cost  of  dike  E..       17,600  00 

Total  cost 69,40(J  00 

Very  respectfully, 

Max  Boehmer, 
Assistant  Engineer, 
Maj.  Charles  R.  Suter, 

Corps  of  Engineers,  U,  S,  A. 


APPENDIX  M. 


ANNUAL  REPORT  OF  COLONEL  J.  H.  SIMPSON,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1876. 

United  States  Engineer  Office, 

Saint  LouiSj  Ifo,^  August  26,  1876. 

General  :  I  have  the  honor  to  sabmit  herewith  my  annual  report 
for  the  fiscal  year  ending  Jnne  30, 1876. 

Very  respectfully,  your  obedient  servant, 

J.  H.  Simpson, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  S.  A. 


Colonel  of  Engineers, 


M  I. 

improvement  of  the  MISSISSIPPI  RIVER  BETWEEN  THE  MOUTHS  OF 

THE  ILLINOIS  AND  OHIO  RIVERS. 

BETWEEN  THE  ILLINOIS  AND  MISSOURI  RIVERS. 

The  appropriation  bill  approved  March  3, 1875,  required  that  $15,000 
should  be  expended  within  the  above  limits.  As  the  dam  at  Alton 
Slough  had  been  completed  under  previous  appropriations,  it  was  de- 
cided to  commence  the  construction  of  a  dam  at  Piasa  Island.  Bids 
were  received  for  this  work  June  29, 1875,  of  which  an  abstract  accom- 
panied my  report  for  the  fiscal  year  ending  June  30, 1875.    The  high 
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stage  of  water  prevented  the  commeDcement  of  operations  until  the 
latter  part  of  Angust.  Construction  was  commenced  August  26,  and 
continued  uptil  November  30.  The  dam  is  located  about  600  yards  be- 
low the  head  of  Piasa  Island,  and  extends  from  the  island  to  the  Mis- 
souri shore,  a  distance  of  3,070  feet. 

The  shore  connections  were  secured  by  a  longitudinal  wall  of  riprap, 
and  revetment  of  the  slope  extending  100  feet  below  the  line  of  the 
dam.  The  foundation  of  the  dam  is  completed,  except  for  a  space  of 
400  feet  near  the  middle  of  the  stream,  which  was  occupied  by  a  high 
bar.  At  the  close  of  the  season  the  apron  had  been  raised  to  the 
height  of  low  water,  and  nearly  the  whole  volume  of  water  was  com- 
pelled to  pass  through  the  Illinois  chute.  The  water  over  the  bar  near 
the  head  of  the  island  was  reported  to  h«ave  deepened  from  4J  to  8  feet. 
It  will  be  necessary  to  complete  the  prism  of  the  dam  the  coming  sea- 
son, and  to  fill  the  interval  left  open  last  year.  It  will  also  be  neces- 
sary to  revet  the  head  of  the  island,  which  is  now  exposed  at  low  stages 
to  a  rapid  current.  Estimated  cost  to  complete  the  dam,  $25,000.  The 
expenditures  on  account  of  this  dam  were: 

518  piles $2,158  62 

677.4  cords  brush 1,016  10 

158.51  cubic  yards  spalls 31  70 

7,928.27  cubic  yards  riprap 9,276  07 

EnglDeering  and  contlDgeucies,  29.9  per  ceut 3,728  24 

16, 210  73 

The  river  and  harbor  bill  approved  August  14, 1876,  requires  the  far- 
ther expenditure  of  $15,000  between  the  Illinois  and  Missouri,  of  which 
the  greater  portion,  $13,500,  it  is  proposed  to  expend  in  the  construction 
of  this  dam,  leaving  an  estimated  balance  of  $11,500  to  be  provided  by 
future  appropriations. 

ALTON  DAM. 

This  work  has  remained  in  the  condition  reported  last  year,  except 
that  the  eddies  below  the  dam  have  cut  into  the  bank  below  the  revet- 
ment and  are  enlarging.  The  west  abutment  was  partially  repaired  last 
fall  with  162.31  cubic  yards  of  riprap,  at  a  cost  of  $197.30.  Repairs  and 
extension  of  the  abutments  will  be  necessary  the  ensuing  year,  at  an 
estimated  cost  of  $1,500.  The  repairs  required  are  to  be  made  from  the 
funds  provided  in  the  river  and  harbor  bill  of  the  present  year ;  and  it 
is  not  anticipated  that  further  funds  will  be  needed  for  this  work. 

The  cost  of  this  work  to  date  has  been  : 

6,730  cubic  yards  excavation $1,682  .50 

584  piles 1,223  80 

1,543.82  cords  brush 3,401  80 

12,108.89  cubic  yards  riprap 17, 126  15 

5,637  cubic  yards  spalls 5,637  00 

Labor 739  45 

EDgineering  and  contiugencies,  5.2  per  cent 1,557  75 

31,368  45 
Original  estimate,  $40,000. 
The  length  of  the  dam  is  996  feet. 

SAWYEB  BEND. 

Work  at  this  locality  has  been  limited  to  repairs,  using — 

1,040.31  cubic  yards  riprap,  at  cost  of $1,269  18 

Engineering  and  contingencies • 1^  50 

1, 466  68 
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The  appropriation  of  March  3, 1875,  did  not  warrant  the  extension  of 
this  work  last  year,  and  it  was  thought  that  delay  would  not  be  a  dis- 
advantage, as  the  bend  above  was  being  cut  out  to  a  more  favorable 
shape.  The  cutting  has  progressed  now  as  far  as  is  desirable,  and  it  is 
hoped  that  provision  will  be  made  for  the  continuation  of  the  work  at 
an  early  date. 

To  carry  out  the  recommendation  of  the  board  contained  in  their  re- 
port of  April  13, 1872,  at  this  poidt  requires  the  extension  of  the  pro- 
tection 4,365  feet.  The  original  estimate  was  $142,211.62,  of  which 
$91,981.12  have  been  expended,  leaving  $50,230.50  remaining  to  be  ap- 
propriated, which  will  be  sufficient  to  complete  the  work,  if  made  avail- 
able at  once.  The  small  amount  appropriated  by  the  bill  for  the  pres- 
ent year  will  not  warrant  the  continuation  of  work  at  this  locality. 
The  balance  of  estimate,  $50,230.50,  is  therefore  to  be  provided  by  future 
appropriations. 

The  account  with  this  work  is : 

31,975  cnbio  yards  excavation $5,755  50 

Dredging 11,195  91 

630  piles 3,439  37 

4,942.12  cords  brash 14, 113  40 

30,780.80  cubic  yards  riprap 40,746  00 

2,622.01  cnbic  yards  revetment 4,850  72 

1,210.37  cnbic  yards  spalls  and  macadam 1,391  48 

Labor 1,621  50 

Engineering  and  contingencies,  10.8  per  cent 8,967  24 

91,981  12 
LONG  DIKE  NEAR  VENICE. 

This  work  was  partially  restored  to  its  condition  previous  to  the 
injury  by  ice  in  the  spring'  of  1875.  Complete  repairs  were  prevented 
by  the  high  stage  of  water  in  July  and  August  of  1875.  There  has 
been  expended  during  the  fiscal  year  for — 

2,125.85  cnbic  yards  riprap $2,593  53 

EngineeriDg  and  contiogCDcies 198  00 

2, 791  53 

Bepairs  will  probably  be  required  to  keep  this  dike  at  its  proper 
height  during  the  coming  year  to  the  amount  of  $2,500. 
The  account  with  this  work  is : 

517  piles $3,364  55 

1,944.63  cords  brush 4,893  06 

18, 618.71  cubic  yards  riprap 24,668  45 

Engineering  and  contlDgencies,  10.4  per  cent 3,415  79 

36,341  85 

for  raising  1,460  feet  of  old  dike,  extending  600  feet,  and  construction 
of  T-head.  In  the  original  project  the  extension  of  two  other  dikes 
was  joined  with  this,  in  an  estimate  of  $197,323.90.  These  dikes  it  is 
not  advisable  to  extend  at  present,  nor  until  the  rights  of  riparian  pro- 
prietors are  examined  and  adjusted,  to  avoid  claims  for  heavy  damages. 
1^0  work  can  be  done  here  the  present  year. 

HORSETAIL  BAR. 

The  favorable  results  reported  last  year  at  this  locality  were  not  con- 
tinued during  the  season  of  low  water,  1875.  The  crossing  which  had 
given  trouble  in  previous  years  was  reported  last  year  to  have  deepened 
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aboat  2  feet,  which  deepening  it  was  hoped  might  be.  permanent,  an 
expectation  which  was  but  partially  realized.  Daring  the  high  water  of 
the  sammer  of  1875,  very  extensive  erosions  were  made  from  the  head 
of  Arsenal  Island  and  from  the  Illinois  bank  in  Cahokia  Bend ;  the 
eroded  material  from  these  sources  passed  the  narrow  section  of  river  in 
front  of  South  Saint  Louis,  (Carondelet,)  and  was  dropped  in  the  upper 
part  of  the  wide  expanse  called  Horsetail.  This  deposit  caused  an  ob- 
struction which,  though  called  by  the  old  name,  is  located  1^  miles  above 
the  bar  whose  removal  had  been  the  object  in  previous  years.  At  the 
locality  of  the  new  obstruction  the  depth  had  previously  been  at  least  6 
f§et  at  all  stages.  This  deposit  filled  the  whole  bed  of  the  river  to  the 
height  of  8  or  10  feet  above  the  normal  low-water  plane.  The  dikes 
which  had  been  built  in  the  vicinity  were  raised  to  the  height  of  8  feet 
above  low  water;  therefore,  when  this  new  deposit  was  ma^e  the  dikes 
were  below  its  general  level,  and  could  exert  no  influence  upon  the  cur- 
rents until  the  bar  was  washed  down  to  the  level  of  the  dikes.  When 
this  occurred  the  channel  first  cut  out  a  crooked  course  around  the  head 
of  dike  No.  1,  which  was  difficult  to  follow  ;  later  the  channel  deserted 
this  position,  and.  after  opening  temporarily  at  several  points  in  the  wi^th 
of  the  river,  at  tne  end  of  the  season  crossed  to  the  Illinois  Shore  and 
followed  it  down  to  dike  No.  3 ;  then,  turned  aside  by  the  dike,  it  crossed 
back  to  the  Missouri  Shore.  After  it  had  established  itself  in  this  loca- 
tion, there  was  little  trouble  on  account  of  depth,  but  the  channel  was 
crooked  and  difficult.  The  increased  depth  in  the  final  location  proves 
that  the  channel  had  previously  been  shoal  only  because  it  was  contin- 
ually shifting  its  position  in  the  recently-deposited  bar,  whose  uncom- 
pacted  material  yielded  more  readily  to  the  current  at  the  side  than  at 
the  bottom.  These  movements  of  the  new  bar  involved  the  removal  of 
vast  quantities  of  material,  which  was  again  deposited  at  the  lower  end 
of  the  reach,  and  occasioned  some  trouble  on  the  lower  crossing.  The 
condition  of  the  navigation  showed  the  necessity  of  the  immediate  con- 
str^ction  of  dike  No.  2,  which  was  commenced  in  October,  upon  the  site 
indicated  in  the  project  submitted  April  28, 1873.  The  late  date  of  its 
commencement  did  not  permit  it  being  advanced  far  enough  to  exert  any 
appreciable  influence  last  fall ;  but  it  is  hoped  that  it  will  exert  a  bene- 
ficial effect  the  present  year,  although  it  is  500  feet  short  of  its  contem- 
plated length  of  1,800  feet. 

In  order  that  the  dikes  should  be  able  to  exert  an  influence  upon  the 
channel  at  the  higher  stages,  and  prevent  the  recurrence  of  the  condi- 
tions of  last  year,  it  will  be  necessary  to  raise  them  at  the  shore  ends  to 
the  height  of  a  mean  stage,  and  make  the  profile  a  slope  from  the  bank 
to  the  outer  end  of  the  dikes.  This  change  in  the  profile  was  indicated 
by  the  experience  of  previous  years;  that  of  last  year  proves  that  the 
immediate  execution  of  the  change  is  necessary.  A  survey  of  the  locality 
was  made  at  low  water  in  December,  1875,  which  showed  that  there  had 
been  an  accumulation  of  sand  on  the  Illinois  side  held  by  the  dikes, 
which  corresponded  closely  with  the  line  of  improvement.  This  sand- 
bar was  nearly  of  the  height  of  the  dikes  3,  4,  and  5,  and  extended  from 
No.  3  to  the  head  of  Carroll's  Island.  Nos.  4  and  5  being  nearly  buried, 
must  be  credited  with  having  accomplished  all  that  could  be  expected 
of  them  in  their  incomplete  state. 

The  high  water  in  July,  1875,  afforded  a  severe  test  of  the  experiment 
at  dike  No.  5,  mentioned  in  the  report  of  last  year,  as  the.  water  flowed 
over  the  revetted  sand  embankment  to  the  depth  of  5  feet  without  in- 
juring the  dike;  but,  on  the  contrary,  the  dike  was  strengthened  by 
deposits.    At  the  junction  of  the  earth  embankment  with  the  riprap 
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part  of  the  dike,  near  the  edge  of  the  dry  bar,  the  dike  was  andermiDed, 
aud  settled  about  15  feet  as  a  maximum,  the  breach  being  about  210 
feet  wide ;  this  breach  was  filled,  and  the  earth  embankment  extended 
200  feet  inshore  to  a  connection  with  the  levee.  The  embankment  now 
slopes  from  the  height  of  the  levee  to  8  feet  above  low  water  in  a  dis- 
tance of  1,300  feet.  It  was  contemplated  to  extend  this  dike  last  year 
to  its  full  length,  but  the  site  became  inaccessible  in  September,  and  the 
extension  was  not  begun.  A  part  of  dike  No.  3  settled  during  the  high 
water,  and  required  repairs ;  the  settlement;  was  confined  to  the  400  feet 
nearest  the  Illinois  shore,  where,  when  the  dike  was  commenced,  the 
water  was  20  feet  or  more  in  depth.  The  bottom  here  was  light  sand, 
deposited  probably  in  a  deep  channel  at  some  recent  period.  The  set- 
tlement being  in  deep  water,  a  large  amount  of  material  was  required 
to  close  the  breach.  Dikes  1  and  4  were  not  injured,  and  required  no 
repairs. 

During  the  spring  and  summer  of  1876  the  high-water  deposits  have 
been  similar  to  those  of  1875.  At  the  date  of  this  report  the  only  prac- 
ticable channel  crosses  dike  No.  1  about  midway  of  its  length,  the  outer 
end  of  the  dike  being  buried  in  a  reef.  It  is  probable  that  the  first 
channel  cut  out  will  be  around  the  end  of  the  dike ;  if  so,  the  history  of 
last  year  will  be  repeated.  The  completion  of  dike  No.  2  and  raising  of 
No.  1  is  an  immediate  necessity;  it  is  therefore  proposed  to  apply 
$50,000  of  the  present  appropriation  to  work  at  this  locality. 

The  expenditures  on  account  of  the  several  dikes  at  Horsetail  Bar 
during  the  fiscal  year  ending  June  30, 1876,  were : 

For  dike  Xo.  2: 

254  piles $1,087  86 

1,405.14  cords  brnsh 2,107  70 

9,296.83  cubic  yards  riprap 10,924  19 

114  hoursMabor 22  80 

Engineering  and  contingencies 1,421  48 

815,564  03 

For  dike  No,  3 : 

5,21H.81  cnbic  yards  riprap $6,174  04 

Engineering  and  contingencies 513  41 

$6,687  45 

For  dike  No,  5 : 

3,900.58  cubic  yards  riprap 4,601  01 

182.32  cubic  yards  embauKnient 18  23 

Labor 38  30 

Engineering  and  contingencies 580  00 

5,237  54 

27, 489  02 

Which,  deducted  from  estimate  given  in  transportation-route  report, 
January  23,  1875,  of  $100,000,  leaves  872,510.98  to  be  appropriated. 
The  total  cost  of  the  works  at  this  locality  has  been : 

Dike  No,  1, 1,171  feet  longj  with  T-head,  200'  X  80': 

510  piles $2,953  33 

1,755.25  cords  brush 5,183  00 

12,232.49  cubic  yards  riprap : 17,208  11 

91.29  cubic  yards  spalls 127  81 

Eagineering  and  contingencies,  5.5  percent 1,401  58 

$26, 873  83 

Dike  No,  2,  1,300  feet  long  : 

254  piles 1,087  86 

1,405.14  cords  brush.. 2, 107  70 

9,296.83  cubic  yards  riprap 10,924  19 

114  hoursMabor 22  80 

Engineering  and  contingencies,  10.05  per  cent 1, 421  48 

15, 564  03 
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Dike  No,  3, 1,375  feet  long  : 

249  piles 1,263  43 

371.8  cords  brush 1,366  48 

27,999.56  cubic  yards  riprap 40,896  00 

Labor 329  62 

EugineerinK  and  contingencies,  8.3  per  cent 3, 651  27 

47  506  80 

Dike  No,  4,  2,070  feet  long : 

342  piles 1,483  84 

792.26cord8  brush 2,804  60 

20,876.18  cubic  yards  riprap 31,071  07 

Labor 75  00 

Engineering  and  contingencies,  9.7  per  cent 3,213  66 

■■ 38,648  17 

Dike  No.  5,  2,400  feet  long  : 

242  piles 1,063  65 

743.8  cords  brush 2,087  88 

9,610.98  cubic  yards  riprap 13,618  73 

8,100.32  cubic  yards  embankment 1,977  24 

Engineering  and  contingencies,  8.8  per  cent 1, 651  55 

20, 399  05 

Total 148,991  88 

Unappropriated  balance  of  estimate 72,510  98 

Total  estimated  cost  of  present  project 221,502  86 

DAM  AT  FORT  GHARTRES  ISLAND. 

The  work  at  this  point  was  commenced  in  the  fall  of  1874.  During 
the  last  fiscal  year  the  body  of  the  dam  was  filled  in  to  the  height  of  8 
feet  above  low  water,  except  for  300  feet  at  the  west  end.  It  is  esti- 
mated that  6,500  cable  yards  of  riprap  will  complete  the  dam,  at  a  cost 
of  $9,750.  The  dam  is  1,592  feet  in  length,  and  has  received  material 
during  the  fiscal  year  as  follows  : 

28  piles  for  moorings • $100  94 

10,648.6  cubic  yards  riprap 15,879  88 

1,218.8  cubic  yards  spalls 1,267  55 

Engineering  and  contingencies 1,061  86 

18, 310  23 

The  total  cost  to  date  has  been : 

504  piles 1,957  34 

1,057  cords  brush 2,081  60 

18,625.2  cubic  yards  riprap 28, 588  24 

1,218.8  cubic  yards  spalls '. 1,267  55 

Engineering  and  contingencies,  8.8  per  cent 2,993  13 

36,887  86 

It  is  proposed  to  complete  the  dam  the  present  year. 

The  original  estimate  for  work  in  this  vicinity  was  $75,000. 

TURKEY  ISLAND  DAM. 

This  dam  was  commenced  in  the  spring  of  1875,  and  was  continued 
until  the  chute  became  inaccessible  early  in  the  fall.  The  chute  has  been 
rapidly  filled  by  the  riVer  during  the  last  two  years.  The  dam  is  1,834 
feet  in  length,  and  at  the  time  work  was  suspended  stopped  the  water 
from  passing  at  the  stage  of  7  feet  above  low  water.  It  having  been 
built  upon  shallow  foundations,  considerable  settlement  is  liable  to  take 
place.  Without  settlement,  it  is  estimated  that  7,000  cubic  yards  of  rip- 
rap will  complete  the  dam,  at  cost  of  $11,000. 
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Material  has  been  used  during  tlie  year  as  follows : 

13  piles,  for  mooring $67  78 

278.3  cubic  yards  spalls 289  43 

6,355.9  cubic  yards  riprap 9,560  65 

Eugineering  and  contiugencies 681  24 

10, 599  10 

The  total  cost  of  dam  is : 

41  mooring-piles $206,98 

10, 935.8  cubic  yards  riprap 18,262  45 

278.3  cubic  yards  spalls 289  43 

Engineeriog  and  coutiugeucies,  14.9  per  ceut 2,806  60 

21, 565  46 

Owing  to  the  late  date  of  the  passage  of  the  river  and  harbor  bill,  it 
will  not  be  practicable  to  complete  the  dam  this  year,  as  it  is  inaooessi- 
ble  at  low  stages ;  but  it  is  necessary  to  continue  the  work  so  far  as 
possible. 

Original  estimate  for  works  in  this  vicinity  was  $100,000. 

LIBERTY  ISLAND. 

This  locality  has,  for  several  years,  been  a  great  obstacle  to  naviga- 
tion. The  act  approved  March  3, 1875,  authorized  the  application  of 
$15,000  to  the  locality.  It  was  contemplated  to  close  the  Missouri  chute 
by  a  dam,  and  one  was  located  and  the  construction  of  the  west  abut- 
ment begun;  but  after  the  high  water  of  July  and  August  passed  it 
was  found  that  the  Illinois  chute  was  unnavigable,  and  that  the  tendency 
of  the  channel  was  to  desert  it  altogether.  It  was  therefore  decided  to 
suspend  work  on  the  dam  and  devote  the  season  to  a  revetment  of  the 
Missouri  bank  opposite  and  above  the  head  of  the  island  to  preserve  a 
direction  which  would  be  favorable  if  the  channel  should  take  the  Mis- 
souri chute,  and  prevent  the  cutting  progressing  so  far  as  .to  render  a 
return  to  the  Illinois  chute  impossible.  On  engineering  grounds  alone 
the  Missouri  chute  is  fully  as  desirable,  when  cleaned  of  snags  and 
wrecks ;  but  the  small  town  of  Bockwood  is  situated  on  the  Illinois 
chute,  and  its  interests  should  not  be  sacrificed.  It  is  therefore  deemed 
advisable  to  wait  another  year  before  deciding  which  chute  should  be 
closed. 

In  the  protection  of  the  bank  there  was  expended : 

12  piles,  for  moorings $43  27 

9,596.6  cubic  yards  riprap 14,298  93 

720.2  cubic  yards  spalls * 749  01 

EngineeriDg  and  contingencies,  9.3  per  cent 1, 406  47 

16,  497  68 

For  the  abutment  of  the  dam : 

19.7  cnbic  yards  spalls $20  49 

3,029.9  cubic  yards  riprap 4,646  21 

Engineering  and  contingencies,  8.3  per  cent 387  21 

5, 053  91 

The  excess  over  $15,000  was  taken  from  the  portion  of  the  appropria- 
tion not  specifically  located  by  Congress. 

It  is  very  necessary  that  the  revetment  of  the  bank  should  be  raised 
throughout  the  portion  commenced  last  year,  which  covers  a  front  of 
3,774  feet,  and  the  protection  should  be  extended  2,700  feet  to  a  connec- 
tion with  the  dam  abutment  now  in  place,  at  an  estimated  cost  of 
$20,610. 

The  original  estimate  for  the  locality  was  $100,000. 
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devil's  island. 

The  high  water  of  July  and  August,  1875,  caused  considerable  change 
in  the  condition  of  dike  No.  1  after  the  annual  report  was  written.  The 
foundation  of  the  dike  had  been  completed  in  the  fall  of  1874,  and  the 
dike  raised  to  the  height  of  6  feet  above  low-water  mark ;  but  the  foun- 
dation rested  on  a  sand-bar  whose  surface  for  a  great  part  of  the  length 
of  the  dike  was  above  low- water  mark.  During  the  spring  and  summer 
the  extensive  dry  bar  above  and  attached  to  the  opposite  bank  moved 
down  stream  so  far  that  when  the  water  fell  the  current  drew  across  the 
dike ;  as  a  consequence,  the  foundation  settled.  The  greatest  change 
was  near  the  shore,  where  the  dike  settled  from  6  feet  above  to  30  feet 
below  low  water.  Kear  the  middle  the  change  was  slight,  and  the 
outer  end  was  sunk  irregularly,  varying  from  6  to  15  feet.  The  strong- 
est current  being  along  shore,  the  bank  above  and  below  the  dike  was 
considerably  eroded,  and  it  was  deemed  necessary  to  revet  the  bank  for 
a  distance  of  1,000  feet  above  the  dike ;  of  this  distance  625  feet  was 
protected  during  the  season.  In  this  protection  a  single  mattress  of 
brush  was  sunk,  495  feet  in  length  by  50  feet  in  width,  containing  566.14 
cords  brush.  The  success  of  this  experiment  justifies  the  expectation 
of  a  material  cheapening  of  the  cost  of  protective  works. 

The  channel  last  year  passed  close  around  the  end  of  the  dike,  and  as 
the  bar  above  was  likely  to  continue  to  move  down  stream,  it  was  not 
deemed  advisable  to  repair  the  outer  end  of  the  dike.  The  breach  near 
shore  was  filled  nearly  to  the  final  profile. 

The  foundation  of  dam  No.  1,  in  the  chute  between  Devil's  and  Pica- 
yune Islands,  was  completed,  the  east-shore  connection  secured,  and 
considerable  progress  made  infilling  the  body  of  the  dam.  When  in- 
spected in  June  last  it  was  apparently  undisturbed,  and  the  chute  ap- 
peared to  be  filling. 

At  dam  No.  2,  in  the  chute  between  Picayune  Island  and  the  main 
Illinois  shore,  no  work  was  done  except  to  place  material  previously  de- 
livered. 

The  expenditures  during  the  year  were  : 

Dike  Xo,  1 : 

ryOCiAA  cords  brush 81,986  53 

3,034.51  cubic  yards  spaUs 3,130  24 

17,180.09  cubic  yards  riprap 25,951  32 

Excavation  and  labor 456  56 

Engineering  and  contingencies l^G^S  10 

$33, 162  75 

Dam  No,  1 : 

Excavation  and  labor 8548  36 

652.86  cords  brush 2,245  39 

2,544.28  cubic  yards  spalls 2,e54  41 

9,758.72  cubic  yards  riprap 15,288  57 

167  piles 620  80 

Engineering  and  contingencies 829  10 

22, 38C  63 

Dam  Xo.  2 : 

Labor $33  50 

38  50 

55,587  88 

The  total  cost  of  these  works  is : 

Dike  Xo.  1, 1,000  feet  in  length  and  62ofeet  shore-protectiott  : 

458  piles '. $1,374  00 

2,043  cords  brush 6,802  44 

21,601.43  cubic  yards  riprap 35,556  10 

3,034.51  cubic  yards  spaUs 3, 130  24 

Excavation  and  labor 456  56 

Engineering  and  contingencies,  6.5  per  cent 3, 080  52 

$50.399  68 

41  E 
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Dam  JVo.  1,  length  1,750  feet : 

528  piles 81,703  80 

2,291.86  cords  brush 7,910  95 

15,443.79  cubic  yards  riprap 26.852  80 

2,544.78 cubic  yards  spalls 2,854  41 

Excavation  and  labor 548  36 

Engineering  and  contingencies  8. 1  per  cent 3, 213  74 

Dam  No,  2,  length  350  feet  : 

104  piles 8315  06 

682.98  cords  brush 1,627  73 

2,982.34  cubic  yards  riprap 6,211  24 

Excavation 38  50 

Engineering  and  contingencies  15.7  per  cent 1, 286  65 


43, 084  06 


9,479  18 


102, 963  10 

The  total  estimate  for  works  in  this  locality  was  $250,000,  leaving 
for  future  operations  $147,036.90,  of  which  $47,036.90  will  be  required 
to  complete  the  works  already  begun ;  and  of  this  sum  it  is  proposed 
to  spend  $30,000  the  present  year. 

CLOSma  CAHOKIA  CHUTE. 

Although  the  closing  of  this  chute  is  partially  provided  for  in  the  new 
river  and  harbor  bill,  approved  August  14,  by  a  distinct  clause  and  a 
specific  sum,  the  work  itself  is  part  of  the  general  scheme  for  the  im- 
provement of  the  Mississippi  Biver,  and  bears  a  very  important  relation 
to  the  improvement  of  the  navigation.  When  the  special  report  was 
made,  under  date  of  January  23, 1875,  (see  Beport  of  Chief  of  Engineers 
for  1875,  page  497,  part  1,)  there  was  no  apparent  reason  for  the  opinion 
that  the  immediate  closure  of  the  chute  was  necessary  in  the  interests  of 
navigation.  After  the  date  of  that  report  a  rapid  cutting  away  of  the 
head  of  the  island  commenced,  which  has  progressed  rapidly  since,  and 
furnished  material  for  deposits  which  greatly  obstructed  navigation  at 
Horsetail  Bar.  This  erosion  still  continues.  The  head  of  the  island  has 
been  cut  away  so  much  that  the  head  is  now  nearly  one-half  mile  farther 
down  stream  than  at  the  date  of  the  map  accompanying  the  report.  A 
large  area  of  the  highest  part  of  the  island  has  disappeared.  It  is  now 
of  the  greatest  importance  that  this  erosion  should  be  stopped  and  the 
chute  closed.  The  appropriation  just  made  will  all  be  required  to  revet 
the  island  to  secure  it  from  further  erosion  and  the  consequent  destruc- 
tion of  the  site  for  a  dam.  The  dam  itself  must  await  further  appropri- 
ations. The  original  estimate  did  not  include  the  cost  of  protecting  the 
island,  the  necessity  for  which  was  not  then  apparent.  The  estimate  of 
funds  required  for  the  dam  remains,  $75,000,  all  of  which  should  be 
granted  in  one  appropriation,  as  the  work  is  not  divisible. 

KASKABKIA  BEI9D. 

This  locality  was  made  the  subject  of  a  special  report,  dated  April  28, 
1876,  in  which  an  estimate  was  submitted  amounting  to  $42,000.  The 
late  bill  requires  that  $5,000  should  be  expended  at  this  locality.  It  is 
very  difQcult  to  put  in  language  all  the  reasons  that  conspire  to  render 
the  application  of  small  sums  to  the  control  of  a  mighty  stream  like  the 
Mississippi  wasteful.  I  will  endeavor  to  make  this  case  illustrate  the 
general  principle.  The  extent  of  front  that  it  is  necessary  to  protect  is 
0,000  feet;  the  estimated  cost  is  S7  per  foot,  which  would  suffice  if  all 
the  work  was  provided  for  at  once.    Undertaken  with  the  sum  of  $5,000, 
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the  cost  would  need  to  be  taken  at  $10  per  foot  on  account  of  limited 
amount  of  work ;  therefore  500  feet  would  be  the  extent  of  protection. 
Five  hundred  feet  of  the  length  of  one  of  the  sweeping  bends  of  the 
Mississippi  is  comparatively  but  a  patch,  and  practically  exerts  no  con- 
trolling influence  above  or  below ;  the  protected  front  may  be  held,  but 
the  bank  retreats  both  above  and  below,  and  the  projection  becomes  a 
disturbing  element,  which,  by  creating  eddies,  intensifies  the  destruc- 
tion in  its  vicinity,  when  a  longer  firm  front  would  by  virtue  of  its  length 
restrain  the  eddies  and  deliver  the  current  smoothly  at  the  lower  end. 
The  application  of  so  small  a  sum  cannot  therefore  be  made  where  the 
need  is  greatest,  but  must  be  located  at  the  very  head  of  the  caving 
bank,  entirely  above  the  point  where  the  destruction  is  active,  and  can- 
not extend  far  enough  to  afford  any  relief  to  the  interests  endangered, 
and  whose  influence  has  obtained  the  appropriation.  Since  the  special 
report  was  made  the  caving  has  continued,  and  at  the  apex  of  the  bend 
the  caving  amounts  to  250  yards.  From  the  direction  of  this  recent 
caving  the  danger  of  a  junction  with  the  Kaskaskia  is  less  imminent 
than  when  the  report  was  written,  the  apex  being  now  below  the  point 
of  nearest  approach  of  the  two  rivers.  If  this  work  is  commenced  under 
the  present  appropriation,  its  continuation  next  year  becomes  a  neces- 
sity. If  a  special  sum  is  to  be  set  apart  for  its  continuation  it  should 
not  be  less  than  $25,000  to  accomplish  useful  results. 

PROTECTION  ABOVE  CAIRO. 

A  special  report  upon  this  locality  constitutes  House  of  Eepresenta- 
tives  Executive  Document  126,  44th  Congress,  first  session.  The  esti- 
mate there  given  for  the  protection  of  the  Illinois  shore  is  $172,500,  of 
which  $30,000  is  provided  for  the  present  year,  which  it  is  proposed  to 
apply  at  the  point  of  greatest  danger  to  the  navigation.  For  the  con- 
tinuation of  this  work,  at  least  $30,000  should  be  provided  the  coming 
year. 

I  would  respectfully  call  attention  to  the  fact  that  the  estimates  for 
the  improvement  of  the  Mississippi  Biver  are  divided  into  two  distinct 
parts:  first,  for  deepening  the  channel,  $3,159,200;  second,  for  protective 
works,  $4,000,000.  If  the  purpose  of  Congress  is  to  improve  the  navi- 
gation of  the  river  and  realize  useful  results  at  an  early  date,  the  dis- 
tinction made  in  the  estimates  should  he  observed.  The  deepening  of 
the  channel  precedes  protection  in  order  of  execution  and  importance  to 
navigation.  Protective  works  have  closer  relation  to  individual  and 
local  interests,  and  are  therefore  more  likely  to  be  pressed  upon  the 
attention  of  Congress,  in  efforts  to  secure  specific  sums  for  specified 
localities;  and  it  may  not  be  out  of  place  to  suggest  that  private  jobs 
are  sometimes  brought  forward  under  the  specious  mask  of  public  im- 
provements. If  Congress  is  disposed  to  accede  to  requests  for  the  exe- 
cution of  these  protective  works  in  advance  of  their  logical  and  natural 
order  in  the  scheme  of  improvement,  it  should  be  with  the  understand- 
ing that  all  sums  taken  and  made  applicable  to  the  protection  of  banks 
is  so  much  deducted  from  the  appropriation  for  the  improvement  of  the 
navigation  of  the  Mississippi  River. 

SURVEYS. 

No  extended  surveys  were  made  during  the  year.  Special  examina- 
tions were  made  at  Piasa  Island,  Horsetail  and  Twin  Hollow  Bars,  Lib- 
erty Island,  and  a  resurvey  from  Dickey's  Island  to  the  mouth  of  tbe 
Ohio.    The  cost  of  these  surveys  was  $4,799.90. 
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The  total  expenditure  for  surveys  since  the  organization  of  this  office 
in  1870  has  been  : 

Survey  from  Alton  to  mouth  of  Meramec  River $7,784  S^l 

Survey  at  Cabaret  Island 3,595  07 

Board  of  engineers,  convened  by  S.  O.  No.  20,  H.  Q.  C.  of  E.,  February  7, 1872.        736  91 

Survey  from  mouth  of  Missouri  River  to  mouth  of  Ohio  River 22, 024  91 

Triangulation  from  mouth  of  Missouri  River  to  mouth  of  Ohio  River 21,398  20 

Special  surveys,  local 18,303  30 

Total 73,842  63 

Of  which  $48,008.77  was  specially  appropriated ;  the  balance,  $25,833.86, 
was  borne  by  the  general  appropriation. 

Of  the  above  total  $27,518.21  was  expended  by  my  predecessor, 
Lieut.  Col.  W.  F.  Eaynolds. 

EQUIPMENT. 

As  has  been  stated  in  previous  reports,  the  interests  of  the  work  re- 
quired that  the  Government  should  own  a  portion  at  least  of  the  equip- 
ment needed  to  carry  on  the  work. 

The  equipment  now  on  hand  is  snfl&cient  for  the  needs  of  the  work,  if 
continued  upon  the  moderate  scale  of  the  past.  A  condensed  statement 
of  the  property-account  is  given  for  information.  It  includes  in  the  Dr. 
column  the  charter  and  operating  expenses  of  steamers  and  barges ;  the 
Or.  column  shows  the  value  of  the  services  rendered,  and  the  balance 
column  the  amount  with  which  the  several  classes  of  property  are  now 
charged  upon  the  books  of  the  office. 


Class  of  property. 


Oftioe  farnitnre 

Instraments  and  survey  material 

Five  pile-drivers 

Eighteen  barges  and  two  quarter-boats 

Tools 

Quarters  for  workmen,  shops.  &o 

Two  tow-boats  and  one  steam-tug  and  expenses 

Small  boats 

General  expense  of  property 

Material  and  quarry  privileges 

Total 


Dr. 


$€90  55 

4.  791  80 

15, 144  91 

70. 184  27 

6, 136  52 

4, 734  51 

130, 177  98 

562  82 

13, 556  65 

202,567  65 


448, 747  66 


Cr. 


1390  00 

3.941  80 

5,073  52 

29,  844  81 

4,221  52 

2,556  72 

T3,  775  14 

396  00 

61  16 

200, 605  95 


320,866  62 


Balances. 


$500  55 

850  00 

10,071  39 

40, 339  46 

1,915  00 

2,177  79 

56,  409  84 

166  82 

13,495  49 

1,961  70 


127,  881  04 


ConBtrttctiim  account 


Name  of  work. 


Piasa  Island  dam 

Alton  dam 

Sawyer  Bend  protection. , 

Long  dike 

Horsetail  Bar,  dike  Na  1 
Horsetail  Bar,  dike  Na  S 
Horsetail  Bar,  dike  No.  3 
Horsetail  Bar,  dike  No.  4 
Horsetail  Bar,  dike  Na  5 

Fort  Chartres  dam 

Turkey  Island  dam 

Liberty  Island  dam 

Liberty  Island  protection 
Devil's  Island,  dike  No.  1 
Devil's  Island,  dam  No.  1 
Devil's  Island,  dam  No.  2 

Total 


Amount  ex- 
pended. 


$16, 210  73 
31, 368  45 
91,981  19 
36,341  85 
26,873  83 

15. 564  03 
47,506  80 
38,648  17 
90,399  05 
36,887  86 

21. 565  46 
5,053  91 

16, 497  68 

50,399  66 

43,064  06 

9,479  18 


507,862  04 


Amountre- 
quired  to 
complete. 


125,000  00 

8,631  55 

5«,230  50 

3,656  15 


72, 510  98 

9,750  00 

11,000  00 

* 

96, 610  00 
47,036  90 


254,428  08 


Total. 


$41, 210  73 
40,000  00 

142,211  62 
40,000  00 


921,  502  e6 


46. 637  86 

39,5«{5  46 

5,053  91 

43, 107  68 

150.000  00 


762,290  12 


*  Will  not  be  continued. 
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Dr. 


Engineer  Office,  Cniied  States  Armyf  in  account  toith  United  States, 


Cr. 


To  allotmeDts  from  appropriatioiift  for 
examiimtioDs  and  sarveys  on  north- 
ern and  northwestern  lakes  and 
riverfl,  and  Atlantic  and  Pacific 
coasts,  &c.,  made  prior  to  1873 

To  allotment  from  appropriation  for 
examinations  and  surveys  and  con- 
tingencies of  rivers  and  harbors, 
approved  June  10,1873 

To  appropriation  for  improvement  of 
Mississippi  River  from  Illinois  to 
Miftsoarf,  approved  Jane  10, 1873 

To  appropriation  for  improvement  of 
Mississippi  River  from  Missouri  to 
Meramec,  approved  June  10, 1873. . . 

To  appropriation  for  improvement  of 
Mississippi  River  from  Missouri  to 
Ohio,  approved  March  3, 1873 

To  appropriation  for  improvement  of 
Mississippi  River  from  Ohio  to  Illi- 
nois, approved  June  33, 1874 

To  allotment  from  appropriation  for 
surveys  and  estimates  for  improve- 
ments on  transportation-rentes  to 
the  seaboard,  approved  June  33, 
1874 

To  appropriation  for  improvement  of 
Missisaippl  River  from  Illinois  to 
Ohio,  aporoved  March  .3, 1875 

To  unpua  percentage  on  annulled 
contracts 

To  percentage  due  on  existing  con- 
tracts  

To  amouDt  due  on  nonp  yment  roll. . 


I  By  expenses  of  office 

I  By  general  engineering 

!  By  surveys 

'  By  construction 

$16, 033  07   ;  By  balances  on  account  of  property 
1  By  cash  on  hand  July  1 ,  1P76 

i 
31, 335  70   i 


85.000  00    ' 

■i 
100, 000  00   , 

200,000  00    , 

r 

I 

300,000  00 


10,000  00 

300,000  00 

900  17 

3. 133  38 
330  45 


131, 036  86 

19, 945  58 

73,843  63 

507, 863  04 

137.881  04 

l/i,  734  68 


776, 393  77 


776. 293  77 


The  ori^nal  estimates  for  the  improvement  of  the  Mississippi  Biver 
between  the  Illinois  and  Ohio  Eivers  began  with  an  estimate  contained 
in  the  report  of  a  Board  of  Engineers  (Sited  April  13, 1872,  (Beport  of 
Chief  of  Engineers  for  1872,  page  366,)  which  was— 

For  erection  of  dike  at  Alton  Harbor 840,000  00 

For  protection  of  2  miles  of  Sawyer  Bend 142,211  62 

For  extension  and  raising  of  dikes  in  Northern  Harbor  of  Saint  Lonis....  197, 323  90 

For  survey  between  Alton  and  the  mouth  of  the  Ohio  River 30, 000  00 

Following  this  report.  Congress  appropriated,  by  act  approved  June 
10, 1872— 

For  improvement  of  Mississippi  River  between  the  Illinois  and  Missouri.. .  $25,000  00 
For  improvement  of  Mississippi  River  between  the  Missouri  and  Meramec.  100, 000  00 

and  ordered  a  snrvey  of  the  river  from  the  Missouri  to  the  Ohio,  for 
which  there  was  allowed  $22,584.79. 

The  above  amoant  applicable  to  the  section  from  the  Illinois  to  the 
Missouri  was  applied  to  construction  of  the  Alton  Dam,  and  that  appli- 
cable from  the  Missouri  to  the  Meramec  was  applied  to  the  protection 
of  Sawyer  Bend  and  extension  of  Long  Dike. 

The  survey  from  the  Missouri  to  the  Ohio  was  made,  and  a  preliminary 
report  submitted  under  date  of  December  18, 1872.  In  that  report  esti- 
mates were  given  for — 

Deepening  the  channel  of  the  Mississippi  River  from  the  Missouri  to  the 

Ohio $893,895  00 

For  securing  the  river  in  its  present  channel 2,102,149  00 

Total 2,996,044  00 

Following  this  report,  an  appropriation  was  made  by  act  approved 
March  3,  1873— 

For  the  improvement  of  the  Mississippi  River  between  the  Missouri  and 

Ohio ^ $200,01)0  00 

And  by  act  approved  June  23,  1874 'J00,000  00 
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By  the  act  of  June  23, 1874,  a  survey  was  ordered  of  the  Mississippi 
transportatiou  route,  and  there  was  allotted  for  the  survey  from  the 
Illinois  to  the  Ohio  $10,000. 

The  report  of  this  survey  was  made  January  20, 1875,  and  is  published 
in  Report  of  Chief  of  Engineers  for  1875,  part  2,  page  471. 

In  this  report  an  estimate  was  given  for — 

Improving  the  channel  between  the  mouths  of  the  Illinois  and  Ohio  Rivers.  $3, 159, 200 
For  revetments  between  the  mouths  of  the  Missouri  and  Ohio  Rivers 4, 000, 000 

Total 7,159,200 

This  last  estimate  covered  the  whole  ground  and  includes  the  items 
of  the  preceding  estimates  which  remained  unprovided  for  at  its  date. 

To  arrive  at  the  total  estimated  cost  of  improving  the  Mississippi 
Eiver  from  the  Illinois  to  the  Ohio  it  is  necessary  to  add  to — 

The  estimate  of  1875 $7,159,200 

The  sum  of  appropriations  previously  made 025,000 

Making  an  aggregate  of 7,684,200 

Of  which  up  to  July  1, 1876,  there  has  been  appropriated 725, 000 

Leaving  for  further  appropriations 6,959,200 

A  glance  at  these  figures  will  show  that  at  the  rate  of  $200,000  per 
year,  as  for  the  last  three  years,  thirty-five  years  will  pass  before  the 
appropriations  equal  the  estimates;  the  annual  grant  has  been  less 
than  3  per  cent,  of  the  total  estimate,  and  3  per  cent,  upon  the  original 
cost  would  be  a  very  low  figure  for  the  maintenance  of  the  completed 
work.  It  will  be  readily  understood  that  with  such  small  appropria- 
tions the  completion  of  the  improvement  is  postponed  to  an  indefinite 
but  distant  future,  for  as  progress  is  made  the  expense  of  maintaining 
the  works  will  consume  an  increasing  proportion  of  the  annual  appro- 
priation, and  eventually  take  it  all.  The  estimates  given  were  made 
with  an  allowance  of  but  10  per  cent,  for  contingencies  added  to  the  cost 
of  material.  Examination  of  the  construction  accounts  will  show  that 
the  contingent  items  of  cost  vary  from  5.2  per  cent,  to  29.9  per  cent.;  or 

44  182.88 
taking  a  mean  they  are  equal  to  4153  679  in  =  ^-^^Tifo  P^'^  ^®°t*     '^^^ 

cost  of  administration  is  709  ^ur  71  =  ^-04^3 J^;  and  the  cost  of  general 

19  945.52 
engineering  is  709  5 J5  7^  =  ^-^^y^^.    The  two  last  items  represent  the 

cost  of  an  engineer  office  and  organization,  the  expense  of  which  would 
not  be  perceptibly  increased  if  the  amount  of  business  were  much  larger. 
The  minimum  ratio,  5.2  percent,  for  contingencies  of  construction  could 
easily  be  made  the  mean  rate,  if  means  were  provided  for  a  rapid  exe- 
cution of  each  individual  work  to  completion.  A  large  item  in  con- 
struction account  is  for  transportation  of  material;  the  cost  of  transi>or- 
tatiou  per  unit  depends  in  great  measure  on  the  quantity,  as  every 
business  man  well  knows.  Taking  the  aggregate  of  all  the  items  into 
consideration,  there  can  be  no  question  but  that  $500,000  appropriated 
in  one  year  will  do  as  much  work  as  $600,000  divided  into  three  annual 
sums  of  $200,000  each.  Last,  year  in  estimating  the  amount  required, 
$1,000,000  was  given  as  the  amount  that  could  be  profitably  expended 
during  the  fiscal  year  ending  June  30, 1877.  The  estimate  for  the  year 
ending  June  30, 1878,  is  for  the  least  amount  that  can  be  profitably 
expended^  $500,000. 
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Money  statement. 

Balance  Id  Treasury  of  United  States  Jnly  1, 1875 : 
On  account  of  appropriation  for  improvement  of  Mississippi 
River,  from  the  Illinois  to  the  Ohio,  approved  March  3, 1875 : 

For  application  between  the  Illinois  and  Ohio $136, 000  00 

For  application  between  the  Illinois  and  Missonri 15, 000  00 

Amount  in  hands  of  officer  and  subject  to  his  check, 
July  1, 1875 : 
On  account  of  appropriation  for  improvement  of  Mississippi 
River,  from  the  Missouri  to  the  Meramec,  approved  June  10, 

1872 132  55 

On  account  of  appropriation  for  improvement  of  Mississippi 
River,  from  the  Ohio  to  the  Illinois,  apnroved  June  23, 18/4 : 

For  application  between  Ohio  and  Illinois 3, 082  54 

For  application  between  Missonri  and  Illinois 4, 739  83 

On  account  of  allotment  from  appropriation  approved  June  23, 
1874,  for  surveys  and  estimates  for  the  improvements  recom- 
mended, by  the  Senate  Committee  on  Transportation  Routes 
to  the  Seaboard,  &c.,  to  be  expended  in  the  survey  of  that 
portion  of  the  Mississippi  route  lying  between  the  mouth  of 

the  Illinois  River  and  the  mouth  of  the  Ohio  River 382  50 

On  account  of  appropriation  for  improvement  of  Mississippi 
River,  from  the  Illinois  to  the  Ohio,  approved  March  3, 1875: 

For  application  between  Illinois  and  Ohio 49, 000  00 

$208, 337  42 

Amonnt  expended  during  fiscal  year  ending  June  30, 
1876: 
On  account  of  appropriation  for  improvement  of  Mississippi 
River,  from  the  Missouri  to  the  Meramec,  approved  June  10, 

1872 132  55 

On  account  of  appropriation  for  improvement  of  Mississippi 
River,  from  the  Ohio  to  the  Illinois,  approved  June  23, 1874 : 

Between  Ohio  and  Illinois 3,082  54 

Between  Missonri  and  Illinois 4, 739  83 

On  account  of  allotment  from  appropriation  approved  June 
23,  1874,  for  survevs  and  estimates  for  the  improvements 
recommended  by  the  Senate  Committee  on  Transportation 
Routes  to  the  Seaboard,  &c.,  to  be  expended  in  the  survey  of 
that  portion  of  the  Mississippi  route  lyins  between  the  mouth 
of  the  Illinois  River  and  the  mouth  of  the  Ohio  River. . ....  382  50 

On  account  of  appropriation  for  improvement  of  Mississippi 
River,  from  Illinois  to  the  Ohio,  approved  March  3, 1875 : 

Between  Illinois  and  Ohio 172,958  08 

Between  Illinois  and  Missouri 11,317  24 

192, 612  74 

Amount  available  July  1, 1876,  including  $2,133.38  due 
on  contracts : 
On  account  of  appropriation  for  improvement  of  Mississippi 
River,  from  the  Illinois  to  the  Ohio,  approved  March  3, 1875 : 

For  application  between  Illinois  and  Ohio 12, 041  92 

For  application  between  Illinois  and  Missouri 3, 682  76 

Amonnt  appropriated  by  act  approved  August  14, 1876, 
for  improvement  of  Mississippi  River,  oet ween  the 
Illinois  and  Ohio : 

For  application  between  Illinois  and  Ohio  Rivers 150, 000  00 

For  application  between  Illinois  and  Missouri  Rivers...       15,000  00 
For  application  between  Islands  No.  14  and  No.  15,  near 

the  town  of  Kaskaskia,  111 5,000  00 

For  application  between  the  foot  of  Dickey  Island  and 

the  mouth  of  the  Ohio  River 30,000  00 

Amount  appropriated  by  act  approve<l  August  14,  1876,  for 
improvement  of  the  channel  of  the  Mississippi  River,  oppo- 
site the  city  of  Saint  Louis,  Mo.,  by  the  construction  of  a 
low  dam  across  the  channel  east  of  Arsenal  Island,  known 

as  Cahokia  Chute,  and  in  the  revetment  of  said  island 29, 600  00 

245, 324  68 

Amount  (estimated)  required  for  completion  of  existing  project 6,729,600  00 

Amount  required  for  fiscal  year  ending  June  30,  1878 500, 000  00 

The  collection-district  in  which  the  work  is  located  is  New  Orleans. 
Amonnt  of  revenue  collected  at  the  port  of  Saint  Louis  for  the  fiscal  year  ending 
June  30,  1876,  was  $1,592,407.09. 
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M  2. 

IMPROVEMENT  OF  OSAGE  RIVER,  MISSOURI. 

The  funds  being  exhausted,  and  Congress  making  no  provision  for 
further  work,  no  operations  were  carried  on  for  the  improvement  of  the 
Osage  Eiver  during  the  year. 

Under  authority  from  the  Chief  of  Engineers,  and  agreeably  to  adver- 
tisement, the  floating  and  other  property  pertaining  to  the  improve- 
ment was  sold  at  public  auction  on  the  Ist  of  July,  1875,  the  proceeds 
of  the  same,  less  expenses  of  sale,  being  turned  into  the  Treasury  of  the 
United  States. 


M  3. 

survey  of  the  mississippi  river,  near  kaskaskia,  ill. 

Engineer  Office  United  States  Army, 

Saint  Louis,  Mo.j  April  28, 187G. 

General:  I  send  herewith  a  tracing  of  the  recent  survey,  near  Kas- 
kaskia,  111.,  which  was  made  at  the  request  of  Hon.  William  Hartzell. 
The  tracing  shows  the  lat«  survey  in  black  lines,  and  the  surveys  of 
1873  and  1874  are  shown  in  blue. 

The  request  for  this  survey  was  based  upon  an  apprehension  that  the 
rapid  erosion  would  at  an  early  date  result  in  the  junction  of  the  Mis- 
sissippi and  Easkaskia.  The  survey  was  made  by  Assistant  Engineer 
Charles  8.  True,  from  whose  report!  extract  the  following  description : 

The  shortest  distance  between  the  two  rivers  is  above  the  upper  landing,  and  oppo- 
site the  western  bend  of  the  Kaskaskia  River.  This  distance  on  the  16th  of  March 
was  2,080  feet,  and  on  the  18th  of  March  but  2,040  feet.  The  greatest  erosion  of  the 
bank  has  occurred  in  this  part  of  the  bend,  and  has  been  about  650  feet  in  nineteen 
months.  In  the  lower  part  of  the  bend  the  bank  has  caved  but  little.  At  the  lower 
landing,  Mr.  Stone's  warehouse  has  been  moved  once  since  the  survey  of  August,  1874. 
The  blocks  that  supported  the  rear  of  the  warehouse  in  its  former  position  still  re- 
main in  place,  and  measurements  show  the  distance  the  warehouse  has  been  moved  to 
be  74  feet.  The  rate  of  erosion  of  the  bank  is  irregular.  During  the  northwest  gale  of 
the  16th  and  17th  of  March,  the  bank  opposite  the  upper  cross-line  caved  back  40  fecf, 
and  farther  down  stream  the  caving  was  still  greater.  These,  however,  were  extreme 
days.  Mr.  Chaunte's  warehouse  at  the  upper  landing  was  moved  back  from  the  river 
on  the  15th  of  March,  and  he  was  compelled  to  move  it  again  on  the  IHth,  to  prevent 
its  being  carried  away  by  the  river. 

While  the  Mississippi  has  advanced  towards  the  Kaskaskia  650  feet  in  19  months,  it 
has  made  the  greater  part  of  that  advance  since  the  Ist  of  July,  lti75. 

General  Warren's  map;  made  in  1867,  shows  the  distance  betweeu  the  Mis8is6ip])i 
and  Kaskaskia  Rivers,  where  it  is  now  least,  to  have  been  fully  1^  miles.  I  do  uoc 
know  the  date  when  the  Mississippi  was  as  shown  on  General  Warren's  map,  though 
it  was  probably  some  time  prior  to  the  date  of  the  map.  The  part  of  the  Kaskaskia 
surveyed  this  spring  is  nearly  the  same  now  as  then ;  therefore  the  change  is  due 
almost  wholly  to  the  Mississippi.  General  Warren's  map  shows  a  broad  stream  of 
water  passing  to  the  eastward  of  Ste.  Genevieve  Island,  which  made  the  river  more 
direct  than  now,  and  the  current  must  have  been  more  nearly  parallel  with  the  Illinois 
shore. 

The  present  shape  of  Ste.  Genevieve  Bend  causes  the  water  to  flow  north  of  east, 
and  impinge  strongly  against  the  Illinois  shore,  where  the  Mississippi  is  nearest  tlio 
Kaskaskia.  For  these  reasons  this  part  of  the  Mississippi  is  likely  to  advance  toward 
the  east  faster  in  the  future  than  it  has  in  the  past,  and  it  will  probably  be  but  a  few 
years  before  the  Kaskaskia  will  join  the  Mississippi  in  this  bend.  There  is  one  condi- 
tion under  which  this  will  not  occur.  Should  the  Mississippi  cut  away  the  point  at 
the  foot  of  Ste.  Genevieve  Bend,  so  that  the  current  of  water  will  reach  the  Illinois 
shore  lower  down,  then  the  bend  in  the  Mississippi  will  follow  its  natural  tendency  to 
move  down  stream  and  pass  below  the  bend  in  the  Kaskaskia  River  without  cutting 
it.  It  is  more  probable,  nowever,  that  the  wear  of  the  point  at  Ste.  Genevieve  Boo<l 
will  be  too  slow  to  prevent  a  junction  of  the  two  rivers. 
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What  the  conseqaence  of  a  junctioD  of  the  river  in  Kaskaskia  Bend  may  be,  caiiDot 
be  foretold  with  certainty.  It  is  my  opinion  that  by  the  time  it  will  occar  the  main 
bend  of  the  Mississippi  will  have  moved  so  far  down  that  in  the  low-water  season  the 
part  of  the  Kaskaskia  River  below  the  junction  will  be  bat  an  island  slongh.  The 
kaskaskia  has  a  clean,  well-shaped  channel  from  500  to  600  feet  in  width,  and  excepting 
the  big  bend  at  the  upper  ferry  is  quite  direct  in  its  course  to  its  mouth.  From  Kas- 
kaskia Bend  to  Chester,  by  the  Mississippi  River,  the  distance  is  15^  miles,  while  by  the 
Kaskaskia  River,  as  laid  down  on  General  Warren's  map,  it  is  but  lOf  miles.  At  a  high 
6ta^  of  water  the  cut-off  of  the  Kaskaskia  might  be  so  deepened  as  to  become  the 
main  channel.  At  a  stage  of  the  Mississippi  20  feet  above  low  water,  the  cross-section 
of  the  Kaskaskia  below  the  junction  wouia  be  not  less  than  5,000  square  feet,  and  the 
discharge  between  20,000  and  30,000  cubic  feet  per  second.  The  discharge  of  the  Mis- 
sissippi at  that  stage  is  about  300,000  cubic  feet  per  second,  and  the  cut-oif  would  have 
so  small  a  part  of  this  that  it  might  fill  rather  than  deepen.  This  uncertainty  of  chan- 
nels is  well  illustrated  by  comparing  the  river  as  shown  on  General  Warren's  map 
with  it«  condition  at  the  present  time.  On  the  map  a  broad  channel  is  shown  to  the 
eastward  of  Ste.  Genevieve  Island.  The  main  body  of  the  river  still  crosses  from  the 
lime-kiln,  above  Little  Rock,  to  the  Illinois  shore  at  the  head  of  the  island,  and  the 
eastern  side  of  the  island  seems  the  most  direct  and  probable  place  for  the  channel,  but 
instead  of  being  kept  open  by  the  river  it  has  beeu  filled  with  sand  and  the  water  goes 
round  by  the  less  direct  bend.  The  channel  to  the  eastward  of  Grand  Tower  Island, 
when  General  Warren's  map  was  made,  was  a  narrow  slough,  and  I  have  been  told  by 
jsteam boat-men  that  that  was  its  condition  but  a  few  years  ago.  The  river  has  aban- 
doned the  direct  channel  to  the  eastward  of  Grand  Tower  Island  for  its  low-water 
work,  and  has  changed  the  crooked  narrow  slough  to  the  main  channel. 

Should  the  Mississippi  cut  through  to  the  Kaskaskia  and  fill  the  lower  part  of  the 
latter  river  with  sand, it  would  have  no  injurious  effect  on  commerce;  nor  would  it 
necessarily  have  a  bad  effect  should  the  Kaskaskia  cut-off  become  the  main  channel, 
but  a  division  of  the  river  would  be  decidedly  injurious  to  navigatiou.  To  prevent  a 
division  of  the  river  a  low  dam  could  be  built  across  the  Kaskaskia  below  the  junction, 
And  if  done  before  any  great  amount  of  cutting  of  the  banks  occurred,  its  probable 
cost  would  not  exceed  $35,000.  To  prevent  the  cut-off*  being  made,  a  shore  protection 
of  stone  riprap  can  be  placed  in  the  bend.  This  protection  would  need  be  6,000  feet 
in  length,  and  to  have  5  cubic  yards  of  stone  per  linear  foot,  or  30,000  cubic  yards  of 
stone,  which,  at  $1.40  per  cubic  yard,  would  cost  $42,000.  A  shorter  or  lighter  wall 
would  be  liable  to  be  flanked  or  cut  through  by  the  river  and  become  an  obstruction  to 
navigation. 

The  revetment  of  Kaskaskia  Bend  is  not  imperatively  demanded  by  the  present 
needs  of  navigatiou,  but  as  a  preventive  of  future  bad  results  a  protection  of  the  bank 
may  be  a  good  investment. 

Another  argument  for  a  revetment  at  the  present  time  is,  that  it  would  probably 
preserve  a  better  condition  of  the  channel  and  currents  in  the  river  below  it,  and  so 
help  in  any  future  work  that  may  be  required  in  the  neighborhood  of  Kaskaskia  and 
Saline  Islands.  By  reference  to  the  map  it  will  be  seen  that  the  channel  which  has 
for  several  years  so  persistently  run  up  against  the  foot  of  Fairy  Island,  has  lately 
changed  lower  down  and  goes  direct  to  the  rock  bluff  below  the  Riviere  Aux  Vasses. 
This  channel  is  now  deep  and  direct,  aud  promises  to  be  the  low-water  chanuel  for  the 
present  year.  Anything  that  helx)s  regulate  the  currents  above  will  be  beneficial  to 
this  part  of  the  river. 

Agreeing  with  Mr.  True  iu  his  opinion  that  the  probable  results  in 
case  of  a  junction  will  not  seriously  injure  navigation,  I  do  not  think 
that  a  protection  of  this  locality  is  demanded  now  as  an  improvement 
of  the  navigation,  although  the  protection  of  such  bends,  and  prevention 
of  changes,  such  as  is  apprehended  here,  would  necessarily  follow  the 
improvement  of  the  channel  in  the  vicinity,  as  a  work  of  maintenance. 
Should  any  consideration  be  given  lo  the  preservation  of  valuable  land, 
then  the  matter  would  become  one  of  pressing  importance,  as  several 
thousand  acres  of  the  most  productive  land  in  the  country  are  in  danger; 
but  in  the  absence  of  any  authority  for  the  consideration  of  such  inter- 
ests, I  am  not  at  liberty  to  recommend  an  appropriation  for  the  protec- 
tion of  this  locality  at  present. 

Very  respectfully,  your  obedient  servant, 

J.  H.  SnIPSO^^ 
Colonel  of  Engineers,  U.  8.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineer 8 y  U.  JS.  A. 
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M  4. 

survey  of  the  mississippi  river  in  the  vicinity  of  cairo. 

Engineer  Office,  United  States  Army, 

Saint  LouiSj  Mo.j  February  5, 1876. 

General  :  I  have  the  honor  to  forward  herewith  a  tracing  of  a  com- 
parative map  of  the  Mississippi  Elver  in  the  vicinity  of  Cairo,  showing 
the  changes  during  the  interval  between  July,  1874,  and  November, 
1875. 

The  shore-lines  in  black  are  those  given  by  the  survey  made  in  No- 
vember, 1875 ;  those  shown  in  yellow  are  from  careful  topographical 
sketches  made  at  the  time  the  triangulation  was  made  in  July,  1874. 
The  rapid  erosion  of  the  Illinois  shore  opposite  Eliza  Towhead  has 
caused  great  alarm  to  the  citizens  of  Cairo,  and  fear  that  the  Missis- 
sippi may  continue  to  work  its  way  toward  a  junction  with  the  Ohio 
above  the  city,  and  leave  the  city  on  an  island,  both  sides  of  which  will 
be  exposed  to  the  action  of  the  currents ;  or,  if  not,  that  the  bend  will 
approach  the  Ohio  at  a  lower  point,  and  in  that  case  endanger  the  site 
of  the  city.  They,  consequently,  as  I  have  been  informed,  propose  to 
apply  to  Congress  for  an  appropriation  for  the  protection  of  the  caving 
bank  from  near  the  foot  of  Dickey's  Island  to  the  spur-dikes  opposite  the 
town.  In  anticipation  of  such  application,  the  survey  of  November, 
1875,  was  made  in  order  that  the  necessary  information  might  be  in 
readiness  when  required  to  enable  Congress  to  pass  upon  the  propriety 
of  affording  the  relief  asked  for. 

In  order  to  fairly  represent  the  approximation  of  the  Mississippi  to- 
ward a  junction  with  the  Ohio  above  the  city,  the  shore-lines  of  the 
Ohio  Kiver  have  been  carefully  transferred  from  a  map  published  in  the 
Coast-Survey  Eeport  for  1864,  (which  is  the  best  authority  in  possession 
of  this  office,)  and  which  is  presumed  to  be  substantially  correct,  as  the 
banks  of  the  Ohio  are  judged  to  be  stable,  and  have  changed  but  slight- 
ly, if  at  all,  since  the  date  of  the  survey  used  as  authority. 

The  minimum  distance  between  the  two  rivers  is  thus  shown  to  be 
nearly  4,000  feet  now,  whereas  it  was,  in  July,  1874, 4,175  feet,  a  decrease 
of  175  feet  during  an  interval  of  fifteen  months.  The  point  of  least 
distance  between  the  rivers  does  not  coincide  with  the  locality  where 
the  greatest  erosion  has  occurred.  According  to  the  usual  tendency  of 
physical  changes  to  progress  down-stream,  it  is  reasonable  to  expect 
that  the  locality  of  greatest  erosion  the  coming  season  will  more  nearly 
coincide  with  the  point  of  least  distance  between  the  two  rivers.  Should 
this  be  the  case,  with  the  rate  of  maximum  erosion  in  the  past  as  an 
index  to  the  future,  the  distance  between  the  two  rivers  is  likely  to  be 
reduced  the  coming  season  to  about  3,500  feet.  By  scale-measurement 
on  the  Coast-Survey  map  of  1864,  the  distance  between  the  two  rivers 
was  then  4,888  feet,  and  a  map  made  in  the  office  of  the  Cairo  and  Saint 
Louis  Railroad  makes  the  same  distance  4,800  feet.  The  later  map  was 
made  after  the  location  of  the  railroad,  which  was  made  in  the  autumn 
of  1871,  by  Mr.  S.  E..McGregory,  who  is  now  an  assistant  in  this  office, 
and  bears  testimony  that  at  that  time  the  current  did  not  set  against 
the  bank  of  the  river,  a  statement  which  must  be  correct,  as  the  road 
was  finally  built  quite  close  to  the  river-bank,  which  certainly  would 
not  have  been  done  if  the  bank  had  been  caving  at  that  time.  These 
facts  confirm  the  older  maps  in  their  testimony  that  the  changes  were 
slight  between  1864  and  1871.  The  waste  between  187  L  (and  probably 
a  considerably  later  date)  and  July,  1874,  must  have  been  about  625 
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feet.  The  changes  during  the  last  few  years  have  therefore  been  rapid, 
and  by  applying  the  rate  it  would  be  easy  to  calculate  the  comparatively 
short  period  required  to  establish  the  junction  of  the  two  rivers  above 
the  city. 

All  such  calculations  are  deceptive,  as  erosions  in  any  particular  lo- 
cality or  in  any  particular  direction  are  known  to  increase  to  a  maximam 
and  then  decrease  to  a  practical  zero. 

The  apex  of  the  bend  will  move  down-stream,  and  the  point  of  maxi- 
mum erosion  travels  with  it.  I  therefore  incline  to  the  opinion  that  the 
apprehension  of  a  junction  of  the  rivers  above  the  city  is  unfounded, 
as  also  that  as  to  the  present  town-site  being  endangered  at  any  date 
within  prevision  now.  At  the  same  time  there  can  be  no  question  but 
that  a  large  part  of  the  vacant  ground  in  the  rear  of  the  town  will  be 
cut  away  in  the  early  future,  unless  the  river  changes  the  coarse  of  its 
strongest  current,  which  there  is  no  apparent  reason  to  expect. 

At  the  lower  end  of  the  bend,  as  it  now  exists,  a  series  of  spur-dikes 
are  found  which  were  built  by  the  Cairo  Land  Company  in  the  period 
between  1858  and  1868,  to  check  a  then  threatening  erosion;  these 
dikes  doubtless  served  the  purpose  of  their  construction,  but  under  the 
new  conditions  are  themselves  exposed  to  an  attack  in  flank  to  which 
they  present  no  sufficient  resistance.  One  of  the  series  at  A  on  map 
has  already  been  detached  from  the  bank,  and  the  rock  of  which  it  was 
built  now  lies  in  mid-channel,  forming  a  dangerous  obstruction  and  also 
aiding  the  river  in  the  destruction  of  the  next  of  the  series  by  directing 
upon  its  flank  the  rapid  current  which  passes  between  its  remains  and 
the  shore.  This  second  spur  is  already  in  a  precarious  situation,  and 
will  probably  before  spring  be  detached,  when  it  will  form  a  second 
dangerous  obstruction,  and  in  its  turn  hasten  the  destruction  of  the 
next  of  the  series,  and  thus  finally  all  will  be  detached. 

In  my  judgment  it  is  very  important  that  these  dikes  be  preserved, 
as  they  would  serve  as  an  efficient  protection  to  the  front  they  cover  if 
themselves  protected  from  flank  attack  by  works  above.  In  my  report 
upon  "Part  of  the  third  subdivision  of  Mississippi  transportation  route,-' 
(see  Appendix  CC  4,  Report  of  Chief  of  Engineers,  1875,  second  part, 
page  492,)  I  said : 

To  maintain  that  navigation  will  require  the  revetment  or  other  protection  of  caving 
banks.  The  estimated  sum  of  $4,000,000  is  intended  to  cover  the  cost  of  such  works, 
to  preserve  the  channel  at  those  points  where  the  necessity  is  likely  to  occur. 

Further  examination  wonld  be  necess'ftry  to  determine  where  works  of  this  character 
are  most  needed.  The  greater  part,  we  may  safely  say,  would  be  required  between 
Commerce  and  the  Ohio. 

The  bend  now  under  consideration,  and  also  the  succeeding  one  on 
the  Missouri  shore  nearer  the  mouth  of  the  Ohio,  also  shown  on  the  map 
as  the  scene  of  very  active  erosion,  were  in  mind  when  that  report  was 
prepared  as  probably  the  first  localities  where  protective  works  of  serious 
extent  would  be  required,  and,  in  my  judgment,  the  necessity  for  protec- 
tive works  at  both  these  localities  is  immediate,  in  the  interest  of  an 
improved  navigation ;  because  the  position,  shape,  and  depth  of  chan- 
nel, throughout  the  part  of  the  river  shown  on  this  map,  are  now  favor- 
able, and  could  be  rendered  permanent  with  as  little  cost  as  will  ever  be 
possible  in  the  future,  and  conditions  equally  favorable  may  not  occur 
again  if  the  work  be  deferred ;  moreover,  delay  will  assuredly  result  in 
transforming  the  spur-dikes  already  mentioned  from  beneficial  struc- 
tures to  dangers  similar  to  the  noted  Bacon  Rock  lately  removed  under 
the  authority  of  Congress,  after  having  caused  many  disasters  to  boats. 

Passing  to  the  consideration  of  the  plans  proposed  for  the  protection 
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of  these  banks,  three  several  systems  are  suggested  as  probably  effective. 
The  first  is  a  suggestion  made  by  persons  living  at  Cairo,  and  contem- 
plates the  construction  of  a  dike  extending  from  the  Illinois  sliore, 
near  the  upper  limit  of  the  map,  so  as  to  force  the  channel  to  the  right 
of  Eliza  Towhead.  This  is  objectionable  on  the  ground  that  it  involves 
a  radical  change,  which  cannot  be  secured  by  any  single  dike,  for  the 
reason  that  single  dikes  perpendicular  (or  approximately  so)  to  the  cur- 
rent have  no  determinate  effect ;  the  employment  of  such  dikes  is  legiti- 
mate only  in  systems,  and  a  series  of  dikes  sufficient  to  insure  the  result 
proposed  would  be  very  expensive  in  this  locality.  The  second  plan  is 
to  protect  the  caving  bank  by  a  series  of  short  spur-dikes ;  and  the 
third  is  to  do  the  same  by  a  continuous  revetment.  The  experience 
gained  from  the  work  at  Sawyer  Bend,  above  Saint  Louis,  constructed 
under  this  Office,  affords  the  means  of  comparing  the  merits  of  these  two 
methods  of  bank-protection.  Both  having  been  tested,  and  both  being 
successful,  the  choice  may  properly  be  left  to  consideration  of  cost  of 
construction  and  repair,  so  far  as  the  portion  of  the  bank  above  the 
ordinary  mean  stage  of  the  river  is  concerned.  Below  the  level  of  the 
mean  stage  no  dependence  is  to  be  placed  upon  any  work  which  is  not 
continuous. 

In  Sawyer  Bend,  both  revetment  and  spur-dike  rest  upon  a  heavy 
longitudinal  wall  of  riprap,  founded  in  a  trench  at  least  8  feet  below 
low  water  and  extending  5J  feet  above  extreme  low  water,  or  about  to 
the  level  of  mean  low  water  of  navigable  seasons.  Although  these 
works  have  stood  satisfactorily,  it  would  not  be  justifiable  to  duplicate 
them  in  the  light  of  present  experience,  since  a  cheaper  and  equally 
efficient  mode  of  construction  has  been  devised,  and  practically  tested, 
which  can  be  applied  to  cases  such  as  we  meet  in  the  vicinity  of  Cairo, 
where  the  depth  is  too  great  to  admit  of  the  use  of  piles,  and  the  con- 
struction of  the  heavy  longitudinal  wall  which,  with  its  trench,  has 
consumed  the  greater  part  of  the  cost  of  the  Sawyer  Bend  work. 

The  method  now  pursued,  and  which  is  recommended  for  use  at  Cairo, 
is  to  use  continuous  rafts  of  brush,  formed  in  place,  and  extended  down 
stream  as  work  progresses ;  these  rafts  to  be  moored  so  as  to  hold  the 
inner  side  close  against  the  bank,  and  in  that  position  to  be  loaded 
with  riprap,  the  loading  to  progress  down  stream  and  from  the  bank 
outward,  so  as  to  firmly  anchor  the  inner  side  upon  the  slope  of  the 
bank,  and  avail  ourselves  of  the  tenacity  of  the  raft  to  carry  the  increas- 
ing load  of  riprap  gradually,  and  without  breach  of  continuity,  to  its 
final  resting-place  on  the  sloping  bottom.  Where  the  depth  is  consid- 
erable, these  rafts  must  be  proportionally  widened  to  reach  from  the 
foot  of  the  steep  part  of  the  bank  well  out  on  the  under-water  slope. 

In  this  connection  it  is  well  to  state  that,  however  steep  the  visible 
part  of  the  bank  may  be  below  ordinary  low  water,  the  banks  of  the 
Mississippi,  between  the  Missouri  and  the  Ohio,  almost  invariably  pre- 
sent a  well-defined  declivity,  varying  from  1  to  2  horizontal  to  1  per- 
pendicular within  the  breadth  of  a  raft  of  ordinary  dimensions;  more 
strictly,  the  declivity  is  a  curve,  approaching  the  horizontal  as  we  recede 
from  the  bank. 

Protection  of  this  character  extending  only  to  the  level  of  the  mean 
stage  is  not  claimed  to  prevent  the  erosion  of  the  upper  part  of  the 
bank  at  first,  but  is  designedly  left  at  that  point  in  order  that  a  further 
abrasion  may  take  place  above  that  level,  in  the  confident  expectation 
that,  the  foundation  remaining  secure,  only  surfac-ecurrents  will  act  on 
the  exposed  bank,  and  the  result  will  be  a  prolongation  of  the  lower 
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slope,  which  will  ultimately  assume  a  form  of  stability,  either  with  or 
without  artificial  assistance. 

The  length  of  bank  whose  protection  is  necessary,  immediately  above 
Cairo,  is  11,500  feet,  which,  at  an  estimated  cost  of  815  per  foot,  would 
cost  8172,500 ;  on  the  Missouri  side,  near  the  mouth  of  Ohio,  21,700 
feet,  at  815  per  foot,  would  cost  8325,500;  total,  $497,500,  of  which 
8200,000  could  profitably  be  expended  during  the  season  of  1876. 

Works  of  protection  and  maintenance  having  been  separately  esti- 
mated in  the  report  on  transportation-routes  from  works  for  improve- 
ment of  the  navigation,  the  estimates  here  given,  being  for  protection, 
are  to  be  taken  from  the  84,000,000  item  of  the  estimate.  The  estimate 
of  funds  required,  specified  in  my  annual  report,  dated  July  12, 1875, 
having  been  for  improvement  works,  the  present  estimate  is  not  prop- 
erly provided  for  in  the  annual  report. 

Very  respectfully,  your  obedient  servant, 

J.  H..  Simpson, 
Colonel  of  Engineers^  U.  S,  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  J  U.  S.  A, 
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ANNUAL  REPOET  OF  COLONEL  J.  N.  MACOMB,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 
1876. 

United  States  Enqineer  Office, 

Bock  lalandy  IlLj  July  12, 187G. 

General  :  I  have  the  honor  to  submit  herewith  the  annual  reports 
upon  the  several  works  in  my  charge  during  the  fiscal  year  ending  on 
the  30th  June,  1876,  together  with  the  estimates  for  continuation  or 
maintenance  of  said  works  for  the  fiscal  year  ending  30th  June,  ISIS, 
I  remain,  very  respectfully,  your  most  obedient  servant, 

J.  N.  Macomb, 
Colonel  of  Engineers^  U.  8,  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers. 


N  I. 

improving  upper  MISSISSIPPI  river. 

The  usual  work  of  the  season  done  by  the  use  of  the  United  States 
steamer  Montana,  provided  with  one  of  Long's  scrapers,  was  conducted 
as  heretofore  by  Oapt.  J.  B.  Davis,  whose  report  is  herewith  submitted, 
by  which  it  appears  that  important  aid  was  rendered  to  the  navigation, 
and  that  a  steamer  equipped  after  the  fashion  of  the  Montana  is  essential 
to  keeping  open  the  navigation  of  the  Upper  Mississippi  River  on  the 
approach  of  the  low-water  stage  in  July,  and  during  its  continuance 
until  the  close  of  the  season.  It  is,  therefore,  with  confidence  that  I 
ask  for  an  appropriation  for  this  work,  for  the  coming  season,  large 
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enough  to  procure  a  new  hull  for  receiving  the  machinery  now  in  use 
upon  the  Montana,  and,  from  my  experience  and  observation  upon  the 
lakes,  as  well  as  upon  the  western  rivers,  I  am  of  the  opinion  that  it 
would  be  true  economy  to  have  an  iron  hull  for  this  service* 

From  Captain  Davis's  report,  it  would  evidently  be  false  economy  to 
continue  the  Montana  in  use  after  the  present  season  on  account  of  the 
large  outlay  that  would  be  necessary  for  repairs. 

ESTIMATE. 

For  new  iron  hnll,  inclading  iron  deck^deck  frame,  boiler-deck  stanchions, 

and  engine  timbers $55, 000  00 

For  three  steel  boilers  complete 5, 000  00 

For  cabin,  sheet-iron  wheel-houses,  and  other  npper  work 5, 000  00 

For  transferring  and  setting  up  machinery,  &c.,  in  new  boat 1,500  00 

66, 500  00 
For  current  expense  of  boat  and  working  partv,  for  fiscal  year  ending  June 

:iO,  lti78 \ .' 25,000  00 

Total 91,500  00 

Money  statement. 

Amount  available  July  1, 1875 823,539  49 

Amount  expended  d uring  fiscal  year  ending  June  30,  1876 21, 929  63 

Amount  available  July  1, 1876 1,609  00 

Amount  appropriated  by  act  approved  August  14, 1876 30, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.     91, 500  00 


report  of  captain  john  b.  davis. 

United  States  Engineer  Office, 

Bock  Island,  III,,  June  30, 1876. 

Sir  :  I  have  the  honor  to  submit  herewith  my  report  on  the  operations  of  the  United 
States  steamer  Montana,  in  improving  the  Upper  Mississippi  River  during  the  working 
season  of  1875. 

The  Montana  left  Rock  Island  on  the  7th  of  July  for  Saint  Paul,  with  the  United 
States  quarter-boat  MaJ.  £.  F.  Hoffmann  in  tow,  and  with  instruotions  to  render  assist- 
ance to  Assistant  Engineer  C.  W.  Durham  and  party,  who  were  engaged  in  surveying 
some  of  the  obstructed  portions  of  the  upper  river.  Arrived  at  Saint  Faul  on  the  12th 
of  July,  where  we  remained  until  the  14th,  during  which  time  the  surveying  party  were 
engaged  in  making  an  examination  of  Pig's  Eye  Bar,  and  observing  the  enect  upon  the 
channel  caused  by  the  dam  built  by  the  Montana,  in  1874. 

On  the  14th  of  July  the  Montana  again  took  the  quarter -boat  in  tow,  and  remained  in 
company  until  the  27th,  working  in  the  vicinity,  while  the  surveying  party  made  sur- 
veys at  Brownsville,  Cassville  Slough,  Specht's  Ferry,  Dead  Man's  Bar,  Bellevne,  Lyons, 
Horse  Island,  and  Keithsbnrgh.  On  the  27th  of  July,  leaving  the  qnarter-boat  at  Keiths- 
burgh,  the  Montana  returned  to  Rock  Island,  and,  taking  yon  on  board,  proceeded  to 
Montrose,  Iowa,  for  the  purpose  of  making  an  inspection  of  the  United  States  works 
of  improvement  at  Des  Moines  Rapids  in  your  charge.  Left  Montrose  on  the  3l8t,  and 
proceeded  up  river,  removing  all  snags,  stumps,  and  leaning  trees  on  our  way.  Arrived 
at  Pine  Bend  on  August  12,  and  found  only  2^  feet  of  water  on  the  bar ;  ran  down  to 
Beef  Slough,  dredged  the  bar  at  that  point,  and  then  proceeded  to  La  Crosse  Slough, 
and  cleared  the  slough  of  obstructions  on  the  18th,  the  channel  having  ohanged  to  the 
eastern  side  of  Minnesota  Island ;  ran  down  to  Bellevne,  and  spent  ten  days  dredging  at 
Bellevne  and  Sand  Prairie  Bars. 

Having  learned  that  there  was  a  dangerous  stump  in  the  channel  at  the  head  of 
Cassville  Slough,  which  had  injured  and  nearly  sunk  the  steamer  Minneapolis,  we  ran 
up  to  that  point  and  removed  it ;  the  river  having  risen  several  feet,  we  then  pVoceeded 
to  Boulanger's  Bar  above  Hastings,  and  commenced  building  a  dam  according  to  your 
directions  on  the  9th  September.  Worked  at  Boulanger's  until  1st  of  October,  at 
which  time  the  dam  was  completed,  it  being  460  feet  in  length.  This  dam  increased 
the  depth  of  water  in  the  main  channel  fully  18  inches. 
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Commenced  work  at  Pig's  Eye  October  4,  in  strengthening  the  dam  at  that  point 
and  in  riprappiug  the  western  shore  opposite  the  head  of  rig's  Eye  Island,  which 
work  was  completed  on  November  2. 

The  result  of  this  dam  has  been  an  increase  of  18  inches  depth  of  water  on  Pig's  Eye  Bar, 
so  that  this  bar  which  was  formerly  the  worst  obstruction  to  navigation  in  the  opper 
river,  and  which  caused  boats  to  turn  back  when  only  5  miles  from  Saint  Paul,  is  now 
permanently  improved,  and  it  is  thought  that  there  will  always  be  sufficient  water  on 
this  bar  for  boats  which  have  been  able  to  come  up  to  it  from  below. 

Left  Saint  Paul  November  4,  and  ran  down  to  Coon  Slough,  17  miles  below  La 
Crosse,  and  dug  a  ditch  to  straighten  the  channel,  excavating  1,116  cubic  yards  of 
earth ;  ran  down  to  Rock  Island,  arriving  on  November  15.  On  the  16th,  ran  down  to 
a  point  a  short  distance  below  Buffalo,  Iowa,  and  removed  a  large  bowlder  from  the 
channel ;  by  your  directions  ran  down  to  Port  Louisa  and  removed  two  large  trees 
that  were  in  the  bend  of  the  river,  and  also  one  snag  at  Muscatine  Island ;  laid  up  at 
Rock  Island  November  20,  barely  in  time  to  escape  the  ice. 

The  following  is  a  summary  of  the  work  performed  during  the  working  season  by 
the  steamer  Montana  in  the  fiscal  year  ending  June  30, 1876  : 

SUMMARY. 

12  steamers  pulled  off  sand-bars ;  I  raft  pulled  off  sand-bars ;  4  barges  pulled  off  sand- 
bars ;  1  wharf-boat  pulled  off  shore  ;  38  snags  extracted :  9  stumps  extracted ;  169  lean- 
ing trees  removed ;  18  channel-marks  placecL  (shore  marks  for  ranges ;)  11  buoys  placed 
to  mark  channel ;  14  days  dredging  bars ;  2  oowlders  removed ;  1.116  cubic  yards  earth 
excavated ;  10  barge-loads  stone  put  on  Pig^s  Eye  Dam  ;  7  barge-loads  stone  ])ut  on  Pig's 
Eye  Riprap ;  16  barge-loads  stone  put  on  Boulanger's  Dam. 

Three  thousand  five  hundred  and  thirty-five  miles  run  in  prosecution  of  the  above 
work. 

I  would  respectfully  call  your  attention  to  the  fact  that  the  work  of  building  dams 
at  Pig's  Eye  and  Boulangei^s  has  been  done  at  times  when  the  water  was  at  such  a 
stage  that  the  Montana  could  be  spared  from  her  other  duties  of  dredging,  removing 
snags,  and  assisting  steamers,  and  with  the  small  crew  at  our  command  and  the  suialT 
appropriation  ($25,000)  the  work  was  necessarily  slow,  requiring  three  seasons  to  ac- 
complish the  desired  result. 

You  are  also  aware  that  a  great  deal  of  experimental  work  has  been  done  under  your 
directions,  in  order  to  ascertain  what  kind  of  dams  would  be  the  most  efficient  and  periiia- 
iieut.  As  these  dams  above  mentioned  are  the  first  that  have  been  constructed  on  the 
Upper  Mississippi  River,  and  have  produced  the  desired  result,  viz,  4^  feet  at  the  low- 
est stage  of  water,  it  only  remains  to  be  seen  whether  they  will  be  permanent  in  order 
to  proclaim  their  complete  success.  I  would  further  state  that  the  steamboat-owners, 
isteamboat-men,  and  lumbermen  are  all  highly  pleased  with  your  plan  of  improving  the 
river,  and  hope  that  Congress  will  make  an  appropriation  sufficient  to  enable  yon  to 
continue  the  good  work  next  season.  • 

The  steamer  Montana  is  now  twelve  years  old.  With  an  outlay  for  repairs  of  about 
$1,500  she  can  run  during  the  working  season  of  1876,  but  it  will^require  a  very  heavy 
repair  account  after  this  season  to  keep  her  in  a  seaworthy  condition,  and  the  expense 
will  increase  yearly  as  she  grows  older.  Her  machinery  is  excellent  and  could  be  used 
to  good  advantage  in  a  new  boat. 

The  boilers  would  not  be  suitable  to  transfer  to  another  hull,  and  consequently  I 
would  respectfully  recommend  new  steel  boilers  for  a  new  steamer.  In  my  opinion  an 
iron  hull  to  receive  the  Montana's  machinery  should  be  of  the  following  dimensions,  viz : 
Length  on  deck,  190  feet ;  breadth  of  beam,  37  feet ;  depth  of  hold,  5^  feet.  Model  full, 
with  transom  stem. 

An  iron  hull  of  these  dimensions  with  the  Montana's  machinery  and  a  small  cabin 
for  the  officers  should  not  exceed  24  inches  draught  when  completed. 

The  draught  of  the  Montana  is  now  3  feet  3  inches,  which  is  entirely  too  much  for 
effective  work  in  low  water  on  the  Upper  Mississippi  River. 

TsJeIu^  into  consideration  the  age  of  the  Montana,  her  heavy  draught,  and  the  large 
amount  it  will  take  yearly  for  repairs,  in  my  opinion  it  would  be  true  economy  and  to 
the  interest  of  the  Oovernment  to  build  an  iron-hull  steamer  to  take  the  Montana's 
place  by  next  season. 

All  of  which  is  respectfully  submitted. 

I  remain,  very  respectfully,  your  most  obedient  servant, 

John  B.  Davis. 

Col.  J.  N.  Macomb, 

Corps  of  EikqimeerSy  V,  S,  A. 
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N  2. 

IMPROVING  DES  MOINES  RAPIDS,  MISSISSIPPI  RIVER. 

This  work  has  continued  in  the  immediate  care  of  Gapt.  Amos 
Stickney,  Corps  of  Engineers,  and  has  been  ably  managed  by  him.  I 
beg  leave  to  refer  to  his  report  herewith  presented  for  detailed  informa- 
tion as  to  the  progress  of  the  improvement. 

The  work  of  laying  riprap  face  on  the  banks  of  the  canal  has  been 
prosecuted  energetically,  the  stone  for  that  purpose  being  purchased  on 
advantageous  terms  in  open  market.  The  inside  face  of  the  canal-em- 
bankment, between  the  guard-lock  and  middle  lock,  is  now  nearly  com- 
pleted, and  all  but  one  of  the  creeks  and  small  streams  empyting  into 
this  level  have  been  curbed  with  permanent  loose  stone  dams,  and  silt- 
pools  formed  so  as  to  prevent  the  canal  from  being  encumbered  with 
debris  from  these  sources. 

Much  work  was  done  during  the  year  in  excavating  the  prism  of  the 
canal,  and  it  was  found  to  be  a  much  more  expensive  undertaking  than 
had  been  anticipated.  The  creek-openings  not  having  been  protected 
by  the  contractors  at  work  in  fornier  years,  large  quantities  of  mud  and 
other  material  had  been  washed  into  the  canal,  requiring  a  great  deal  of 
labor  for  its  removal,  even  at  points  where  the  excavation  had  been  fin- 
ished. The  work  went  on,  however,  for  some  time  satisfactorily,  until 
the  floods  of  September  filling  the  canal  compelled  a  temporary  suspen- 
sion. 

Captain  Stickney  estimates  the  damage  done  by  these  floods  at 
$20,000.  On  the  subsidence  of  the  water,  work  was  again  resumed,  and 
at  present  writing  but  very  little  labor  is  required  for  finishing  this  part 
of  the  improvement. 

Considerable  trouble  was  expeiienced  in  stopping  the  leaks  under  the 
canal-banks,  but  this  was  at  length  accomplished. 

.  For  excavating  a  channel  through  Montrose  Chain,  to  perfect  the 
navigation  to  deep  water  above  the  guard-lock,  a  large  cofierdam  was 
constructed,  5,782  feet  in  length  and  including  95  acres  of  river.  This 
was  a  work  of  great  magnitude  and  risk,  and  was  pushed  to  completion 
on  the  24th  of  August,  at  which  time  it  was  pumped  dry  and  the  bottom 
laid  bare.  The  work  of  excavation  was  immediately  begun  and  pushed 
forward  as  rapidly  as  possible,  but  on  the  3d  of  September,  owing  to  a 
crevice  in  the  bed-rock,  a  leak  sprung  which  undermined  the  walls  and 
flooded  the  dam. 

The  dam  was  repaired,  and  work  was  resumed  on  the  8th  of  Septem- 
ber. On  this  day  there  was  an  unprecedented  rise  in  the  river,  which, 
in  spite  of  every  effort,  caused  a  break  in  the  dam,  some  600  feet  of 
which  was  carried  away.  Owing  to  the  continuance  of  iiigh  water  in 
the  river,  repairs  on  the  dam  were  not  completed  until  the  12th  October, 
at  which  time  a  force  of  900  men  was  put  on  the  work,  which  was  car- 
ried on  until  the  2d  January,  1876,  when  the  dam  was  overwhelmed  and 
carried  away  by  another  terrible  flood.  Notwithstanding  these  misfor- 
tunes, involving  great  expense  and  causing  a  diversion  of  funds  intended 
for  other  portions  of  the  improvement  to  this  work,  the  dam  was  again 
rebuilt,  and  work  resumed  on  February  7  and  continued  until  February 
24,  when  the  appropriations  were  exhausted.  At  this  time  the  excava- 
tion of  the  channel  was  completed,  with  the  exception  of  a  small  patch 
of  rock  near  the  head  of  the  dam.  In  spite  of  the  numerous  disasters 
experienced,  the  cost  per  cubic  yard  of  rock  excavated  was  only  about 
one-half  the  usual  price  of  similar  work  done  by  contract. 

42  E 
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Another  smaller  dam  was  bnilt  below  the  Montrose  Dam,  &om  which 
8,469  cubic  yards  of  rock  were  taken. 

Three  chisel-boats  were  employed  daring  a  portion  of  the  year  in  re- 
moving various  patches  of  rock  above  the  Montrose  dam. 

During  the  year  work  upon  the  guard-lock  has  been  carried  on  nearly 
to  completion,  the  remainder  of  the  stone  being  on  h?<nd,  cut  ready  for 
use,  and  had  the  appropriation  not  been  exhausted,  this  lock  would  have 
been  ready  for  navigation  during  the  low-water  season  of  1876. 

Owing  to  the  failure  of  the  contractors  to  deliver  the  lumber  in  sea- 
son, work  upon  the  lock-gates  was  much  delayed.  The  gates  of  the 
upper  and  lower  locks  are,  however,  nearly  completed,  and  the  labor 
yet  to  be  done  is  principally  putting  up  the  gates  and  fitting  the  iron- 
work to  them. 

The  hydraulic  machinery  designed  for  operating  the  lock-gates  is 
nearly  finished,  and  has  been  constructed,  under  the  Immediate  super- 
vision of  Captain  Stickney,  by  Sample,  McElroy  &  Co.,  of  Keokuk, 
Iowa.  A  great  portion  of  this  machinery  has  been  delivered  or  is  ready 
for  delivery,  and  some  of  it  has  been  placed  in  position.  For  a  full  de- 
scription of  the  machinery  and  the  engine-houses  designed  for  its  recep- 
tion, one  of  which  is  already  built,  I  beg  to  refer  you  to  Captain  Stick- 
ney's  report. 

The  amount  required  for  the  maintenance  of  the  work  during  the 
fiscal  year  ending  June  30, 1878,  is  $40,000,  an  appropriation  of  which 
amount  is  respectfully  recommended. 

Money  statement. 

Amount  available  July  1,1875 |582,889  88 

Amount  expended  during  fiscal  year  ending  June  30, 1876 582, 889  88 

Amount  appropriated  by  act  approved  August  14, 1876 230, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 95, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878, 
including  amount  for  annual  maintenance 135,000  00 


report  of  capt.  amos  stickney,  corps  of  engineers. 

United  States  Engineer  Office, 

Keokuky  Iowa,  June  30, 1876. 

Colonel:  I  have  the  honor  to  make  the  following  report  of  the  operations  on  the 
work  of  the  improvement  of  the  Des  Moines  Rapids  of  the  Mississippi  River  for  the 
fiscal  year  ending  June  30, 1876. 

On  the  1st  of  July,  1875,  there  remained  on  hand  irom  last  year's  appropriation 
$101,889.88.  The  amount  appropriated  by  act  of  Congress  approved  March  3,  1875, 
was  $480,000.  Ute  project  for  carrying  on  the  work  daring  the  year,  in  addition  to 
work  previously  projected,  was  as  follows : 

Excavation  of  channel  through  Montrose  chain  and  patches. 

Construction  of  gates  in  locks  and  sluices  together  with  machinery. 

Procuring  stone  and  building  face  of  riprap-wall  on  embankment. 

Finishing  up  prism  of  canal. 

Work  was  carried  on  under  all  of  these  heads  until  the  latter  part  of  Febrnary,  when 
it  became  necessary  to  stop  every  thing  on  account  of  the  exhaustion  of  the  appropri- 
ations. The  survey  of  the  upper  part  of  the  rapids  made  last  summer  developed  the 
fact  that  the  estimates  of  rook  excavation  through  Montrose  Chain  and  patches,  made 
from  the  survey  of  1867,  were  too  small  by  25,200  yards,  and  during  the  progress  of  our 
work  on  Montrose  Chain  and  patches  in  the  past  year  the  necessities  of  the  case  re- 
quired me  to  use  upon  it  and  divert  from  other  parts  of  the  improvement  a  considera- 
ble amount  of  the  money  that  had  been  allotted  to  them,  and  thus  those  other  parts 
which  I  had  intended  to  complete  are  still  in  an  unfinished  condition.  In  addition  to 
the  increase  in  the  amount  of  rock  excavation,  we  have  had  a  most  miserable  season 
f)T  our  work,  the  great  quantity  of  rain  and  the  many  floods  of  the  river  have  kept  us 
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in  a  coDstaot  state  of  anxiety  and  have  added  very  materially  to  the  cost  of  almost 
every  part  of  the  work,  so  that  it  became  necessary  to  increase  the  amount  asked  for 
the  completion  of  the  work.  There  has  been  very  great  satisfaction  daring  the  year  in 
the  manner  of  doing  the  work,  that  is,  by  hired  labor,  notwithstanding  the  fact  that 
the  labor  in  my  office  has  been  very  greatly  increased  thereby.  Every  thing  has 
worked  smoothly  nnder  this  system,  the  work  is  better  done  and  costs  less,  yet  labor- 
ers receive  more ;  and  we  can  rest  with  the  calm  assurance  that  no  contractor's  claims 
can  arise. 

The  following  is  a  detailed  statement  of  the  work  on  the  various  parts  of  the  im- 
provement . 

SECTION  WORK. 

The  beginning  of  July,  1875,  found  this  portion  of  the  improvement  being  pushed 
forward  as  energetically  as  the  continued  and  excessive  rains  which  had  flooded  most 
of  the  work  would  allow,  and  on  account  of  the  frequent  floodings  the  quarrying  of 
stone  for  riprap- wall  from  the  prism  of  canal  having  become  too  expensive,  it  was  de- 
cided to  depend  upon  the  market  for  purchasing  all  such  stone. 

The  quarry  gangs  were  consequently  transferred  to  the  other  portions  of  the  work. 

LAYING  RIP-RAP  FACE  ON  THE  BANKS  OF  THE  CANAL. 

A  large  quantity  of  stone  was  purchased  in  open  market,  and  as  many  men  kept  on 
the  wall  as  could  work  to  advantage,  laying  up  not  only  the  purchased  stone,  but  such 
as  had  already  been  placed  on  the  banks  for  that  purpose,  during  previous  yearis,  with 
the  following  result : 

From  the  guard-lock  to  the  middle-lock,  a  distance  of  about  5  miles,  the  inside  face 
of  the  canal  embankment  is  now  built  up  to  high-water  mark  in  the  canal,  with  the 
exception  of  a  small  gap,  and  nearly  all  (except  about  500  feet)  of  the  shore  bank  is  pro- 
tected in  the  same  manner  where  requii^.  AH  but  one  of  the  creeks  and  small  streams 
emptying  into  this  upper  level  have  been  curbed  by  permanent  loose  stone  dams  built 
across  the  months,  thereby  forming  silt  pools  that  effectually  prevent  the  debris  from 
the  streams  being  washed  into  the  channel.  The  inside  face  of  the  embankment 
through  the  lower  level,  about  2^  miles  in  length  is  generally  protected  by  a  wall  4 
feet  and  over  above  grade,  although  for  some  distance  (3,000  feet)  it  is  only  about 
2  feet  above  grade. 

The  small  streams  of  which  there  are  three,  emptying  into  this  level,  have  not  as  yet 
been  guarded. 

This  makes  9,200  lineal  feet  of  embankment,  and  5,300  lineal  feet  of  shore  bank  in 
the  upper  level  thoroughly  protected  and  finished  to  the  8  feet  or  high-water  line  this 
year,  which  with  what  has  previously  been  done,  places  that  portion  of  the  prism  in 
a  condition  to  receive  water  for  navigation. 

And  9,600  lineal  feet  of  embankment  in  the  lower  level  upon  which  wall  has  been 
laid,  although  3,000  feet  is  but  2  feet  above  grade,  the  balance  being  4  feet  and  over. 
This  will  soon  admit  of  water  being  let  into  the  levels  and  stone  for  riprap  delivered 
by  means  of  boats. 

FINISHING  PRISM  OF  CANAL. 

This  has  been  found  a  much  more  expensive  undertaking  than  was  anticipated 
Owing  to  irregular  and  incomplete  appropriations,  some  of  the  previous  contracts  had 
been  stopped  prematurely,  and  large  quantities  of  material  scattered  over  considerable 
space,  necessarily  remained  in  the  canal. 

The  openings  nom  the  creeks  had  never  been  properly  protected  until  the  present 
season,  and  in  consequence,  the  debris  from  frequent  and  heavy  floods  had  again  par- 
tially filled  the  prism,  even  where  the  excavation  had  been  completed.  Most  of  this 
material  was  soft  mud,  and  difficult  to  remove.  There  were  also  numerous  bowlders 
where  the  natural  bottom  of  the  river  had  been  enclosed  in  the  embankment,  stumps 
of  trees,  old  logs,  and  guard  or  cross  banks  which  had  been  built  to  facilitate  the  exca- 
vation, all  of  which  had  to  be  removed. 

The  work,  went  on  satisfactorily  until  the  floods  of  September,  1875,  came,  and  filled 
the  whole  canal  with  water;  all  the  creeks  were  bank  full;  the  river  rose  rapidly,  and 
backing  up  into  the  lower  level,  caused  a  suspension  of  work  for  some  time. 

During  the  flood  a  great  deal  of  damiu^  (besides  the  delay  which  in|itself  was  a  very 
serious  damage)  was  done,  and  it  together  with  the  unprecedented  floods  about  New 
Year's  day  of  1876,  are  estimated  to  have  increased  the  cost  of  this  portion  some  $20,000. 
However,  as  the  men  were  thoroughly  organized  and  were  skilled,  the  work  was  pushed 
as  rapidly  as  possible  until  the  exhaustion  of  the  appropriation  required  it  to  be  stop- 
ped. The  operations  under  this  head  during  the  year  give  the  following  results :  The 
upper  level  between  the  guurd  and  middle  locks,  with  the  exception  of  removal  of  one 
guard-bank  a  mile  below  the  guard-lock,  is  entirely  finished  and  ready  for  water.    The 
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lower  leyel  between  the  middle  aud  lower  locks  requires  some  little  excayatioD  jnst 
below  the  middle  lock  and  the  removal  of  the  gaard-bank  at  the  head  of  the  lower  lock 

STOPPING  LEAKS  UXDKR  CANAL  BANKS. 

This  work,  although  like  all  the  rest  durinff  the  last  fiscal  year  much  delayed  and  in- 
creased in  cost  by  the  disastrous  floods  of  the  fall  and  winter,  was  finished  satisfactorily. 

Work  had  been  resumed  in  June,  1875,  upon  the  large  leak  under  the  bank  one-half 
mile  below  the  middle  lock.  It  was  found  to  be  very  much  larger  than  had  been  antici- 
pated. The  success  met  wnth  in  endeavoring  to  close  the  other  leaks  having  been  so 
marked,  it  was  hoped  there  would  be  but  little  trouble  with  this,  but  it  was  found 
decidedly  otherwise. 

The  crevice  in  the  bed-rock  of  the  river  through  which  thousands  of  gallons  of  water 
poured  into  the  canal,  was  irom  2  to  4  feet  below  grade,  and  in  order  to  get  at  it,  about 
half  of  the  embankment  for  a  length  of  500  feet  had  to  be  removed,  and  the  rock  exca- 
vated under  water,  which  was  tedious  and  expensive.  After  the  crevice  had  been 
thoroughly  exposed  the  trench  was  mostly  filled  with  concrete,  and  a  puddle-wall 
carried  along  through  the  bank,  which  almost  completely  stopped  the  leak. 

The  bank  has  since  been  rebuilt  and  the  bottom  of  the  slope  protected  by  a  well 
built  riprap-wall  about  4  feet  above  grade. 

MONTROSE  DAM. 

The  water  having  subsided  sufficiently  after  the  June  freshet,  work  upon  the  large 
cofier  around  the  upper  or  Montrose  Chain  was  carried  on  vigorously,  and  about  August 
13, 1875,  the  dam  wfiis  closed  and  pumping  commenced. 

The  projecting  and  energetic  pushing  of  this  large  dam  to  completion,  5,782  feet  in 
length,  and  inclosing  95  acres  of  the  waters  of  the  Mississippi,  has  been  a  work  of  con- 
siderable magnitude  and  great  risk.  By  the  24th  of  August,  the  water  having  been 
pumped  out,  the  excavation  of  rock^in  the  channel  was  commenced.  Men  were  placed 
upon  the  work  as  rapidly  as  they  could  be  obtained.  Rock  was  being  excavated  and 
pmced  in  '*  spoil  bank  "  up  to  the  3d  of  September,  when,  owing  to  a  crevice  in  the  bed- 
rock, a  leak  sprung  near  the  engine  and  pump  at  the  lower  end  of  the  dam,  a  portion 
of  the  walls  were  undermined,  and,  being  unable  to  withstand  the  weight  of  the  im- 
pending water,  were  crushed,  and  in  less  than  40  minutes  the  dam  was  flooded.  This 
was  merely  a  premonition  of  the  many  aud  disastrous  accidents  it  was  doomed  to  suf- 
fer. Next  day  repairs  were  commenced;  on  the  8th  of  September  the  dam  was  again 
pumped  and  work  resumed.  O  n  that  day  an  unusually  heavy  rain-storm  occurred,  which 
raised  all  the  small  streams  throughout  this  section  of  country.  The  Mississippi,  in 
conjunction  with  the  other  rivers,  rose  to  the  height  of  the  spring  floods.  The  dam 
being  greatly  threatened,  it  became  necessarv  to  cut  it  aud  let  it  fill,  and  aeain  the 
work  was  stopped.  This,  however,  was  iustinable,  for  in  a  day  or  two  the  whole  dam 
was  nearly  submerged,  and  on  account  of  the  difference  of  level  at  the  head  and  foot 
the  strong  current  soon  cut  through  the  filling  of  the  walls  of  the  coffers  and  about  600 
feet  of  the  dam  was  carried  away,  making  a  cross-current  that  caused  a  heavy  log-raft 
to  float  in  aud  unship  the  engine  aud  pump  at  the  lower  end  and  drop  them  into  the 
river,  which,  together  with  the  loss  of  a  number  of  small  tools  and  material  of  various 
kinds,  was  quite  a  serious  misfortune. 

As  the  flood  had  subsided  sufficiently  by  the  23d  of  September,  repairs  were  inaug- 
urated and  pushed  as  rapidly  as  possible ;  the  engine  and  pump  lost  overboard  were 
recovered,  and  by  October  12  pumping  was  resumed,  and  on  the  21st  work  in  the  rock 
again  commenced.  Men  were  employed  rapidly  until  a  force  of  over  900  were  at  work 
in  the  pits.  All  things  seemed  to  connive  at  success,  which  would  have  resulted, 
despite  the  disastrous  overflow  of  September,  1875,  had  not  the  tremendous  and 
nnprecedented  storm  and  rainfall  about  the  end  of  December  raised  the  river  again. 
The  Montrose  dam  was  heroically  held  until  almost  the  verjr  top  of  the  rise  by  Captain 
Andirson,  the  overseer,  who,  with  his  force,  worked  nobly  night  and  day.  But  during 
the  dark  hours  of  the  night.of  January  2, 1876,  the  rapidly  rising  waters  got  the  start, 
further  efforts  were  useless,  and  the  dam  was  soon  reduced  to  the  same  condition  as  In 
September.  Both  of  these  floods,  unprecedented  at  this  season  of  the  year,  and  at 
a  time  when  low  water  generally  obtains,  being  wholly  unexpected,  were  unpro- 
yided  for.  The  immense  structure  was  overwhelmed,  tne  consequences  disastrous; 
tools  and  material  lost,  time  expended,  gangs  disorganized  and  men  demoralized.  It 
was  ( ifiheartening,  but  unavoidable.  In  spite,  however,  of  these  misfortunes,  the 
work  was  nearly  completed. 

After  the  second  and  nnprecedented  flood  of  January  2, 1876,  it  was  a  mooted  ques- 
tion whether  to  go  on  or  wait  until  the  next  season.  The  matter  was  referred  to  the 
Chief  of  Engineers,  with  your  recommendation,  coinciding  with  my  own,  that  the 
work  be  resumed  at  once,  and  by  his  authority,  in  a  letter  of  January  15, 1876,  repairs 
were  Inaugurated,  the  dam  rebuilt,  pumping  commenced  by  January  31,  and  work  in 


REPORT  OP  THE  CHIEF  OP  ENGINEERS.         661 

/ 
the  channel  resamed  on  Febmary  7, 1876.  Daring  a  cold  snap,  experienced  while  the 
water  was  bein^^  pamped  ont,  about  6  inches  of  ice  formed  in  the  dam,  which^  settling 
on  the  tracks  and  in  the  pit,  caused  considerable  trouble  and  expense.  Again,  abont 
Febmary  10,  owing  to  a  recurrence  of  soft  weather  and  heavy  rains,  the  river  rose, 
threatening  another  overflow.  Prompt  measnres  were  adopted.  The  dredge,  for- 
tunately, was  at  hand  and  was  set  at  work.  By  energetic  and  ceaseless  labor  for 
three  ;days  and  nights,  the  walls  of  the  cojffer  were  raised  fast  enough  to  beat  the 
rising  waters,  and  the  dam  was  saved,  so  that  by  the  24th  of  February,  when,  on 
account  of  the  exhaustion  of  the  appropriation,  it  became  necessary  to  stop  work 
entirely,  there  was  a  channel  200  feet  wide  the  whole  length  of  the  dam,  3,160  feet, 
and  only  a  small  patch  at  the  head  that  required  blasting,  and  1  or  2  piles  of  loose  rock 
on  the  side  to  be  removed.  It  was  a  big  undertaking,  full  of  risk,  and  required  con- 
stant vigilance  and  hard  work,  but  the  expense  account  shows  that  the  work  has  been 
done  for  about  one-half  the  cost  per  yard  of  the  same  kind  of  work  that  has  hereto- 
fore been  done  under  contract  for  the  (Government,  with  a  result  of  43,606. 75  cubic 
yards  of  rock  excavated  and  placed  in  spoil-bank,  at  a  cost  of  about  $5  per  cubic 
yard.  The  spoil-bank  runs  parallel  to  the  line  of  channel  excavation:  is  50  feet 
removed,  located  upon  the  west  or  Iowa  side,  and  raised  above  extreme  nigh-water, 
making  an  excellent  guide  for  navigation. 

COFFER  DAM,  NO.  2. 

This  dam  incloses  a  portion  of  the  river  immediately  above  the  channel  already  ex- 
cavated for  an  entrance  to  the  guard-lock,  and  had  just  been  commenced,  when  the 
flood  of  September  struck  it  and  washed  away  all  but  the  protection  cribs;  when  the 
water  had  subsided  sufficiently,  work  was  resumed  and  by  September  26,  the  pumps 
were  started  and  shortly  afterward  about  300  men  were  employed  excavating  the  rock 
from  the  channel. 

Owing  to  the  peculiarly  uneven  bottom  of  the  river  at  this  point,  it  was  found  very 
difficult  to  keep  the  water  out  of  the  dam,  but  considerable  experience,  and  the  posses- 
sion of  men  skilled  in  this  class  of  work  overcomes  these  troubles^  and  by  Christmas 
day  of  December,  1875,  the  last  blast  was  flred,  the  bottom  of  the  channel  thoroughly 
cleaned,  the  pumps  stopped  and  the  dam  allowed  to  fill ;  finished  in  61  days,  only  5 
days  before  the  disastrous  flood  that  swamped  the  big  dam  around  the  Montrose  chain, 
with  a  result  of  1,752  feet  of  dam,  inclosing  11^  acres,  and  8,469  cubic  yards  of  rock 
excavated  and  placed  in  spoil  bank,  which  bank  is  located  similarly  to  the  one  at  the 
upper  chain. 

ROCK  EXCAVATION  BT  CHISEL-BOAT. 

Three  of  these  boats  have  been  employed  for  the  purpose  of  removing  the  various 
patches  that  interfere  with  navigation  between  the  upper  chain  and  Nashville  cross- 
ing- 

They  continued  working  to  tolerably  good  advantage  with  only  a  few  delays  caused 
by  inevitable  accidents  to  their  macninery,  or  being  forced  from  their  position  by 
careless  navigation  of  rafts,  from  July,  1875,  until  November  22, 1875,  when  on  ac- 
count of  heavy  ice  floating  in  the  river,  it  was  found  impracticable  to  keep  them  in 
position,  consequently  that  portion  of  the  work  was  abandoned  temporarily  and  the 
boats  discharged.  As  a  result  of  the  season's  work  3,342.75  cubic  yards  of  rock  have 
been  chiseled  at  a  cost  of  $20,175.41  or  $6.04  per  yard.  This  rock  has  not  yet  been 
dredged  up,  but  will  be  when  the  necessary  funds  are  available.  Nothing  has  been 
done  on  the  work  during  the  last  4  months  of  the  fiscal  year  on  account  of  the  exhaus- 
tion of  the  appropriation .  In  April,  the  river  rose  threatening  a  serious  overflow  where 
the  bank  was  weakened  by  the  sluice  at  the  guard- lock  naving  been  constructed 
through  it,  and  but  partially  completed.  A  few  men  were  stationed  there  while  the 
danger  existed,  and  by  persevering  eflbrts  succeeded  in  preventing  any  damage. 

This  was  the  highest  water  experienced  since  the  great  flood  of  1851,  and  the  whole 
embankment  gave  evidence  of  being  substantial  enough  to  withstand  almost  any  rise 
that  may  hereafter  take  place.  At  the  guard-lock  the  water  was  within  1^  feet  of  ex- 
treme high- water,  and  at  the  lower  lock  within  3^  feet  of  that  point ;  this  difference  is 
accounted  for  by  the  fact  that  in  1851  the  Des  Moines  River  was  at  flood  height,  coin- 
cident with  the  flood  in  the  Mississippi,  whereas  this  year  it  was  low  and  the  back 
water  inappreciable.  The  river  continued  very  high  all  through  the  months  of  May 
and  June,  and  even,  had  funds  been  available,  but  little  could  have  been  accomplished 
on  the  section  work. 

GUARD-LOCK. 

Cotuplete  preparations  were  made  during  the  winter  and  spring  of  1875,  and  great 

Erogress  was  being  made  at  the  beginning  of  the  present  year ;  since  then  the  work 
as  been  directed  almost  entirely  to  the  construction  of  the  masonry,  which  was 
rapidly  pushed  toward  completion  before  the  advent  of  freezing  weather.  The  lock- 
chamber  walls  were  built  by  two  travelers  spanning  both  lock  and  culvert  walls.  The 
tramways,  for  supporting  the  travelers,  were  each  160  feet  long;  the  materials  were 
delivered  under  the  travelers  by  sttnie-cars  running  on  tracks  leading  from  the  stone- 
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yard.  This  made  it  an  easy  matter  to  deliver  the  stone  on  the  wall  as  fast  as  it  could 
be  prepared,  it  receiving,  meanwhile,  comparatively  little  injary.  The  two  travelers 
were  operated  229  days  and  laid  8,570  cubic  yards  of  masonry,  making  a  daily  average 
of  37.42  cubic  yards  per  day  for  each  traveler.  The  daily  average  of  masonry  laid  by 
derrick  at  middle-lock  sluice  was  19.50  cubic  yards,  and  that  was  a  class  of  work  that 
could  be  laid  much  faster  than  the  work  on  the  lock  walls,  as  it  comprised  no  dimen- 
sion stone,  and  required  very  few  closers,  which  cause  about  one-half  the  delay  attach- 
ing to  first-class  masonry.  With  these  facilities  the  lock-chamber  walls,  the  miter-sills, 
the  filling  and  discharge  culverts,  were  all  completed  by  October  21, 1875.  This  finished 
all  the  work  that  could  be  done  to  advantage  by  travelers ;  they  were  accordingly 
taken  down  and  derricks  substituted  instead.  The  circular  bank-head  on  the  npper 
outside  of  the  lock  was  next  completed,  and  after  this,  the  more  difiicult  undertaking 
of  building  the  winding  wall  connecting  the  lock-wall  with  the  slope-wall  on  the  dike 
at  the  upper  shore  side ;  in  doing  this  it  was  necessary  to  excavate  to  the  solid  rock, 
which  was  about  14  inches  below  lock  bottom,  for  one-half  the  distance  through  the 

fuard-bank,  which  prevents  the  water  from  flowing  into  the  canal,  and  against  which 
ank  at  that  time  there  was  a  pressure  of  10  feet  of  water.  This  guard-bank  was 
joined  on  to  a  slope  wall  which  is  laid  over  a  deposit  of  loose  stone  and  gravel  through 
which  the  water  percolated  quite  freely.  In  view  of  the  great  damage  which  would 
result  from  an  accident  at  this  place,  great  precaution  was  taken,  and  as  fast  as  there  was 
any  excavation  made  to  the  rock  the  wall  was  laid,  and  then  a  good  puddle  connection 
was  made  from  that  to  the  the  bank,  a  close  watch  being  kept  while  any  part  of  it  was  ex- 
posed. This  connection  is  now  completed  with  the  exception  of  about  200  cubic  yards 
of  slope  and  riprap-wall  remaining  to  be  laid  on  the  dike  above  the  lock.  The  next 
was  equally  as  difficult  an  undertaking,  it  being  that  of  building  the  culverts  for  feed- 
ing or  filling  the  canal ;  thev  are  connected  with  the  lower  outside  wing- wall  of  the 
lock,  which  was  continued  through  the  canal  bank  into  the  river.  To  make  the  exca- 
vation and  build  the  masonry,  it  was  necessary  to  build  a  cofier-dam  around  the  open- 
ing connecting  with  canal  bank  above  and  below  it ;  there  being  about  4  feet  of  a 
mud  deposit  mixed  with  the  lining  placed  as  a  protection  to  the  bank,  it  was  a  very 
difficult  matter  to  make  a  dam  that  would  resist  the  pressure  of  the  water,  and  had  the 
dam  given  away,  or  had  there  come  a  sudden  rise  in  the  river,  which  would  ovei^ow 
it  before  the  walls  were  in,  still  greater  damages  might  have  been  sustained  than  had 
the  guard-bank  given  way.  Every  precaution  was  taken  to  render  it  as  secure  as 
possible,  and  a  close  watch  kept ;  the  walls  were  pushed  forward  as  fast  as  the  ma- 
terials could  be  prepared  in  order  to  carry  it  out  of  reach  of  danger.  Within  two  hours 
after  this  had  been  done,  and  temporary  plank  gates  placed  over  the  culvert  openings, 
the  dam  was  flooded  by  a  rise  in  the  river,  and  the  water  came  up  to  within  17  inches 
of  the  top  of  the  wall.  Owing  to  the  extremely  favorable  weather  during  the  latter 
part  of  the  fall,  and  during  December  and  January,  the  upper  connecting  walls  and 
the  filling  culvert-walls  were  kept  in  operation  until  February  11.  On  that  date  work 
on  the  guard-lock  was  suspended  on  account  of  the  appropriation  having  been  ex- 
hausted. 

The  labor  still  remaining  to  be  done  to  complete  the  guard-lock  section,  comprises 
the  following  work :  completing  the  connecting  walls  of  the  filling  culverts  with  the 
wing-wallof  the  lock  on  the  upper  side,  and  with  the  riprap- wfdl  on  the  canal  em- 
bankment on  the  lower  side^  building  the  circular  wall  connecting  the  wing-waU  with 
the  slope- wall  on  the  lower  inside  of  lock,  the  laying  of  all  the  slope-wall,  the  excava- 
tion of  the  rock  in  the  prism  of  the  canal  for  100  feet  below  the  lock,  the  grading  and 
filling  back  of  the  walls,  and  the  completion  of  the  embankment  on  the  outside  of  the 
lock.    To  do  all  of  this  will  require  about  three  months  work  with  a  moderate  force. 

It  IB  to  be  exceedingly  regretted  that  this  delay  has  occurred,  as  had  the  funds  held 
out,  or  had  a  special  appropriation  been  made  to  keep  the  work  in  operation,  it  would 
have  been  an  easy  matter  to  complete  this  lock  ready  for  operation  during  the  low 
water  of  this  year. 

STONE  FOR  COMFLETINO  OUARD-LOCK. 

The  8 tone  for  completing  the  guard-lock  has  been  furnished  under  an  extension  of 
the  contract  entered  into  with  Messrs.  Wells,  Timberman  &  Co.,  of  Keokuk,  Iowa, 
dated  September  2, 1874.  They  filled  their  entire  contract  from  the  Sonora  quarry, 
about  2  miles  below  this  point.  The  stone  is  of  the  very  best  quality  of  roagnesian 
limestone  that  is  found  in  this  locality.  They  complied  strictly  with  their  contract, 
and  willingly  and  faithfully  filled  all  orders  as  fast  as  required.  They  completed  their 
contract  finally,  October  16, 1875. 

HYDRAULIC  CEMENT  FOR  COMPLETING  GUARD-LOCK. 

You  are  aware  that  the  cement  furnished  by  the  Saint  Louis  Cement  Company  (under 
contract  dated  October  12, 1874,)  was  condemed ;  a  statement  of  which  was  incorporated 
in  my  last  annual  report,  and  an  application  was  made  for  authority  to  enter  into  a 
contract  with  the  "  Western  Cement  Company,"  they  being  the  next  lowest  bidders, 
at  the  letting  held  in  this  office  on  the  18th  of  August,  1874.  This  authority  was 
given,  and  a  contract  was  accordingly  entered  into  under  date  of  July  20, 1875.    The 
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Utica  cement  is  well  known  and  has  always  given  good  satisfaction  on  this  improve- 
ment, where  freqnent  opportunities  were  had  to  compare  its  qualities  with  other  ce- 
ments. The  great  facilities  established  by  Clark  and  Son,  of  the  Western  Cement  Co., 
for  manufacturing  and  shipping,  and  the  promptness  with  which  they  met  all  demands 
made  on  them  deserve  commendation.  With  these  excellent  and  complete  arrange- 
ments for  the  supply  of  materials,  and  the  carrying  on  of  the  work,  steady  and 
rapid  progress  was  made  during  the  year  with  a  result  which  is  eminently  satisfactory. 
From  an  examination  of  the  three  locks,  the  lower  and  middle  locks  built  by  con- 
tract and  the  guard-lock  by  day's  labor^  the  judgment  of  any  experienced  person  would 
pronounce  the  guard-lock  to  be  far  superior  to  the  others  in  every  respect. 


LOCK-GATES. 

By  reference  to  my  last  annual  report  you  will  see  that  the  work  at  the  beginning  of 
the  year  was  about  suspended  on  account  of  the  oak  timber  that  had  been  delivered 
for  that  purpose  being  very  defective,  and  it  was  necessary  to  await  the  formality  of 
condemning  it  and  obtain  authority  to  purchase  other  timber  in  place  of  it.  This  was 
accordingly  obtained  and  a  bill  of  timber  made  out  to  duplicate  the  whole  lot,  with 
the  exception  of  the  arch  timbers.  Instead  of  making  the  arch  timbers  of  one  solid 
piece,  it  was  decided  to  build  them  of  members  of  from  3  to  4  inches  in  thickness, 
which  has  proved  to  be  a  very  valuable  change,  as  it  is  an  easy  matter  to  bend  pieces 
of  these  dimensions,  while  it  took  hydraulic  pressure  to  bend  the  square-timbers.  Ax- 
rangements  were  made  with  Messrs.  C.  Crane  &  Co.,  of  Peru,  Ind.,  for  the  furnishing 
and  delivery  of  the  timber  at  an  exceedingly  low  i>rice,  they  representing  that  they  haid 
the  timber  and  facilities  to  deliver  same  as  fast  as  it  would  be  required,  but  in  this  they 
completely  faiIed,for  when  the  time  had  elapsed  for  them  to  have  completed  their  contract, 
they  had  scarcely  begun  to  deliver  any  of  it.  Finally,  there  was  enough  delivered  to  war- 
rant tbe  commencement  of  the  middle  lock-gates.  This  being  a  very  different  class  of 
work  from  that  to  which  most  mechanics  are  ordinarily  accustomed,  the  progress  made 
was  quite  slow  at  first,  but  became  more  satisfactory  afterward.  All  the  timbers  in 
the  lock-gates  have  been  put  through  a  process  of  boiling  for  a  ^jeriod  of  from  6  to  8 
hoars,  to  free  them  from  the  sap.  The  necessary  force  of  blacksmiths  was  kept  steadily 
at  work,  being  employed  iu  upsetting  all  the  truss,  anchor,  and  suspension  rods  to  the 
columns,  cutting  threads  on  all  these  rods  and  nuts  to  match,  and  making  the  tnm- 
hucklers,  so  that  about  all  this  work,  with  the  exception  of  fitting  it  in  its  place,  has 
been  done.  * 

The  work  accomplished  thus  far  is  as  follows :  At  the  middle  lock  the  2  lower  gates 
are  built  in  their  places  and  suspended;  wickets  are  all  in, and  all  completed  except 
the  planking  on  the  upper  side.  The  2  upper  gates  are  built,  but  not  suspended  to  the 
columns.  The  wickets  are  all  in,  and  it  will  De  but  a  matter  of  a  few  days'  work  to 
complete  iknd  swing  them. 

At  the  lower  lock  the  upper  gates  are  built,  but  are  not  suspended  from  the  columns. 
The  lower  inside  ^ate  is  built  all  but  putting  on  a  part  of  the  bent  timbers  and  sus- 
pended. The  preliminary  work  and  the  preparation  of  materials  is  well  advanced,  and 
the  labor  yet  to  be  done  is  principally  putting  up  the  gates  and  fitting  the  iron-work 
to  them.  The  timber  and  iron  is  now  on  hand,  and  there  will  consequently  be  but  lit- 
tle material  to  purchase.  This  work  was  stopped  at  the  close  of  February  on  account 
of  the  appropriation  having  been  expended.  All  of  this  work  has  been  done  by  days' 
labor,  it  requiring  principally  mechanical  and  skilled  labor,  and  great  pains  have  been 
taken  to  do  every  part  of^it  in  the  best  manner  as  the  importance  of  the  work  demands ; 
and  it  would  be  a  difficult  matter  to  have  it  done  by  contract..  All  of  the  tools  have 
been  collected  into  the  buildings  at  each  lock  and  a  watchman  placed  there  to  look 
after  them.  The  delivered  materials  are  protected  as  well  as  possible  to  prevent  dete- 
rioration. 

Statement  of  the  cost  of  the  different  classes  of  work  in  constructing  the  guard-lock. 

[Labor  hired  by  the  XTnited  States.] 


Class  of  work. 


Cat-stone  masonry cnbic yards.. 

Concrete  foandation do 

Slope  wall ' do 

PavinfT calverts square  feet.. 

Procarlng  sand cable  yards.. 

Earth  excavation do 

Bock  excavation do 

Wroaghtiron,  (in  work) poands 

Cast  iron,  (in  work) do 

Bailing  and  draining,  (7  months) per  month.. 


Qaantities. 

6,916 

48 

S99 

1,796 

630 

15,8S5 

40 

3,611 

10,650 

Cost. 


$5  02 
S  85 

80 
S8 
79 
35 
1  03 

.00  6-10 
369  65 
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JExhibit  of  stone  delivered  at  the  ffuardrlock  during  the  fiscal  year  ending  June  30, 1876. 


Denomination. 


Face  stone , 

Backing  stone... 
Slope-wall  Btone. 


Total. 


Cnbic 
yards. 


2,308.36 

502.14 

1,553.46 


I 
I 


f  13  00 
7  00 
4  00 


Cost 


130,007  38 
3, 514  98 
6, 213  84 

3i),736  20 


Sxhihit  of  hydraulic  cement  delivered  at  guard-lock  during  fiscal  year  ending  June  30, 1876. 
3,430  barrels  of  bydraalic  cement  of  300 pounds  each,  at  $1.99  per  barrel....  $6, 836  70 

MACHINERY  FOR  OPERATING  LOCKS. 

In  pursuance  of  the  design  for  the  hydraulic  machinery  for  operatinj?  the  lock-^tes, 
drawings  were  prepared  in  the  month  of  August,  1875,  and  the  firm  of  Sample,  M^Elroy 
&  Co.  invited  to  furnish  a  proposal  for  prices  of  the  material  and  labor  required  to  con- 
struct and  erect  the  machinery  aforesaid.  In  compliance  with  this  invitation,  Messrs. 
Sample,  McElroy  &  Co.,  of  Keokuk,  Iowa,  sent  in  a  proposal  dated  August  5, 1875,  con- 
taining prices  by  weight  or  measurement  for  all  castings,  wrou^ht-iron,  chains,  wire- 
rope,  and  wrougnt-iron  pipe.  Also  a  net  price  for  the  steam-engmes  and  boilera;  The 
proposal  of  Messrs.  Sample,  McEIroy  &.  Co.  being  accepted,  work  was  at  once  com- 
menced and  carried  on  until  the  suspension  of  all  work,  February  29, 1876. 

In  order  to  prevent  delay,  the  chain,  wrought-iron  pipe,  and  wire-rope  was  ordered 
at  once;  the  wire-rope  being  made  in  lengths  required,  at  the  manufactory  of  Roeblin^^ 
&  Sons,  Trenton,  N.  J.  All  work  was  transported  to  the  locks  as  needed,  advan- 
tageous terms  having  been  made  for  such  transportation,  which  was  done  mainly  whilo 
the  roads  were  in  excellent  condition  for  heavy  hauling.  The  stone,  brick,  and  lum- 
ber required  for  the  engine-houses  were  ordered ;  clean  sharp  sand  for  mortar,  was  ob- 
tained from  the  bed  of  a  neighboring  creek,  work  was  commenced  on  the  dressed  stone- 
trimmings  and  every  precaution  tsu^en  to  insure  the  progress  of  all  portions  of  the 
work  without  delay. 

The  hydraulic  machinery  at  each  lock  consists  of  4  cylinders,  16  inches  diameter  by 
6-foot  stroke,  one  for  operating  each  set  of  culvert  gates ;  one  cylinder,  16  inches  diam- 
eter by  6  feet  2  inches  stroke,  for  operating  the  gates  at  head  of  sluice ;  and  4  cylinders, 
9  inches  diameter  by  5  feet  8  inches  stroke,  for  operating  lock  gates.  These  9  cylinders 
are  connected  with  the  main  dist^buting  valve,  and  are  under  the  complete  control  of 
the  engineer,  at  the  engine-house.  The  culvert  ^ates  are  of  cast-iron,  sliding  on  planed 
cast-iron  frames  bolted  to  the  stone  work,  cushions  of  oak  being  interposed  between 
the  iron  frames  and  the  stone.  The  connections  of  the  machinery  are  made  with 
wrought  and  cast-iron  gate-stems,  f -inch  iron  chain  and  i-inch  wire  rope  passing  over 
iron  pulleys  24  inches  diameter,  and  connected  with  the  cross-heads  on  piston-rod  by 
means  of  adjustable  eye-bolts  for  taking  up  the  slack  in  chains  and  rope ;  leather 
packing  is  used  on  the  pistons  and  piston-rods,  and  relief  valves  in  pistons  remove  the 
pressure  as  soon  as  the  full  stroke  is  reached. 

The  connections  with  lock  gates  are  made  with  iron  chain,  kept  in  position  (on  the 
curve  of  an  arc  of  a  circle,  whose  center  is  the  center  of  the  heel-post,)  by  iron  plates 
secured  to  the  bottom  of  the  lock;  the  chain  is  picked  up  by  pulleys  secured  under 
the  lower  timbers  of  the  gate,  is  passed  over  a  second  set  of  pulleys  at  the  top  of 
gate,  where  it  is  spliced  to  a  ^inch  wire  rope  which  passes  around  horizontal  pulleys  at 
the  heel-post,  and  is  rove  through  a  set  of  seven-fold  blocks:  these  blocks  are  connected 
with  a  |-inch  wire  rope  which  passes  over  iron  pulleys  30  inches  in  diameter^  and  is 
secured  to  the  cross-heads  on  piston-rod.  The  vital  principle  of  this  plan  being  the 
equalization  of  the  pull  at  all  points  in  the  opening  and  shutting  of  the  ^ate. 

Water  connections  between  cylinders  and  the  distributing  valve  at  engine-house  are 
made  with  extra  heavy  wrought-iron  pipe,  of  2  inches  internal  diameter,  and  patent 
sleeve-coupling  joints ;  where  flange  joints  were  necessary,  they  were  made  with  thin 
sheet-copper,  between  faced  cast-iron  flanges. 

The  pipes  are  laid  4  feet  6  inches  below  surface  of  ground,  the  earth  being  oarefdlly 
tamped  above  them,  and  no  rock  used  in  refilling  the  trenches.  The  pipes  were  care- 
fully staked  in  position,  so  that  no  springing  can  displace  them.  Where  curves  were 
rendere<l  necessary,  the  pipes  were  bent  cold  on  large  curves,  and  many  short  curves 
thus  avoided.    The  pipes  forming  the  connection  across  the  lock  are  supplied  with 
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drain  cooks  to  draw  off  all  water ;  the  hydraulic  cylinders  can,  by  a  like  arrangement, 
be  drained.    All  pipes  were  tested,  when  laid  with  a  pressure  of  350  to  375  pounds 
per  square  inch. 

The  pnmping  apparatus  for  supplying  pressure  to  the  hydraulic  cylinders,  consists 
of  an  upright  steam-engine,  stationed  on  the  main  floor  of  the  engine-house,  and  joined 
to  the  pump  in  the  basement  by  a  rigid  connection  of  iron  colnmns,  bolted  to  the  stone 
foundation  pier.  Steam  cylinder,  12  inches  diameter  by  12-inch  stroke,  operating  a 
donbl^action  piston-pump  ;  pump,  6  inches  diameter  by  12-inch  stroke,  with  12  lift- 
valves,  3  inches  diameter,  8  receiving  and  4  delivery  valves ;  area  of  steam-piston  113.09 
square  inches  to  2d.27  square  inches  area  of  pump,  or  four  to  one;  mean  pressure 
exerted  by  pump,  200  pounds  to  square  inch ;  maximum  pressure,  300  pounds  to  square 
inch. 

Engine  furnished  with  fly-wheels,  governor,  self-feeding  oil-cups,  and  every  appli- 
ance to  save  the  close  attention  of  the  engineer,  which  would  otherwise  be  demanded, 
and  the  throttle- valve  is  so  placed  that  the  engineer  can  stop  the  engine  without 
moving  from  his  place  at  the  distributing-valve;  a  pipe  leading  to  exterior  of 
building  and  connected  with  the  pump,  furnishes  the  means  for  snbduing  any  fire 
that  might  occur  within  the  building  itself,  or  any  boat  passing  through  the  look. 

The  ^iler  for  steam-engine  is  of  upright  fire-box  form,  50  inches  diameter,  7  feet 
high,  and  having  91  flues  2i  inches  diameter ;  shell  of  boiler  of  United  States  ten'bile 
strength  iron,  ^  inch  thick.  The  boiler  supplied  with  an  independent  pump,  and  is 
also  connected  with  the  main  pump ;  is  furnished  vnth  safety-valves,  steam  and  water 
gauges,  blow-off  and  gange-cocks,  and  12  brass  cleaning-plugs ;  also  a  steam-whistle 
above  roof  of  building  for  signallinj^  steamboats. 

The  boilers  were  inspected  before  leaving  the  shops  and  tested  with  cold  water  pres- 
sure 150  pounds  to  the  square  inch.  During  the  month  of  February  repeated  tests  were 
made  of  the  steam  pumping-apparatns  and  the  lower  culvert  gate  machinery  on  both 
sides,  with  satisfactory  results. 

ENGINE  HOUSES. 

The  houses  for  containing  the  steam  pumping-apparatns  at  the  locks,  are  built  in  the 
most  substantial  manner  and  are  first-class  in  every  respect.  The  one  at  the  middle 
lock  is  nearly  completed,  only  some  interior  fittings  remain  to  be  finished. 

The  house  at  the  lower  lock  has  the  foundation  completed  ready  for  superstructure ; 
about  one-half  the  stone-trimmings  are  cut  ready  for  use. 

The  material  used  in  the  construction  is  magnesian  limestone  for  exterior  walls  and 
brick  for  the  partition  walls.  Outside  dimensions  of  house  27  feet  4  inches  by  27  feet 
4  inches.  Thickness  of  exterior  walls,  18  inches.  Ashlar  work  cut  with  rock  face,  level 
beds,  and  square  joints.  Window  and  door-trimmings,  arch  stones,  &c.,  cut  with  rock 
face,  margin  draught,  and  jambs  tool-dressed.  Platforms  and  steps,  hammer-dressed. 
Cornice,  brackets,  &c.,  tool-dressed.  The  foundations  of  all  exterior  and  cross  walls 
and  the  piers  for  the  engine,  boiler,  and  chimney  are  built  of  rubble  stone,  and  rest  on 
the  solid  bed-rock  at  a  distance  of  from  17  to  1§  feet  below  the  level  of  the  lock-wall 
coping.  In  the  basement  is  a  brick  cistern  8  feet  in  diameter,  height  to  apex  of  arch  16 
feet,  divided  by  a  partition  wall  into  filtering  and  storage  compartments.  A  6-inch  pipe 
with  shut-o£f  cock,  supplies  water  from  the  lock.  The  drainage  from  roof  of  builaing 
is  convened  to  the  cistern.  Main  floor  of  building  contains  an  engine-room,  24  by  iS 
feet ;  boiler-room,  10  feet  2  inches  by  10  feet  4  inches ;  coal-room,  13  feet  6  inches  by 
7  feet.  A  reoess  in  the  engine-room  contains  the  basement  stairway.  The  pnmping- 
room,  store-room,  and  ash-pit,  situated  in  the  basement,  are  all  well  lightea  by  win- 
dows opening  above  ground.  A  large  loft  under  the  roof  is  for  the  storage  of  the  pat- 
terns used  on  the  work.  Height  of  main  floor,  11  feet  in  clear;  basement,  6  feet  in 
clear;  main  floor  above  lock-wall  coping,  4  feet;  floor-Joists  and  flooring  of  Oeorgia 
pine— joist,  10  inches  by  2  inches — 1  foot  3  inches  on  centers ;  rafters,  10  inches  hj  2 
inches^  pine,  1  foot  3  inches  on  centers,  covered  with  matched  flooring,  extra  thick 
felting,  and  heavy  Lehigh  slate,  12  inches  by  20  inches ;  copper  gutters  and  flushing, 
and  galvanized  iron  hippings  and  water-pipes ;  a  fire-proof  floor  for  boiler-room,  with 
an  iron  man-hole  plate,  giving  access  to  ash-pit. 

The  floor  is  a  bnck-groined  arch,  covered  with  concrete.  The  windows  of  main  floor 
command  a  view  up  and  down  the  canal,  and  of  the  gates. 

The  engine-house  at  middle  lock,  completed  excepting  the  doors,  finished  flooring 
and  painting  and  glazing  the  window-sashes  which  are  made. 

The  lower  gate,  and  culvert  cylinders,  4  in  all,  are  erected,  and  connections  made 
and  enclosing- walls  built.  Upper  gate,  and  culvert  cylinder,  east  side,  are  set  and 
water-connections  made.  All  the  remaining  machinery  for  the  middle  lock  is  either 
on  the  ground  or  at  the  shops  of  Sample,  McElroy  &  Co.  A  short  time  will  suffice  to 
complete  the  work  at  this  look. 
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LOWER  LOCK. 

The  foundation  for  the  en^^ine-house  completed  to  the  level  of  lock  wall  and  ready 
for  superstructure.  Cistern  completed,  and  water-pipes  laid  excepting  those  forming 
the  connections  across  the  lock.  About  one-half  tne  stone  trimmings  are  cut,  ready 
for  use.  Culvert-gate  frames  and  oak  for  cushions  are  ready  to  use.  In  excavating 
for  foundations,  great  difficulty  was  caused  by  caving  in  of  banks  and  the  flooding  of 
the  pit  with  water,  but  these  obstacles  were  successfully  overcome. 

GUABD-LOCK. 

The  sluice  gates  opening  from  the  river  are  placed  in  position.  When  work  was  sus- 
pended, February  29, 1876,  all  portions  of  the  machinery  were  protected  as  far  as  pos- 
sible from  injury  caused  by  rusting  of  the  several  parts;  considerable  injury  however, 
will  result  from  any  protracted  delay. 

The  amount  of  funds  available  for  this  work  at  the  beginning  of  the  fiscal  year  was : 

Balance  from  last  year's  appropriation $101,889  88 

Amount  appropriated  by  act  of  Congress  approved  March  3,  1875 480, 000  00 

Total 681,889  88 

On  June  30, 1876,  at  the  close  of  the  fiscal  year  the  entire  amount  was  expended. 
No  appropriation  has  as  yet  been  made  for  carrying  on  this  work  during  the  fiscal 
year  ending  June  30, 1677,  but  the  amount  asked  for,  and  which  it  is  hoped  will  soon 
be  appropriated  is  $275,584.  This  amount  will  complete  the  work  and  open  the  im- 
provement to  navigation  unless  some  unforseen  cause  prevents.  Amount  required  for 
maintenance  of  the  work  during  fiscal  year  ending  June  30,  1878,  $40,000. 

The  gentlemen  connected  with  me  in  the  supervision  of  the  work  during  the  past 
vear,  have  exhibited  great  zeal,  and  have  performed  more  than  the  usual  amount  of 
labor;  and  I  feel  much  indebted  to  them  for  the  results  accomplished  in  the  face  of 
most  disheartening  difficulties  and  disasters.  The  Mississippi  River,  at  this  point,  was 
never  before  known  to  exhibit  such  freaks  as  those  of  the  past  season.  The  cost  of  the 
work  has  consequently  been  increased,  and  the  time  of  its  completion  delayed. 
Very  respectfully,  your  obedient  servant, 

Amos  Stickney, 
Captain  of  Engineers,  U.  S,  J. 
Col.  J.  N.  Macomb, 

Coipa  of  Engineers^  U,  S.  A, 


N3. 
IMPROVING  ROCK  ISLAND  RAPIDS,  MISSISSIPPI  RIVER. 

Congress  appropriated  $50,000  for  the  fiscal  year  1875-^76.  At  the 
letting  of  the  work,  June  17, 1876,  Mr.  George  Williams,  of  Keokak, 
Iowa,  was  the  lowest  responsible  bidder.  The  abstract  of  proposals  in 
relation  to  the  letting  was  submitted  in  my  last  annual  report.  (See 
Report  of  Chief  of  Engineers  for  1875,  part  I,  page  463.)  The  work  of 
excavation  at  Lower  Chain  was  commenced  in  August  and  finished  in 
November,  1875,  excepting  the  removal  of  a  portion  of  the  coffer-dam 
dibrU^  which  was  effected  in  April,  1876.  The  amount  of  rock  excavation 
at  this  place  was  2,340.5  cubic  yards.  I  take  pleasure  in  stating  that 
the  contractor,  Mr.  Williams,  performed  this  work  with  his  usual  energy 
and  care.  As  soon  as  the  high  stage  of  water  in  the  river  recedes  I 
shall  order  an  investigation  in  relation  to  the  removed  coffer-dam  dSbriSj 
and  then  close  his  contract  by  a  final  estimate  and  paying  him  the  re- 
tained per  centage. 

At  Saint  Louis  Chain  the  excavation  of  305.44  cubic  yards  was  made 
by  machinery  and  hired  labor.  I  have  already  in  my  letter  of  October 
1, 1875,  stated  that  this  experiment  turned  out  to  be  a  success  in  engi- 
neering and  in  point  of  economy.    I  hope  that  I  may  be  allowed  to 
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continue  the  work  by  bired  labor  at  certain  places  ou  Saint  IjOuIs, 
Campbell's  and  Duck  Creek  Chains,  during  the  coming  year  especially 
if  the  appropriation  for  the  fiscal  year  ending  June  30, 1877,  now  pend- 
ing in  the  liver  and  harbor  bill,  should  be  but  $20,000,  instead  of  the 
$50,000  applied  for.  The  projects  with  the  various  maps  are  ready  to 
be  submitted,  and  it  will  be  seen  that  even  with  the  small  appropriation 
of  $20,000  a  comparatively  good  result  for  navigation  can  be  gained  in 
removing  rock  by  hired  labor.  Should  but  $20,000  be  granted  by  Con- 
gress, I  shall  be  obliged  to  ask  for  a  final  appropriation  of  $50,000  for 
the  completion  of  the  improvement. 

From  my  annual  report  of  1874  and  1875,  it  will  be  seen  that  the  im- 
provement at  the  foot  of  Moline  Chain  has  been  considered  the  closing 
stone  of  the  work,  and  this  could  not  be  accomplished  on  account  of  the 
insufficient  appropriations  granted  by  Congress  for  several  years. 

New  and  careful  additions  by  a  hydrographic  survey  of  last  fall  ex- 
hibit the  amount  of  rock  at  this  final  work  to  be  about  2,500  cubic  yards. 

The  current  at  the  Moline  Chain  is  very  rapid,  exceeding,  at  a  stage 
of  low-water,  8  feet  per  second,  and  some  of  the  patches  of  rock  to  be 
removed  lie  in  the  middle  of  the  channel,  and  others  intrude  into  it. 

Cofifer-dam  bnilding  is  out  of  question,  as  it  would  stop  navigation, 
and  the  rock  must  therefore  be  taken  out  by  chisel  and  dredge,  and  even 
these  implements  are  here  subjected  to  such  difficulties  as  to  increase 
the  price  per  cubic  yard  considerably  higher  than  on  any  other  chain. 
As  I  stated  in  my  last  report,  $18  per  cubic  yard  will  not  be  too  high 
an  estimate,  and  based  upon  this  supposition,  an  appropriation  of 
$50,000  for  this  important  closing  work  at  Moline  Chain  is  respectfully 
applied  for  for  the  fiscal  year  ending  June  30, 1878. 

I  most  earnestly  recommend  this  final  work  of  closing  the  Eock  Isl- 
and Eapids  improvement  to  the  consideration  of  Congress,  adding  at  the 
same  time  that  the  improvement  thus  far  has  proved  to  be  a  perfect 
success. 

For  further  information  in  detail  in  regard  to  operations  during 
the  fiscal  year  ending  June  30, 1876, 1  beg  leave  to  refer  you  to  the  re- 
port of  Assistant  Engineer  £.  F.  Hoffmann,  which  is  herewith  submitted. 

Money  statement 

Amount  available  July  1,  1875 952,4:$2  03 

Amount  expended  during  fiscal  year  ending  June  30, 1876 46, 702  87 

Amount  available  July  1, 1876,  including  8*^,808.60  due  on  contracts 5, 729  16 

Amount  appropriated  by  act  approved  August  14, 1876 25, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1878.  50, 000  00 


report  of  mr.  e.  f.  i10ffma2?n,  assistant  engineer. 

United  States  Engineer  Office, 

Bock  Island,  III,  July  1,  1876. 

Colonel  :  I  have  the  honor  to  submit  my  annual  report  of  operations  for  the  improve- 
ment of  the  Rock  Island  Rapids  of  the  Mississippi  River  during  the  fiscal  year  ending 
June  30, 1876. 

For  applying  the  appropriation  of  $50,000  made  on  the  3d  of  March,  1875,  for  the 
work  of  improving  Rock  Island  Rapids  of  the  MissiSvsippi  River,  your  project  of  April 
21,  1875,  submittea  to  the  Chief  of  Engineers  United  States  Army,  recommended : 

Ist.  The  continuance  of  excavation  at  Lower  Chain,  this  work  to  be  done  by  con- 
tract, as  there  was  none  of  the  requisite  equipment  for  doing  it  ourselves,  and  the  cost 
of  such  equipment  would  be  so  great  as  to  leave  no  margin  for  the  payment  of  wages. 

2d.  For  accomplishing  the  small  amount  of  work  required  at  Saint  Louis  Chain,  tnis 
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work  to  be  done  by  hired  labor  and  machinery.  You  stated  that,  by  taking  advantage 
of  the  low  water  at  the  usnal  time  in  the  latter  part  of  the  sammer  or  in  the  fiedl,  the 
work  oonld  be  reaohed  by  the  workmen  standing  npon  platforms  supported  upon  tripods 
resting  upon  the  bottom  of  the  river,  and  you  added  that  it  was  your  belief  that  the 
work  could  be  done  for  less  than  any  contractor  would  undertake  so  small  a  piece  of 
work. 

Tour  programme  received  the  approval  of  the  Chief  of  Engineers,  and  you  were 
authorized  to  advertise  the  work  at  Lower  Chain ;  in  consequence  of  which,  on  the 
the  17th  of  June,  1875,  Mr.  George  Williams,  of  Keokuk,  appeared  to  be  the  lowest 
responsible  bidder,  and  a  contract  was  entered  into  with  him,  for  doing  the  work  of 
excavation  at  Lower  Chain,  at  a  price  of  $12  per  cubic  yard,  to  be  removed  from  the 
bed  of  the  Mississippi  by  means  of  a  coffer-dam.  The  price  of  $13,  including  all  pre- 
paratory work,  such  as  building  the  oofifer-dam,  bailing,  blasting,  and  removing  the 
rock. 

I.— WORK  OP  EXCAVATION  AT  LOWER  CHAIN  DONE  BY  CONTRACT. 

Owing  to  the  fact  that  the  contractor,  Mr.  George  Williams,  had  entered  into  an 
agreement  for  the  hire  of  dredge  and  other  implements  at  the  Des  Moines  Rapid  Im- 
provement of  the  Mississippi  River,  he  could  not  commence  this  work  until  August  21, 
when  he  began  with  his  accustomed  energy.  In  three  days— on  August  21, 23,  and  24 — 
he  sunk  12  cribs  for  the  purpose  of  building  a  breakwater,  previous  to  erecting  the 
head  of  the  coffer-dam.  These  cribs  were  12  feet  by  12  feet,  and  12  feet  by  16  feet 
standing  in  11  feet  of  water. 

On  August  26  the  first  comer  of  the  coffer-dam  was  sunk,  and  on  3d  of  September 
1,480  running  feet  of  coffer-dam  had  been  built,  and  the  same  closed.  The  dam  was 
on  the  head  and  on  the  side  toward  the  Iowa  shore  10  feet,  and  on  side  toward  the 
Illinois  shore  8  feet  in  width,  standing  in  a  depth  of  water  varying  from  8  to  12  feet. 

Pumping  was  gradually  commenc^  on  the  4th  of  September  and  continued  to  the 
8th  of  September,  when  a  portion  of  the  lower  part  of  the  dam,  about  140  feet,  broke, 
and  the  water  whirled  with  great  vehemence  chisel-boat,  fiatboats,  and  the  boat  with 
the  machine-shop  from  their  moorings  through  the  opening  into  the  coffer-dam,  smash- 
ing the  pumps  and  boats  quite  seriously  and  endangering  the  life  of  several  workmen. 
In  a  few  minutes  the  dam  was  filled. 

The  water  had  been  rising  for  some  days,  and  continued  to  be  at  a  high  stage  for 
several  weeks,  so  that  the  work  at  the  dam  was  abandoned. 

On  October  7  the  contractor  resumed  work  in  closing  the  break,  which  was  effected 
on  the  15th  of  October,  and  in  course  of  4  days  the  water  was  bailed  out  by  means  of 
two  12-inch  rotary  pumps,  and  the  bottom  of  the  river  laid  bare. 

The  quantity  oi  rock  m  the  pit  of  the  coffer-dam  was  determined  by  a  careful  level 
survey,  which  showed  an  amount  of  2,340.5  cubic  yards,  distributed  over  an  area  of 
63,428  square  feet.  The  estimate  for  this  work,  based  upon  the  previous  hydrographio 
survey  made  bv  the  sounding  machine,  exhibited  an  amount  of  2,427.70  cubic  yards, 
or  showed  a  difference  of  87  cubic  yards,  or  3.8  per  cent.  I  will  state  that  the  differ- 
ence between  a  carefully-made  level  survey  and  a  hydrographic  survey  made  by  means 
of  the  Bounding  machine  used  at  these  works,  has  never  shown  a  larger  difference  in 
the  percentage  than  4  per  cent  at  different  chains  where  such  comparison  has  been  es- 
tablished. 

The  result  might  be  called  a  very  fair  one,  when  I  add  that  the  comparison  is  based 
upon  13  coffer-dams,  varying  in  size  from  3  to  42  acres,  and  in  cubical  measure  from 
800  cubic  yards  to  17,000  cuoic  yards. 

From  the  20th  of  October  to  the  8th  of  November  the  contractor  worked  an  average 
of  160  men  in  the  pit  of  the  coffer-dam,  and  had  between  8  and  10  teams  engag^, 
which  hauled  the  blasted  rock  out  of  the  pit  to  the  crest  of  the  coffer-dam,  ana  from 
there  to  flat-boats  moored  to  the  dam.  The  contractor  towed  the  loaded  flat-boats,  by 
steamer,  a  mile  down  the  river,  to  a  point  on  the  Iowa  shore,  where  the  city  of  Daven- 
port availed  herself  of  your  permission  to  use  the  renioved  rock  for  the  improvement 
of  her  streets.  Powder  was  used  for  an  explosive,  and  the  firing  done  by  fuse.  In  the 
average  the  rock  being  a  limestone  of  minor  hardness,  it  blasted  well  and  facilitated 
the  work.  When  the  work  was  reported  to  be  finished,  a  final  survey  with  the  level 
was  made,  which  showed  that  the  contractor  had  done  a  most  excellent  work.  The 
bottom  of  the  pit,  where  excavation  had  been  effected,  was  so  smooth  and  plane  that 
the  level  never  found  a  point  higher  than  the  given  grade,  and  varying  from  0  to  0.2  of 
a  foot  below  grade.  Your  paragraph  in  the  advertisement  from  the  year  1871,  accord- 
ing to  which  you  stated  that  no  payment  would  be  made  for  any  excavation  below 
grade,  be  it  occasioned  by  stratification  or  any  other  reason,  has  acted  very  beneficially 
at  the  different  works  on  the  rapids.  It  has  taught  contractors  to  keep  close  to  grade 
by  taking  more  care  in  judging  quantity  of  powder,  depth  of  drill-holes,  and  the  ap- 
propriate use  of  sledge-hammer. 

AJfter.the  inspection,  you  gave  leave  to  remove  the  coffer-dam  and  cribs,  which  work^ 
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although  it  was  immediately  commenced,  had  to  be  abandoned  at  the  end  of  Novem- 
ber on  acconnt  of  the  heavy  ice  running  in  the  river.  In  the  month  of  April,  1876,  the 
contractor  resumed  the  work  of  removing  the  dSbris  of  coffer-dams  and  cribs,  and 
stated  that,  in  his  belief,  the  work  was  finished. 

The  very  high  and  unusually  long  high- water  stage  has  prevented  until  now  an  in- 
spection with  the  sounding  machine,  to  which,  with  your  permission,  an  improvement 
in  the  shape  of  a  rake  has  been  attached.  It  consists  of  13  divisions,  upon  a  length  of 
100  feet ;  each  division  has  two  perpendicular  wooden  poles,  adjustable  in  joints  to  the 
respective  depth  to  grade,  which  are  connected  at  the  lower  end  with  ^inch  iron  rod. 

The  machine  moves  slowly  up  stream  over  the  places  where  the  work  is  said  to  have 
been  effected.  In  case  it  strikes  against  the  smallest  remnant  of  obstructions  above 
the  line  of  grade,  the  wooden  pole  or  poles  in  one  or  more  sections  will  break  and  indi- 
cate the  place  where  the  d^Ma  have  not  been  removed.  As  the  length  of  the  rake  on 
the  machine  is  100  feet,  it  is  not  probable  that  anything  can  be  missed.  The  rake  is  a 
most  useful  improvement  on  the  sounding  machine. 

As  soon  as  the  stase  of  water  permits,  this  investigation  with  the  rake  will  be  made 
at  Lower  Chain,  and  a  final  estimate  can  then  be  given,  and  the  contractor  paid  the 
retained  percentage  on  the  work. 

A  copy  of  the  estimates  and  payments  to  Mr.  George  Williams  is  as  follows : 


Quantity  of  work,  &,o. 


Estimate  No.  1. 

EstimAted  amonnt  of  work  done  from  the  7th  to  Slat 
of  October,  1876,  InclaBiye : 

1,200  cubic  yards  of  rock  excavation  and  removal  at 
Lower  Chain : 


HtUmate  Nq.^. 

From  the  1st  to  8th  of  November,  1875,  inolnaive. 
Total  amount  of  work  done : 

2,340.5  cubic  yards  of  rock  excavation  and  removing  at 
Lower  Cham 


Deduct  previous  estimate. 


Pretent  estimate. 

Estimated  amount  of  work  performed  from  the  1st 
to  8th  November,  1875,  inclasive : 

1,1 10.5  cubic  yards  of  rook  excavation  and  removing  at 
Lower  Chain 


Contract 
price. 


$12  00 


12  00 


12  00 


Amounts. 


914, 400  00 


28,086  00 
14, 400  00 


13, 686  00 


13,686  00 


Percentuje 
retained. 


II,  440  00 


2,808  60 
1,440  00 


1,368  60 


Amount  of 
payment. 


$12, 960  00 


25, 277  40 
12,960  00 


12,317  40 


1,368  60 


12, 317  40 


II.— WORK  OP  EXCAVATION  AT  SAINT  LOUIS  ROCK,  DONE  BY  HIRED  LABOR  AND 

MACHINERY. 

Saint  Lonis  Rock  was  located  in  the  center  of  the  steamboat  channel  at  the  head  of 
Baint  Lonis  Chain,  opposite  Fnlton's  Island.  It  was  sitnated  about  1,200  feet  from  either 
shore,  and  consisted  oi  a  high  patch  of  magnesian-limestone  rock,  containing  about  305 
cubic  yards. 

The  location  and  extent  of  this  rock  had  never  been  fully  ascertained  by  this  office 
until  surveyed  and  located  in  the  fall  of  1874  with  the  sounding  apparatus  pertaining 
to  the  Rock  Island  Rapids  improvement.  During  the  progress  of  the  work  daily  rei- 
erence  was  made  to  the  maps  from  our  last  surveys  above  named. 

On  Monday,  July  19, 1875,  the  party  lefb  Rock  Island  on  a  flat-boat  70  feet  long  by  13 
feet  in  width,  loaded  with  a  camp  outfit  and  material  for  constructing  such  machinery 
and  apparatus  as  should  be  needed  in  prosecuting  the  work.  It  was  brought  up  to 
Fnltou's  Island  by  the  steamer  C.  J.  Canrey,  and  landed  there  Monday  night. 

On  the  following  day  camp  was  established,  and,  until  August  1,  time  was  employed 
in  the  construction  of  tripods  and  derrick,  and  in  fitting  up  the  flat-boat  in  such  a  man- 
ner as  to  enable  its  use  for  the  work. 

On  August  3,  the  flat-boat  was  removed  ftom  the  shore  and  placed  in  position  above 
Saint  Lonis  Rock,  and  a  large  tripod  over  the  highest  part  of  the  rock  was  planted. 
This  tripod  was  made  of  6  inches  by  6  inches  timbers,  35  feet  long,  and  so  constructed 
that  each  side,  and  the  space  inclosed  between  the  points  of  the  legs,  consisted  of  an 
equilateral  triangle,  with  side  35  feet  in  length.  The  points  of  the  legs  were  shod  with 
iron  points  to  prevent  slipping.  When  the  tripod  was  lowered  into  the  river-bottom, 
braces  3  inches  by  12  inches,  and  as  long  as  required,  were  spiked  on  to  the  legs  at  the 
surface  of  the  water,  and  planks  placed  across  the  braces  constituted  a  triangular  plat- 
form, from  which  the  work  of  drilling  was  carried  on.  As  needed,  other  tripods  were  con- 
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stmcted  and  placed  in  reference  to  the  first  and  each  other  in  snch  a  manner  that  the 
space  between  them  conld  also  be  covered  with  platforms,  and  thus  the  whole  surface  of 
the  rock  was  covered  with  a  working  platform  which  could  be  moved  at  will.  All  the 
trouble  and  uncertainty  caused  by  working  irom  a  floating  platform  was  in  this  way 
avoided.  In  order  to  manage  the  flat-boat  with  ease,  and  to  be  able  to  place  it  in  any 
position  the  work  or  circumstances  might  require,  an  anchor  up  stream  with  a  line  some 
700  feet  long,  running  to  a  powerful  crab  on  the  bow  of  the  flat-boat,  was  placed.  Also^ 
two  side  anchors  were  dropped  on  each  side  of  the  flat-boat  some  300  feet  distant,  having 
anchor  lines  running  to  the  bow  of  the  flat-boa/;  from  each  side,  and  anchor  lines  run- 
ning through  snatch -blocks  on  each  side  of  the  after  end  of  the  boat  to  two  small  crabs 
placed  near  the  center  of  the  flat-boat.    (See  sketch  No.  1.) 

The  arrangements  made  for  lifting  rock  and  tripods  were  as  follows :  24  feet  from 
the  end  of  the  flat-boat  was  a  strong  mast,  45  feet  high,  braced  with  strong  guys  6 
feet  from  the  foot  of  the  mast,  and  between  the  mast  and  the  after-end  of  the  boat  a 
foot-block,  13  feet  long,  14  inches  by  10  inches,  was  placed,  which  was  bolted  to  the 
deck  and  braced  by  four  pieces  of  6  inches  by  6  inches,  timber  6  feet  long.  (See  sketch 
No.  2.) 

In  seats  cut  into  this  foot-block  rested  a  pair  of  shears,  of  timbers  40  feet  long  9 
inches  by  7  inches  at  the  foot,  and  tapering  to  7  inches  by  5  inches,  with  a  spread  of  10 
feet  over  all  the  bottom,  being  7  inches  by  5  inches  at  the  apex,  and  bound  together  at 
the  apex  by  an  iron  band  2  inches  by  f  inch,  with  rings  above  and  below  for  the  rig- 
ging. 

At  the  foot  of  the  mast  was  a  crab,  geared  5  to  1,  and  used  with  block  and  tackle  for 
raising  and  lowering  the  shears.  A  similar  crab  and  rigging  was  placed  in  the  frame- 
work of  the  shears  for  raising  and  lowering  weights,  and  in  using  rock  was  raised  out 
of  the  water  by  the  crab  and  rigging  of  the  shears,  and  then  the  shears  themselves 
raised  and  the  rock  swung  over  the  boat  and  was  lowered  on  to  the  deck.  (See  sketch 
No.  3.) 

By  these  means  it  was  x>osBible  to  lift  and  move  the  tripods  into  any  position  desira- 
ble, and  also  to  raise  rock  weighing  up  to  6,000  pounds  and  deposit  them  on  the  flat- 
boat. 

The  drilling  was  done  from  the  platforms  in  and  around  the  tripods  by  using  three 
men  to  one  drill.  A  set  of  men  working  in  this  manner  conld  drill  from  30  to  35  feet 
of  hole  2^  inches  in  diameter  per  day,  and  a  drill  would  last  for  about  two  days  before 
it  would  need  to  be  resharpened.  The  depth  of  cutting  varied  from  1  to  5  feet.  Two, 
and  sometimes  three,  sets  of  three  men  each  were  kept  constantly  drilling,  while  the 
remainder  were  employed  lifting  rock  and  in  general  work. 

The  cartridges  used  were  formed  of  rubber  sheeting  (the  common  merchantable 
article)  and  were  firom  12  inches  to  36  inches  in  length,  2  inches  in  diameter,  according 
to  circumstances.  The  small  cartridges  for  exploding  the  charges  were  filled  with  ^  of 
a  cubi<i  inch  of  pulverized  powder.  Into  this  powder  the  ends  of  the  two  copper  wires 
leading  to  the  Voltaic  battery  were  inserted  and  connected  with  a  fine  platinum  wire. 
This  small  cartridge  was  put  into  the  larger  cartridge  f  its  depth,  which  waa  then 
filled  with  the  common  F  F  blasting  powder.  In  immediate  connection  with  the  car- 
tridge containing  the  charge,  short  insulated  wire  was  used,  which  proceeded  from  the 
cartridge  along  an  iron  rod  i  inch  in  diameter  and  about  10  feet  in  length.  This  rod 
helped  to  stijQfen  the  cartridge  and  enable  the  workmen  to  place  it  into  the  hole  drilled 
for  it.  Afterwards,  the  charge  was  tamped  with  sand  by  means  of  a  long  wooden  fun- 
nel, the  wires  leading  from  the  charge  were  then  connected  with  those  leading  to  the 
battery,  the  battery  placed  in  the  acid,  and  the  charge  exploded.  After  the  explosion 
the  battery  was  removed  from  the  acid  and,  by  means  of  a  small  pair  of  davits,  swung 
over  the  side  of  the  flat-boat  into  the  water,  and  the  action  of  the  water  kept  the  plates 
always  clean  and  ready  for  future  use.  In  blasting  pains  were  taken  to  break  the  rock 
into  as  large  pieces  as  possible,  as  pieces  containing  from  20  to  40  cubic  feet  could  be  re- 
moved with  greater  ease  and  less  trouble  than  the  same  amount  of  rock  broken  into 
small  fragments.  Two,  and  sometimes  three,  men  were  employed  working  in  the 
water  adjusting  chains,  tongs  or  lewis  to  the  broken  roek  and  severing  small  frag- 
ments bv  use  of  hand  tools.  In  hoisting  the  larger  rocks  a  lewis  was  used  which  con- 
sisted or  a  ringbolt,  with  the  bolt  a  foot  long  or  longer  when  required,  and  with  the 
end  of  the  bolt  split  for  6  inches.  A  flat  steel  wedge  i  inch  in  thickness  was  inserted 
into  the  split  of  the  bolt  and  the  bolt  itself  placed  into  the  hole  of  the  rock  and  driven 
firmly  in.  The  tackle  then  was  hooked  into  the  ring,  when  the  stone  was  lifted  on  to 
deck  of  the  flat-boat.  In  removing  the  lewis  a  slight  strain  was  taken  on  the  ring  and 
the  bolt  struck  with  a  hammer  a  few  times,  when  the  bolt  would  become  loose,  and 
being  removed,  was  ready  for  use  again.  For  lifting  bowlders  or  irregular  pieces  ot  rock 
out  of  the  water  in  a  rapid  current,  this  form  of  lewis  was  better  adapted  to  the  work 
than  any  other.  By  these  means,  and  with  only  hand  power,  several  rocks  containing 
42  cubic  feet  were  raised.  The  greater  part  of  the  larger  rooks  were  removed  and 
placed  on  shore,  while  the  small  ones  were  generally  dumped  into  deep  holes. 

When  it  became  necessary  to  remove  rock  to  shore  on  the  flat-boat,  along  anchor-line 
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wa^  used  which  enabled  the  flat-boat  to  swin^  into  the  shore  and  back  again.  By  these 
means  the  work  of  blasting  and  removing  rock  was  carried  on  until  September  15, 1875, 
when,  having  finished  the  excavation  of  Saint  Louis  Rock,  and  the  rapid  rising  of  the 
river  preventing  attention  being  paid  to  several  small  patches  in  the  vicinity  of  Saint 
Louis  I^ock,  which  can  be  removed  in  a  future  season,  the  flat-boat  was  dismantled  and 
the  party  discharged. 

I  add  the  within  statement : 

From  July  19  to  August  1,  camp  was  established,  tripods,  derricks,  and  platforms 
were  built,  and  the  flat-boat  fitted  with  shears. 

During  the  1st  week  in  August,  444  cubic  feet  of  rock  were  removed ;  during  the  2d 
week  in  August,  1,293  cubic  feet  of  rock  were  removed;  during  the  3d  week  in  August, 
1,209  cubic  feet  of  rock  were  removed ;  during  the  4tJi  week  in  August,  1,902  cubic  feet 
of  rock  were  removed;  from  August  29  to  September  4,  2,108  cubic  feet  of  rock  were  re- 
moved; from  September  4  to  September  9,  1,291  cubic  feet  of  rock  were  removed, 
amounting  in  all  to  8,247  cubic  feet,  or  305.44  cubic  yards  of  rock. 

From  September  9  until  September  15,  the  party  was  engaged  in  dismantling  the 
machinery  and  in  storing  away  the  material  and  apparatus  for  future  use. 

During  the  season  240  holes  were  drilled,  350  pounds  of  powder  were  used,  960  feet 
of  holes  were  drilled  and  from  1  to  2^  pounds  of  powder  used  to  each  charge,  according 
to  the  depth  of  the  hole  and  position  of  the  rock. 

The  United  States  Engineer  Office  is  under  obligation  to  Maj.  D.  W.  Flagler,  Ord- 
nance Corps,  United  States  Army,  Commanding  Rock  Island  Arsenal,  who,  upon  appli- 
cation, was  BO  kind  as  to  loan  three  powerful  crabs  and  some  tools  for  drilling  holes. 
In  reference  to  the  work  at  Saint  Louis  Rock,  I  copy  from  your  letter  to  the  Chief  of 
Engineers  dated  October  1, 1875,  the  following: 

^'The  work  of  excavation  of  rock  at  Saint  Louis  Chain,  which  was  executed  by  meana 
of  hired  labor  and  machinery,  has  been  pushed  vigorously.  On  the  15th  of  September 
305  cubic  yards  had  been  removed  from  that  place,  giving  a  depth  of  4|  feet  to  navigat- 
ing steamers  and  rafbs  in  dead  low- water  of  1664.  I  am  glad  to  state  that  the  work  at 
Saint  Louis  Chain  has  been  effected  in  a  thorough  manner,  and  that  a  saving  of  $1,480 
is  shown  by  the  modus  operandi  with  hired  labor,  in  comparison  with  the  contract  work 
with  chisel  and  dredge,  as  heretofore  practiced  at  similar  detached  work.  The  305 
cahic  yards  of  removed  rock  would  have  cost  the  Government  when  done  under  con- 
tract $16  per  cubic  yard,  equal  to  $4,880,  whereas  the  cost  of  doin^  the  work  b^  our  own 
party,  including  all  incidentals,  amounts  to  only  $3,400,  showing  the  saving  above 
named.  Beside  this  I  have  to  say,  that  the  purchase  of  material  fordoing  such  Kind  of 
^work,  viz,  anchors,  rope,  steel,  sledge-hammers,  battery,  wire-rope,  &c.,  is  included 
in  the  above  stated  sum.  The  material  used  in  executing  the  work,  and  on  hand  for 
being  used  again,  represents  a  sum  of  $700.  Should  this  sum  be  deducted  from  the  en- 
tire cost  of  $3,400,  the  removal  of  rock  per  cubic  yard  would  be  about  $8.85." 

WhUe  the  excavation  was  going  on  at  Saint  Louis  Chain,  some  incidental  work  had 
to  be  accomplished  at  the  foot  of  Campbell's  Chain.  The  running  ice  had  severed  from 
the  margin  of  the  channel  several  pieces  of  rock  and  thrown  them  into  the  middle  of 
the  same.  The  rock  at  this  chain  is  a  soft  magnesian  limestone,  very  much  honey- 
combed, and  by  the  action  of  the  ice  these  pieces  were  broken  off.  One  piece,  contain- 
ing about  2i  cubic  yards,  was  at  the  low  stage  of  water  very  near  the  surface,  and  en- 
dangered navigation  seriously.  With  your  permission  the  flat-boat  with  crew  was 
towed  to  the  foot  of  Campbell's  Chain,  and  a  day's  blasting  cleared  the  channel  of  this 
obstruction. 

The  hydrographic  survey,  with  the  sounding-apparatus  pertaining  to  this  work,  has 
furnished,  during  the  year,  most  valuable  additions  to  the  hydrographic  general  and 
special  maps  of  the  rapids. 

The  cuts  of  the  different  chains  were  all  sounded  for  the  purpose  of  ascertaining  if  the 
ice  had  washed  obstructions  into  the  channel ;  also  the  places  where  chisel  and  dredge 
liad  been  used  for  excavation  of  rock,  underwent  an  inspection. 

Upon  the  suggestion  of  several  pilots,  a  part  of  the  river  about  f  of  a  mile  below 
Duck  Creek  Chain  was  surveyed.  The  plotted  hydrographic  map  of  this  place 
showed  that  the  idea  of  improving  this  section,  called  oy  the  pilots,  "  Cottonwood 
Chain,"  was  merely  a  supposition,  based  upon  little  knowledge  of  the  channel  of  the 
river. 

Finally,  with  your  permission,  a  day  was  spent  in  sounding  the  river  above  Moline 
Chain  along  the  Illinois  shore,  for  enabling  the  commanding  officer  of  Rock  Island 
arsenal.  Col.  D.  W.  Flagler,  United  States  Army,  to  compute  certain  calculations  by 
tbe  plotted  map  of  the  same,  in  regard  to  the  Moline  water-power.  The  above-men> 
tioned  hydrographic  survey  commenced  on  the  1st  of  October,  and  was  closed  on  the 
21st  of  the  same  month. 

After  the  ice  commenced  to  run,  the  machine  was  hauled  out  of  the  water ;  was 
blocked  up  and  remained  on  shore   till  the  month  of   May,  1876,  when  she  was 
calked,  painted,  and  made  ready  for  use  again.    The  next  work  with  her  and  the- 
attached  rake,  will  be  at  the  lower  chain  as  soon  as  the  stage  of  water  permits.. 
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In  the  office  daring  the  winter,  aasistauts  have  been  employed  in  plotting  the  hydro- 
graphic  survey  of  last,  fall,  with  a  view  of  collecting  from  the  mapssach  information  as 
will  enable  ^on  to  submit,  at  the  proper  time,  recommendations  for  the  prosecution  of 
the  work  of  improving  these  rapids,  in  accordance  with  the  appropriation  to  be  grantcyd 
by  Congress.  Should  the  appropriation  of  $50,000,  asked  by  you  in  your  last  report  for 
finishing  the  work  of  the  rapids,  fail,  and  but|20,OOC  be  granted,  according  to  toe  river 
and  harbor  bill,  now  pending  in  Congress,  for  the  fiscal  year  1876-1877,  the  smallnessof 
the  amount  will  then  onl^  allow  you  to  propose  the  removal  of  small  patches  of  rock  and 
bowlders  near  Saint  Louis,  Duck  Creek,  and  Campbell's  Chain,  to  be  executed  by  hired 
labor  and  machinery,  which  was  so  economically  carried  on  last  year,  and  the  final 
and  closing  work  at  the  foot  of  Moline  Chain,  stated  in  the  annual  reports  of  1874 
and  1875,  must  then  be  made  the  subject  of  another  and  last  appropriation. 

All  the  maps  and  calculations  necessary  for  a  project  to  be  submitted  by  you  to  the 
Chief  of  Engineers  are  ready;  and,  in  reference  to  the  estimates  of  rock  based  upon  the 
maps,  I  state  that  they  are  carefully,  compiled.  Observations  of  velocity  and  direction 
of  the  current  at  Moline  Chain  in  the  fall  of  last  year  recommended  a  small  variation 
from  the  prdject  of  1874  and  1875. 

The  amount  of  rock  to  be  removed  is  2,505.8  cubic  yards ;  and  as  this  work  will 
probably  have  to  be  done  under  a  new  and  final  appropriation,  I  can  but  repeat  the 
words  which  I  used  in  my  last  annual  report  in  reference  to  the  matter,  as  follows : 

"  1  most  respectf  uUv  entreat  you  to  recommend  this  remaining  work  to  the  fistvorable 
consideration  of  the  higher  authorities  and  Congress,  aA  a  subject  of  another  and  last 
appropriation  for  the  fiscal  year  1877-78.  This  Gbst  work  represents  the  closing-stone 
of  an  undertaking  which  stands  in  the  history  of  improved  rivers  on  this  and  the 
other  side  of  the  ocean  unparalleled,  and  which,  in  the  accomplished  and  undenied 
benefit  extended  to  the  navigation,  proves  to  be  of  the  greatest  advantage  to  the  bor- 
dering States  of  the  river  and  a  penect  success  in  engineering." 

The  current  at  the  Moline  Chain  exceeds  in  some  places  8  feet  velocity  per  second ; 
and,  as  the  rock  to  be  removed  lies  in  the  middle  of  the  channel,  chisel  and  dredge  are 
recommended  to  dispose  of  these  scattered  patches.  I  am  confident  that  at  this  chain 
no  bid  under  $18  per  cubic  yard  will  be  received  on  account  of  the  difficulties  expe- 
rienced by  working  chisel  and  dredge  in  the  middle  of  such  a  swift  current  in  the 
channel,  and  an  appropriation  of  $50,000  for  the  fiscal  year  1877-78  would  fully  cover 
the  cost  of  work,  the  difficult  engineering,  superintending,  and  contingencies,  and 
finish  the  improvements  of  the  Rock  Island  Rapids  of  the  Mississippi  River,  as  above 
stated. 

I  submit  a  table,  showing  amount  of  rock  excavated  at  the  different  chains  during 
the  years  1867  to  1875,  inclusive  : 
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I  take  great  pleasure  in  briDglDc  to  yonr  notice  the  faithful  and  efficient  services 
rendered  by  Assistant  Engineer  C.  H.  Beack  at  the  work  of  excavation  at  Lower  Chain 
by  means  of  a  coifer-dani  aod  those  of  Mr.  John  F.  Wallace^  assistant  engiueer,  who 
superiDtended  the  work  of  subaqueous  blasting  at  Saiut  Louis  Chain.  Both  geutle* 
men  were  aided  from  time  to  time  by  Assistant  £.  Cramer,  and  draughtsman,  Mr.  A. 
Stibolt,  who  deserve  full  credit  for  the  accurate  observations  by  theodolite  in  the  hydro- 
graphic  shrvey  of  last  fall. 
All  of  which  is  respectfully  submitted  by  your  most  obedient  servant, 

E.  F.  Hoffmann, 

Aa»i$tant  Engineer, 
Col.  J.  N.  Macomb, 

Corps  ofEngineerSy  U.  S,  A. 


N  4. 

IMPROVING  ILLINOIS  RIVER. 

The  report  of  Assistant  EogiDeer  E.  A.  Brown,  herewith  submitted, 
gives  the  details  of  the  progress  of  the  Illinois  River  improvement  dur- 
ing the  fiscal  year  ending  June  30,  1876. 

As  in  former  years,  for  the  purpose  of  affording  immediate  relief  to 
navigation,  channels  of  sufficient  width  for  the  passage  of  steamers  have 
been  o^ieued  through  the  various  bars  upon  which  work  has  been  car- 
ried on  during  the  past  year,  and  should  funds  be  provided  hereafter 
for  the  purpose,  the  channels  may  be  widened. 

BuFing  the  months  of  August  and  September,  the  work  was  some- 
what delayed  by  the  prevalence  of  high  water  and  the  breaking  out  of 
malarial  fever  in  the  contractor's  and  engineer's  parties,  but  in  October 
and  November  and  up  to  the  17th  of  December,  when  operations  were 
interrupted  by  running  ice,  the  work  was  carried  on  vigorously  and 
with  most  satisfactory  results. 

Much  credit  is  due  the  contractor,  whose  superintendent,  Mr.  H.  8. 
Brown,  has  displayed  great  zeal  and  readiness  in  carrying  out  the  terms 
of  the  contract. 

During  the  winter  the  equipment  was  placed  in  thorough  repair  and 
every  arrangement  made  for  prosecuting  the  work  with  vigor,  but  owing 
to  the  continued  high  water  during  the  spring,  work  could  not  be  re- 
sumed until  the  29th  May,  1876.  For  reasons  mentioned  above,  the 
contractor,  finding  he  could  not  complete  his  contract  by  the  30th  of 
June,  the  specified  time,  made  application  for  an  extension,  which  was 
granted,  and  the  time  extended  to  October  31,  1876. 

It  will  be  seen  from  Mr.  Brown's  report  that  the  results  of  the  con- 
struction of  low  dams,  jetties,  and  training-walla  are  very  satisfactory, 
and  amply  justify  the  continuance  of  the  same  method  of  improvement 

During  the  past  year  numerous  surveys  and  resurveys  have  been 
made  of  the  various  bars,  with  a  view  to  ascertaining  the  practical  re- 
sults of  the  work  thus  far  performed,  and  for  the  purpose  of  projecting 
new  work  for  the  coming  year,  and  making  estimates  for  the  fiscal  year 
ending  June  30, 1878. 

Mr.  Brown  renews  his  suggestion  that  an  equipment  may  be  pur- 
chased, at  a  cost  not  to  exceed  $20,000,  so  that  it  may  always  be  in 
readiness  and  at  the  command  of  the  engineer  in  charge  to  be  eniplo^^ed 
in  restoring  such  channels  as  may  become  obstructed,  and  also  to  work 
gradually  in  increasing  the  width  of  the  channels  that  have  been  im- 
proved; and  I  recommend  that  authority  be  granted  to  procure,  from  the 
appropriation  anticipated  for  the  year  ending  June  30, 1877,  a  dredge  and 
its  usual  equipments,  at  a  cost  not  to  exceed  $20,000;  but  should  the  ap- 
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propriation  expected  for  the  current  fiscal  year  be  too  small  to  justify  the 
procuring  of  such  equipment,  I  would  then  recommend  that  authority 
be  obtained  for  purchasing  it  from  the  appropriation  of  $120,000  asked 
for  improving  Illinois  Eiver  in  the  fiscal  year  ending  June  30,  1878. 

Money  statejnent 

Amoant  available  July  1, 1875 $113, 126  42 

Amonnt  expended  during  fiscal  year  endin);  June  30,  1876 73, 434  56 

Amoant  available  Jnly  1,  1876,  including  $3,020.95  due  on  contracts 39, 691  86 

Amount  appropriated  by  act  approved  August  14, 1876 40, 000  00 

Amoant  (estimated)  required  for  completion  of  existing.'project 120,  OOn  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.      80, 000  00 


report  of  mr.  r.  a.  brown,  assistant  engineer. 

United  States  Quarter-Boat  Major  E.  F.  Hoffmann, 

At  Slim  Island  Bar,  June  30,  1876. 

Colonel:  For  tbe  improvement  of  the  Illiuois  River  during  the  fiscal  year  ending 
June  30,  1876, 1  beg  leave  to  submit  the  following  report  x)f  operations: 

At  the  close  of  the  fiscal  year  ending  Jane  30,  1875,  work  was  progressing  at  Naples 
Flats,  with  three  dredges,  and  the  full  equipment  operating  twelve  hours  per  day. 

Having  provided  a  channel  throughout  the  bar,  (as  shown  in  tabular  statement  D, 
appended,)  on  the  31st  of  July  last  the  fleet  was  moved  to  Spar  Island  Bar,  and  imme- 
diately commenced  work  at  that  point,  but,  owing  to  severe  rain-storms,  causing  a 
stage  of  water  too  high  for  doing  satisfactory  work,  operations  were  suspended  from 
the  4th  to  the  11th  of  August,  and  even  then  were  prosecuted  to  great  disadvantage. 
High  water  continued  during  the  month  of  August  and  the  greater  part  of  September. 
Malarial  fevers  also  coatributed  to  our  troubles  to  a  great  extent.  Daring  September, 
the  suf^fiutendent  and  his  associtate,  two  foremen  of  dredges,  the  pilots  and  engineers 
of  two  tow-boats,  were  indisposed,  several  of  whom  were  ooliged  to  leave  the  work  for 
medical  attendance.  Of  the  engineer  party,  at  the  close  of  the  month,  all  but  three 
members  were  on  the  sick-list,  making  the  daties  of  the  well  very  arduous;  but  by 
employing  a  few  laborers,  and  taking  advantage  of  circumstances,  together  with  the 
judicious  and  liberal  use  of  quinine,  no  delay  occurred  in  the  prosecution  of  the  work 
on  tbe  part  of  the  contractor. 

Having  completed  the  improvement  of  Spar  Island  and  School-house  Bars,  on  the 
26th  of  September  the  equipment  was  moved  to  French  Bar,  for  the  purpose  of  com- 
pleting tbe  work  left  in  an  uufiuished  condition  last  season. 

The  month  of  October  proved  very  favorable  for  work,  as  the  stage  of  water  was  a 
mean  of  4.4  feet,  that  of  July,  August,  and  September  being  8.2,  9.3,  and  7.6  feet, 
respectively.  The  sanitary  condition  of  the  contractor's  force  also  greatly  improved, 
thus  giving  a  good  showing  in  the  advancement  of  the  work,  which  was  prosecuted  at 
Apple  Creek,  Pearl  Shoals,  and  McKee's  Creek  Bar  with  little  interruption  up  to  the 
17tn  of  December,  when  running  ice  forced  tbe  dredges  and  equipment  to  the  banks. 
The  superintendent,  for  the  contractor,  here  took  the  precaution  to  move  into  winter 
quarters,  as  the  probabilities  were  against  further  effective  operations  for  the  season. 
Arrangements  had  already  been  made  to  make  a  thorough  repairing  of  machinery 
during  winter ;  accordingly,  the  dredges  were  soon  dismantled,  and  on  the  return  of 
favorable  weather  were  not  in  condition  to  resume  work,  unfortunately,  for  the  winter 
proved  very  mild  and  favorable  for  active  operations,  a  state  of  affairs  entirely  unex- 
pected. 

Attempts  to  prosecute  work  on  this  river  during  the  winter  season,  in  former  years, 
having  proved  futile,  the  contractor,  through  his  superintendent,  Mr.  H.  S.  Brown, 
gave  his  whole  attention  to  the  repairs  of  his  equipment,  and  with  the  best  of  results. 

Dredge  No.  4  has  been  entirely  rebuilt,  the  impaired  machinery  l>eing  replaced  by 
new.  Dredges  Nos.  2  and  3  have  been  thoroughly  repaired ;  likewise  the  tow-boats, 
dump-scows,  and  fiat-boats. 

The  present  plant  is  in  the  most  efficient  condition  of  any  ever  before  provided  for 
this  work,  and  consists  of  3  dredges,  Nos.  2, 3,  and  4 ;  2  steamboats;  1  steam  pile-driver, 
(mounted  on  a  fiat-boat ;)  6  dump-scows,  (nearly  new ;)  and  5  decked  flat-boats,  besides 
a  liberal  stock  of  other  implements. 

The  contractor's  superintendent,  Mr.  H.  S.  Brown,  shows  commendable  zeal  not  only 
in  providing  an  equipment  capable  of  pushing  the  work,  but  in  giving  his  personal 
attention  to  details  during  it«  progress. 
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On  the  first  of  March«  with  few  exceptions,  the  plant  was  in  order  for  resuming 
work,  bat  the  sta^e of  water  prevented — the  mean  for  the  month  being  12.9  feet;  that 
for  April  was  17  feet,  thns  bringing  the  time  for  the  resumption  of  operations  down  to 
nearly  the  close  of  the  fiscal  year.  .  The  contractor,  seeing  that  this  protracted  delay 
would  not  allow  him  to  complete  his  work  at  tlie  specified  time,  on  the  8th  of  May 
made  application  to  have  the  time  extended  to  the  31st  of  October,  1876.  The  applica- 
tion, being  favorably  indorsed  by  you,  the  time  was  extended. 

On  the  29tb  of  May,  after  a  suspension  of  164  days,  the  river  having  receded  to  a 
ll.l-foot  stage,  referred  to  low-water,  the  contractor  was  instructed  to  commence  work 
at  Naples  Bar,  (lower  crossing,)  this  being  the  moMt  favorable  locality. 

Operations  have  continued  up  to  the  close  of  the  year,  with  the  results  mentioned 
elsewhere. 

Operations  during  the  year  have  been  conducted  nnder  two  contracts ;  that  of  George 
Williams,  of  Keokuk,  Ohio,  dated  September  14,  1874,  having  been  extended  to  the 
3l8t  of  October.  1875. 

The  amount  of  work  performed  under  this  contract  during  the  fiscal  year  is  as  fol- 
lows, viz: 


Quantities. 


Total. 


Items. 


2^,944  cubic  yards 

7,583  cubic  yanls 

15  898  cubic  yanls 

17.604  cnbic  yards 

2  hours'  worK,  drvd^^e 

2  h.  aud  50  m.  work,  dredge 

11  hnnrs'  work,  dredge 

1,380  linear  feet 

5*/7.2  cords   

808  9-10  cubic  yards 

2,2({5  linear  feet 

495  9-lOGords 


Earth-excavation  . . 

do 

do 

do 

Snagidnf; 

do 

rastine  on  dams  ... 
Piling  in  dam  No.  1 
Brnsh  in  dam  No.  1 . 
Stone  in  dam  No.  1 . 
Piling  in  dams  .... 
Brush  in  dams 


Localities. 


Naples  Flats. 
Spar  Island . . 
School  House 
French  Bar  . 
Naples  Flats. 
French  Bar  . 
School  House 

...do 

...do 

. .  do 

Spar  Island.. 
...  do 


The  amount  expended  under  this  contract  per  last  annual  report  was. 
Total  expended  under  this  contract 


Price. 


10  25 

25 

25 

25 

10  00 

10  00 

10  00 

15 

2  25 

200 

15 

2  25 


Amount 


f7,236  00 

1,  895  75 

3, 974  50 

4.401  00 

20  00 

20  84 

110  00 

207  00 

1.186  20 

1,  617  8(f 

339  75 

1, 115  77 


22. 124  61 
38,  :)63  30 


60,  487  91 


Copy  of  final  eMimaie  (iVb.  11)  of  work  done  hy  George  WilliamSf  under  his  contract  for 
the  improvement  of  the  Illinois  Rivetj  dated  September  14,  1874. 

Total  amount  of  work  done,  including  retained  percentage $60,487  91 

Deduct  former  payments,  a«  per  receipt^  vouchers .''>4, 439  12 

Balance  due... 6,048  79 

Under  the  o-ontract  with  William  Patrick,  of  Phoenix.  Oswego  County,  N.  Y.,  dated 
May  31,  1875,  the  amount  of  work  done  is  shown  by  the  following  statement,  viz : 


Quantities. 


18,053  cnbic  yards. . . 
4.•^98  cubic  yards  .. . 
32,901  onbic  yards. . . 
7,315  cubic  yards  . . . 
12.483  cubic  yards. . , 
lO.OOn  cubic  ynrds. . . 

98i  hours'  work 

1^  hours'  work , 

33  hours'  work 

1  hour's  work 

6  27-60  hour.«»'  work  . 
477  .5-10  cubic  yards. 

945  linear  feet' 

525  cords 

4-24  5-10  cubic  yards. 

720  linenr  feet 

4IH  4-10  cords 

304  cubic  yards 


Total 


Items. 


Earth-excavation . 
......do  . ...... ... 


......do 

do 

do 

do 

Casting  on  dam 

Snagging 

Moving  to  and  casting  on  dam 

Snagging 

do    

Stone  in  dam  Nos.  1  and  2 

Piles  driven  in  dam  No.  2 

Brush  in  dam  No.  2 

Stone  in  dam  No.2 

Piles  driven  in  dam  No.  2  . . . . 

Brnsh  in  dnm  No.  2 

Stone  In  dam  No.  2 


Locality. 


Apple  Creek  Bar 

Pearl  Shonis 

McKee's  Creek  Bar 

Naples  Bar,  (lower  crossing) 

Little  Blue  River  Bar 

Slim  Inland  Bar  

School  house  Bar 

Apple  Creek  Bar 

Spar  Island  Bar , 

Naples  Bar 

Little  Blue  Kiver  Bar 

Spar  IfflsTid  Bar  : 

Pearl  Shoals! , 

do 

do    

Buckbom  Bar 

do 

do 


Price. 


10  28 
0  28 


0 
0 
0 
0 


28 
28 
28 

28 


11  00 

11  00 

11  00 

11  00 

11  00 

2  50 

0  15 

2  50 

2  SO 

0  15 

2  .*« 

2  SO 


Amount 


15.054  84 
1,203  44 
9,  212  28 

2.  048  20 

3.  495  24 
2,8()0  00 

313  .50 

13  75 

363  00 

11  00 

70  95 

1, 193  75 

141  75 

1,  312  50 

1,061  25 

108  00 

1. 046  00 

760  00 

30,209  45 
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MATERIAX  RESULTS  OF  THE  TEAR. 

A  channel  4  feet  in  depth  is  provided  throa^h  Naples  Flats,  100  feet  wide  for  2,400 
feet  throuj^h  the  npper  section ,  and  105  feet  wide  for  6,200  feet  thronghout  the  lower 
section.  The  total  length  of  channel  is  8,600  feet,  4,000  feet  having  been  completed  last 
year ;  also  at  this  point  is  constrncted  with  dredged  material  some  1,300  linear  feet  of 
earth-dike. 

A  channel  at  Spar  Island  Bar  1,500  feet  in  length,  150  feet  wide,  and  4  feet  deep ;  also, 
1,400  feet  of  eartu-dike,  hnilt  with  dredged  material. 

A  channel  at  School  House  Bar  2,400  teet  in  length,  150  feet  wide,  and  4  feet  deep  ; 
also,  1,100  linear  feet  of  earth-dike,  built  with  dredged  material,  revetted  with  rubble 
stone. 

At  French  Bar  the  channel  provided  last  season  was  widened  1  cnt,  making  its 

S resent  width  110  feet  throughout  the  entire  length  of  the  bur,  8,700  feet.    Two  huu- 
red  and  fifry  feet  (linear)  oi  earth-dike  was  built  with  dredged  material ;  also,  the 
dike  of  1H74  re-enforced. 

At  Apple  Creek  Bar  was  opened  a  channel  throngh  the  upper  section  150  feet  wide 
for  1,700  feet,  and  through  the  lower  section  120  feet  wide  and  1,650  feet  iu  length. 
With  this  dredged  material  was  constructed  some  2,600  linear  feet  of  earth-dike. 

At  dam  No.  2,  Pearl  Shoals,  was  provided  a  channel  900  feet  iu  length,  120  feet  wide, 
and  4  feet  deep.    The  dredged  material  was  placed  on  the  brush  aud  stone  dam  with 

BCOWS. 

At  McKee's  Creek  Bar  the  dimensions  of  the  improved  channel  are  3,100  feet  in 
length,  120  feet  wide,  and  4  feet  deep.  The  excavated  material  was  used  in  backing 
the  dam,  closing  the  chnte,  also  in  the  construction  of  500  linear  feet  of  earth-dike, 
projet'tiug  from  the  west  shore,  closing  the  old  channel. 

At  Naples  Bar,  lower  crossing,  the  channel  made  in  1872  has  been  widened ;  also,  a 
greater  depth  provided  by  the  removal  of  lumps.  Some  300  linear  feet  of  earth-dike 
built,  projecting  from  the  east  shore. 

The  improvement  of  Little  Blue  River  Bar  will  insure  a  channel  140  feet  wide  and 
4  feet  in  depth.  Length  of  cut,  1,.500  feet.  With  the  dredged  material,  consisting  of 
bowlders,  rubble,  shingle,  gravel,  sand,  and  shells,  in  constructing  a  cross-daui  500  feet 
in  length,  projecting  from  the  west  shore,  closing  the  old  channel. 

All  the  depths  given  above  are  referred  to  low  water. 

The  channel  at  Slim  Island  Bar  is  yet  nntiuished.  The  approximate  estimate  of  work 
doiie  is  10,000  cubic  yards. 

DAMS  AND  JETTIES. 

At  School  House  Bar  is  constructed,  nf  piling,  brush,  and  stone,  backed  with  earth, 
a  dam  closing  the  east  chute.  Length,  800  leet;  base,  36.2  feet ;  height,  5.4  feet,  (mean 
dimensions;)  height  above  low  water,  3  feet. 

The  cost  per  cubic  yard  is  75.6  cents  for  brush  and  stone ;  26.8  cents  for  earth.  Total 
cost  per  cubic  yard,  58.4  cents ;  cost  per  linear  foot,  $3.27-)%. 

At  Spar  Island  Bar  is  constructed,  of  piling,  brush,  aud  stone,  dam  No.  1,  680  feet 
length  ;  base,  35  feet;  height,  5  feet ;  backed  with  earth  cast  on  with  a  dredge.  This 
closes  OtwelVs  Chute.  Dam  No.  2,  200  feet  in  length,  same  base  and  height  as  No.  1. 
This  closfss  Spar  Island  Chute.  The  cost  per  cubic  yard  is  93.7  cents  for  brush  and  stone, 
25^  cents  for  earth.  Total  cost  of  dam  per  cubic  yard,  72.7  ceuts.  Cost  per  linear  foot 
of  dam,  $3.43. 

At  Pearl  Shoals  was  built,  of  piling,  brush,  and  stone,  dam  No.  2,  850  feet  in  length, 
including  training-wall;  base,  35.6  feet;  height,  5.2  feet,  (mean  dimensions,)  backed 
with  dredged  material  put  iu  place  with  duuip-scows.  Cost  of  brush  and  stone,  95.7 
cents  per  cubic  vard ;  cost  of  earth,  nothing..  Total  cost  of  dam  per  cubic  yard,  52.2 
cents;  cost  per  linear  foot,  $3.30.  This  dam  is  for  the  purpose  of  contracting  the  low- 
water  channel,  the  river  at  this  point  being  some  1,300  feet  wide,  and  very  shallow. 

Dam  No.  1  is  located  about  1  mile  above.  It  is  not  yet  completed.  The  piles  driven 
last  season  for  its  construction,  collected,  during  the  high  water  of  July  and  August 
last,  a  large  amount  of  drift,  making  at  the  time  a  very  effective  dam,  but  of  a  rude 
nature.  Should  the  drift  remain  as  collected  it  will  answer  our  purpose  very  well;  if 
not,  it  is  proposed  to  complete  it  in  the  regular  manner. 

The  chute  east  of  Bnckhorn  iKland  is  closed  with  a  dam  of  piling,  brush  and  stone. 
The  mean  dimensions  are,  length  <)50  feet,  base  38  feet,  height  6  feet. 

The  ])ile8  driven  last  season,  as  an  experiment,  proved  insufficient  to  close  the  chnte 
in  a  satisfactory  manner. 

The  total  cobt  of  the  dam  is  $3,041.57,  including  last  year's  work.  Cost  per  cubic 
yard  of  brush  and  stone,  $1.12^^,    Cost  per  linear  foot  of  dam,$4.()8. 

This  work  was  completed  on  the  22d  of  November.  Owing  to  the  lateness  of  the 
season  it  was  deemed  inexpedient  to  commence  new  work.  Experience  teaches  that  it 
is  not  prudent  to  leave  work  in  an  uufiuisbed  condition  during  the  winter  or  high-water 
seasons.    Accordingly,  the  equipoj^Q^  ^2i8  moved  into  winter  quarters  at  Naples. 
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Our  experience  in  the  constrnction  of  brush  and  stone  dams  is  very  satisfactory. 
The  specifications  and  plans  are  followed  closely  and  with  good  results.  The  entire 
mass  of  brush  is  held  in  position  by  one  line  of  piling  and  fully  bonded  together  in  1 
mattress  (consisting  of  several  courses)  which  remains  on  the  water-surface  and  sub- 
surface until  the  ballast  is  thrown  on  from  scows,  causing  the  mass  to  sink  regularly 
to  the  bottom,  after  which  it  is  generally  backed  or  re-enforced  with  earth  cast  up  with 
a  dredge  or  dumped  from  scows.  The  mattress  is  built  with  a  down-stream  batter  of 
one  on  three,  the  up-stream  batter  of  1  on  4. 

6URVKY8. 

Dnring  the  year  detailed  surreys  of  the  following  bars  have  been  made  before  and 
after  dredging,  viz : 

The  upper  section  of  Naples  Flats,  Spar  Island,  School  House,  Apple  Creek,  French, 
Pearl  Shoals,  McKee's  Creek,  Naples,  (lower  crossing,)  and  Little  Blue  River.  Also 
preliminary  surveys  of  SilvcSr  Creek,  Grand  Pass,  Buckhorn,  Bevington,  Florence,  Little 
Blue  River,  Meredosia  Island,  Naples,  (lower  crossing,)  Slim  Island,  Bedford,  and 
Pilot's  Peak  Bars  were  made  during  the  months  of  October,  November,  December^  and 
June,  for  the  purpose  of  planning  work  for  the  present  season. 

The  extreme  high  stage  of  the  river  prevailing  during  the  season  rendered  the  sur- 
veys very  laborious. 

During  the  present  working  season,  should  the  stage  of  water  be  favorable,  I  wish 
to  make  resurveys  of  most  of  the  bars  on  the  section  of  the  river  extending  from 
Naples  to  Havana,  for  the  purpose  of  planning  future  work  ;  also  to  ascertain  if  any 
changes  have  taken  place  in  the  improv<  d  channels. 

The  bars  where  work  is  planned  for  the  present  season  being  generally  short,  will, 
in  connection  with  the  work  before  referred  to,  require  quite  active  operations  on  the 
part  of  the  engineering  party.  A  large  field  force  will  therefore  be  a  necessity  in  order 
to  prosecute  the  work  advantageously  and  with  due  economy.  Transient  men  can  be 
employed  in  many  cases  to  advantage,  pecuniarily  and  otherwise. 

PLANS  FOR  THB  FISCAX  YEAR  ENDING  JUNE  30,  1877. 

Owing  to  the  high  stage  of  the  river  during  July,  August,  and  September  last,  and 
the  protracted  season  of  high  water  the  last  spring,  a  number  of  bars  mentioned  in 
mv  laet  annual  report,  in  **  Plans  for  the  present  working  season,"  were  not  reached, 
which  accounts  for  the  repetition  here. 


List  of  bars  to  be  improved. 


Bevington 

Fl  orence 

Slim  Island  and  Bedford 

Pilot's  Peak 

Bnckhom 

Grand  Paaa 

Otwell'8 

Silver  Creek 

Hnrricane  Island 

Twelre-Mile  Island 

Six-Mile  Island 

Total  cnbio  yards,  approximate 


Estimated 
cab.  yards. 


14,000 
4.000 
13,000 
16,000 
15.000 
15,000 
11,000 
40,000 
8,000 
85.000 
30,000 


191,000 


ESTIMATE. 

191,000  cubic  yards  earth  excavation,  at  28  cents $53,480 

Estimated  cost  of  dams 9,520 

Estimated  cost  of  engineering  and  contingencies 7,000 

Total  estimated  cost  of  Improvement  below  Big  Blue  River,  near  Naples. .    70, 000 

Should  no  unforeseen  obstacle  prevent,  the  present  available  balance,  together  with 
the  anticipated  appropriation  for  the  fiscal  year  ending  June  30, 1877,  will  be  ample  to 
complete  the  improvement  as  above  estimated. 

In  case  points  on  the  river  demand  attention  before  the  list  of  bars  is  improved,  I 
would  snggest  a  change  of  programme  for  the  purpose. 

I  would  most  respectfully  renew  the  suggestion  given  in  my  last  annual  report,  viz, 
that  authority  be  obtained  at  an  early  day  to  purchase  such  an  equipment  as  will  aa  • 
swer  the  requirements  of  this  work,  the  cost  not  to  exceed  |20,000. 
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Advantage  conid  then  be  taken  of  the  market  for  the  purchase,  and  at  the  close  of 
the  contract  work,  when  the  improvement  would  be  sufficiently  advanced  to  allow  of 
itd  being  continued  with  the  smaller  equipment,  the  Government  would  be  in  readiness 
to  operate  on  its  own  account  to  advantage. 

A  detailed  estimate  of  cost  of  purchasing  and  operating  a  dredge  and  equipment  is 
herewith  submitted,  as  one  argument  in  favor  of  this  project. 

Another  is,  the  operatives  can  be  employed  direct ;  and  with  the  prices  mentioned  in 
the  estimate,  the  most  skillful,  energetic,  and  faithful  men  can  be  secured. 

The  equipment  can  thus  be  kept  in  an  efficient  condition,  always  in  readiness  to 
operate  at  points  wherever  desired,  and  at  short  notice.  The  above  conditions  are  not 
always  sure. 

The  reason  for  not  recommending  this  project  at  present  is,  that  in  order  to  push  the 
work  to  early  completion,  it  would  necessitate  the  purchase  of  a  much  greater  plant 
than  would  be  needed  in  the  maintenance  of  the  improvement ;  a  loss  in  the  sale 
of  surplus  would  probably  accrue. 

The  plan,  lately  pursued,  of  cutting  narrow  channels,  seems  to  be  generally  popu- 
lar, as  it  enables  us  to  expedite  the  work  materially,  thereby  giving  more  direct  relief 
to  navigation. 

As  shown  by  estimate  herewith  submitted,  the  additional  width  can  be  provided  in 
these  cuts  by  the  employment  of  a  plant  owned  and  managed  by  Government  direct, 
at  a  less  cost  than  by  the  present  contract  system. 

My  report  for   the  last  fiscal  year  gave  the  original  estimate  for  the 
completion   of  this  work  by  the  system  of  dredging  and  constructing 

dams  and  jetties $391,912  00 

There  has  since  been  appropriated — 

In  1870 $100,000 

In  1873,  (allotted) 20,000 

In  1873,  June  23 ". 75,000 

In  1875,March  3 75,000 

Total  expended  and  pledged  for  the  work 270,000  00 

Balance  to  be  appropriated  under  the  original  estimate 121, 912  00 

Owing  to  circumstances  of  different  natures,  such  as  underestimates  (for  want  of 
sufficient  data)  on  some  of  the  bars  in  the  lower  river,  delays  incident  to  the  failure 
to  receive  funds  in  sufficient  amounts,  the  protracted  high-water  season,  &c.,  the  esti- 
mate of  the  cost  of  its  completion  should  be  revised,  in  order  to  show  the  propriety  of 
applying  for  means  in  excess  of  the  original  estimate. 

'     For  the  section  of  river  below  Big  Blue  River,  an  estimate  is  given  under  the  head  of 
"  Plans  for  the  fiscal  year  ending  June  30,  1877." 

The  bars  remaining  unimprove<l,  for  which  no  fund  is  provided,  are  situated  in  the 
section  of  river  extending  from  Big  Bine  River,  Pike  County,  to  Havana,  and  are  as 
follows,  viz:  Big  Blue  River,  Meredosia  Island,  Meredosia,  Wilson's  Island,  Eagle 
Island,  Indian  Creek,  Beaver  Dam,  bar  at  Beardstown,  Sugar  Creek  Island,  Dutcn- 
man's  Creek,  Sangamon,  Grand  Island,  and  Spoon  River  Bars. 

The  approximate  amount  of  earth-excavation  is  300,000  cubic  yards. 

ESTIMATED  COST  OF  COMPLETING  AND  MAINTAINING  THE  IMPROVEMENT. 

(The  list  of  bars  is  given  above.) 

300,000  cubic  yards  earth-excavation,  (dredging,)  at  25  cents $75,000  00 

4,500  linear  feet  of  brush,  and  stone  dams,  at  $3.33^ 15,000  00 

Contingent  expenses  and  engineering 10,000  00 

Total  cost  of  works  to  be  constructed 100,000  00 

.Estimated  cost  of  dredge  and  equipment  to  be  used  in  maintaining  and 

widening  the  channel,  (details  given  elsewhere) 20, 000  00 

Total 120,000  00 

This  amount  could  profitably  be  expended  for  the  purposes  above  mentioned  during 
the  fiscal  year  ending  June  30, 1878. 

MAINTENANCE. 

After  the  work  estimated  in  this  report  is  performed,  annual  appropriations  of 
$20,000  would  be  required  for  a  few  years  to  operate  the  equipment,  until  the  addi- 
tional width  is  provided  in  the  channels  already  out ;  then  a  less  fund  would  probably 
be  sufficient  for  the  maintenance  of  the  improvement. 
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EsUmaie  of  cost  of  purchasing  and  running  a  dredge  and  equipment  on  Crcvemnient  account 

COST  OF  PLANT. 

One  dcedge,  (capacity,  350  cubic  yards  per  day) |11,000 

One  tow-boat 5,000 

Three  dump-scows,  (side-pockets,)  $750  each 2,250 

One  flat-boat,  (deck) 500 

Tools,  lines,  &o 1.250 

Total  cost 20,000 

COST  OF  RUNNING  DREDGE. 

One  engineer,  12  months,  at  $125  per  mdnth $1,500 

One  crane-man,  12  months,  at  $60  per  month 720 

One  fireman,  9  months,  at  $60  per  month 540 

Two  deck-hands,  9  months,  at  $100  per  month 900 

One  watchman,  9  months,  at  $50  per  month 450 

Twenty-five  bushels  coal,  at  12  cents,  $3  per  day,  225  days 675 

Oil,  waste,  and  repairs,  $2per  day,225  days 450 

5,235 

TOW-BOAT. 

One  pilot  and  master,  10  months,  at  $100  per  mouth 1, 000 

One  engineer,  9  months,  at  $80  per  month 720 

One  fireman,  9  months,  at  $60  per  month 540 

One  deck-hand,  9  months,  at  $50  per  month 450 

Thirty  bushels  coal,  at  12  cents,  $3.60  per  day,  300  days 1, 080 

Oil,  waste,  repairs,  and  contingencies,  $4  per  day,  300  days 1, 200 

4,990 

Engineering  and  contingencies  for  one  year 9,775 

Total  cost  for  operating  one  year..... 20,000 

Estimate  of  work  accomplished  in  225  days,  (cubic  yards) 78, 750 

Cost  per  cubic  yard $0.2.5.4 

The  tabular  statements  herewith  submitted  will  give  some  idea  of  the  importance  of 
this  river  iu  regard  to  domestic  trade. 

It  will  be  noticed  that  the  statements  are  intended  to  show  the  comparative  rank  it 
takes  with  other  western  rivers.  The  con u try  it  drains  is  too  well  known  to  call  for 
any  description.  As  an  agricultural  district  it  has  no  superior.  Nature  has  been  re- 
markably generous  in  its  provisions,  not  only  in  regard  to  soil  and  climate,  but  in 
forming  an  outlet  for  its  productions. 

I  can  call  to  mind  no  transportation-route  where  such  quick  and  satisfactory  results 
can  be  obtained  in  the  expenditure  of  the  pablic  funds  as  on  this  river.  It  is  to  be  re- 
gretted that  sufficient  means  have  not  been  provided  to  complete  the  improvement 
long  ere  this. 

Appended  to  this  report  are  sheets  A,  B,  C,  and  D,  giving  condensed  statements  of 
work  performed  and  results  obtained,  as  well  as  other  information.  Maps  are  nearly 
completed  (scale,  ^V^tt)  showing  the  condition  of  bars  before  and  after  improvement ; 
also  plan,  elevation,  and  transverse  section  of  dams. 

Most  respectfully  submitted. 
Your  most  obedient  servant, 

B.  A.  Brown. 

Col.  J.  N.  Macomb, 

Corps  of  Engineers^  U,  S.  A, 


commercial  statistics. 


From  the  '^Annual  Statement  of  the  Trade  and  Commerce  of  Saint  Lonis  for  the  year 
1875,  reported  to  the  Merchants'  Exchange  of  Saint  Louis  by  Qeorge  H.  Morgan,  secre- 
tary,'' are  compiled  the  appended  tables,  showing  interesting  details  of  the  trade  of 
this  line  of  transportation  as  compared  with  other  routes. 
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Table  I. — Showing  the  amount  of  freight,  in  tons,  received  at  and,  shipped  from  Saint  Louis 

by  the  following  routes : 


RECBIVBD. 


Biven. 


Upper  Miafliaaippl 

Lower  MlMiaaippi 

Illinois 

Hissonri 

Bed,  Ouachita,  Arkansas,  and  White 
Ohio,  Cumberland,  and  Tennessee... 


1875. 


198, 100 
128,020 
153,995 
30,160 
100 
153,150 


1874. 


831,060 
169,780 
192,770' 

44,830 
340 

93,985 


1873. 


281, 175 
826,535 
185, 715 
38.630 
1,075 
127,925 


1878. 


842,584 
895,960 
175, 370 
86,895 
3,720 
119, 390 


1871. 


836,887 
313,811 
146, 000 
72,579 
4,176 
111,548 


SHIPPED. 


Blvers. 


XTpper  M  ississippi 

Lower  Mississippi 

Illinois 

Missouri 

Bed,  Ouachita,  Arkansas,  and  White 

Cumberland  and  Tennessee 

Ohio 


1875. 


96,825 

367,235 

18, 470 

85.100 

1.480 

1.560 

129,025 


1874. 


95,800 

469,065 

13,  740 

80,390 

5,445 

2,225 

100,660 


1873. 


61,966 

SS5,445 

11.695 

87.810 

34,  640 

8,140 

119,660 


1872. 


55,835 

543,666 

15,930 

87,536 

32, 690 

8,040 

187,985 


1871. 


78.967 

477, 970 

10, 936 

44,438 

48,995 

8,534 

112, 652 


Table  II. — Shotoing  the  entire  movement  in  flour  and  grain,  hy  rivers,  for  1875. 

RECEIPTS. 


Bivers. 

Flour. 

Wheat. 

Com. 

Oats. 

Bye. 

Barley. 

Upper  Mississippi 

Barrela. 

91. 529 

68.115 

16.873 

3,082 

BusTiels. 
748, 968 
656,363 
276, 951 
352,098 
315 
3,060 

Bushels. 

832,486 

13,112 

954.680 

156,900 

Bushels. 

1, 050, 440 

117 

75, 574 

85,504 

Bushels. 

15, 791 

4,297 

4,630 

8,080 

BtuTids. 
241, 901 

Iiower  Mississippi 

4,853 

Illinois '. 

Missouri 

1,083 
483 

Ohio,  CnvntK'rlArid.  and  Tenne^woe  ...... 

B^d,  0u4cMta.  Arkaiisas.  and  White. . . . 

EXPORTS. 


Blvers. 


New  Orleans  boats 

Ticksbnrg  boats 

Memphis  boats 

Cumberland  and  Tennessee.. 
Bed.  Ouachita,  and  Arlcansas 

Upper  Mississippi 

Ohio 

Illinois 

Missouri 


Flour. 


Barrels. 

505, 248 

147, 972 

142, 519 

400 

900 

5,623 

2,4ri9 

18.894 

754 


Wheat 


BusJuls. 

156, 179 

11, 513 

80,126 


131, 103 

9.292 

61,501 

585 


Com. 


Bushels. 
824,977 
3t<5, 447 
156, 077 


35,000 

458 

3,783 

3,117 

18.455 


Oats. 


Bushels. 

1,282,383 

227.565 

140, 787 

1,800 

1,350 

860 

4,595 

148 

819 


Bye. 


Busliels. 
5,101 
8.186 
4,090 


775 
704 


666 
65 


Barley. 


Bushels, 
4,011 
168 
560 


2,918 

3,614 

289 

1,554 


Table  IlL^Shoioifig  receipts  of  hog-product  at  Saint  Louis  by  rivers  for  1875. 


Boute. 


Upper  Missiitsippi 
Lower  Mississippi 

Illinois 

Missouri 


Pork. 


Barrels. 

14,030 

127 

14, 508 

15 


Cut  meat. 


Pounds. 
1, 904, 982 

23,300 
952, 198 

44, 040 


Bacon. 


Pounds. 

1, 946, 153 

82,965 

453.349 

315, 972 


Lard. 


Pounds. 

603,625 

166,325 

510, 340 

89,490 
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Table  TV, — Showing  the  receipts  of  hogs  at  Saint  Louis  for  seven  years. 


!Eoute. 

1875. 

1874. 

1873. 

1872. 

1871, 

1870. 

1869. 

Upper  H ississippi 

35;  681 
1,462 

22,047 
6,854 

29.827 

3,986 

11, 319 

21,099 

20,080 
2,645 
8.543 

15,560 

28,482 

1,806 
10, 458 
19, 340 

13,850 
1,111 
6,403 

20,156 

26,430 
2,920 
7,550 

14, 851 

28,299 

Lower  MiBsisAippi 

8,103 

lllinolfl 

19,0«6 

MiMonri 

15,679 

Table  Y. — Shotdng  the  receipts  of  live  stock  at  Saint  Louis,  1875. 


Boate. 


Upper  MiMisaippi  River  boats 
Lower  Mississippi  Hiver  boats 

Illinois  River  boats 

Missonri  River  boats 


Cattle. 


Head. 

10, 937 

1,251 

2,139 

2,095 


Sheep. 


Head. 
9,62*^ 
1,374 
2,811 
2,633 


Hogs. 


Head. 
35,631 
1,462 

22.047 
6,854 


Horses  and 
mnles. 


HMd. 

2,850 
194 
530 
386 


Table  VI. — Showing  the  receipts  and  shipments  of  hay  and  salt  at  Saint  Louis  in  1875. 


Route. 

Hay,  bales. 

Salt  receipts. 

Receipts. 

Shipments. 

Sacks. 

Barrels. 

Upper  MississiDDi  River  boats 

67,634 

58 

5,077 

524 
104,334 

660 

Lower  Mississippi  River  boats 

89.936 
104 

5 

UllDois  River  boats - 

4,658 

Ohio  River  boats 

230,683 

Missouri  River  boats i 

344 

Other  rivers 

'  3,356 

TablkVII. — Showing  the  number  of  trips  made  by  the  Illinois  River  packets  in  1H75. 


Saint  Loais  and  Naples  Packet  Company 
Saint  Loais  and  Peoria  Packet  Company. 
Other  boats,  (estimated) 


From  Saint  Loais  to— 


Naples. 


115 


Peoria. 


67 
50 


TOWIXO  AND  ICE  BUSINESS. 

In  addition  to  the  above  Btatistios  of  trade  of  the  Illinois  River,  can  be  mentioned 
10  tow-boats,  estimated  mean  tonnage  225  tons ;  tonnage  of  barges  not  known.  Some 
of  these  boats  take  grain-barges,  with  a  capacity  of  from  25,000  to  40,000  bashels  each, 
direct  to  New  Orleans  without  breaking  bulk.  The  cargoes  are  there  transferred  direct 
to  ocean  vessels  for  Europe.    The  estimated  ice-product  for  1875  is  150,000  tons. 

E.  A.  Brown. 
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A,^  Abstract  of  oantrciots  for  improving  the  Illinois  River  in  force  during  thefleoal  year  end- 
ing June  30, 1876. 


Name  and  residence  of  contractor. 


GM>rge  Williams,  Keoknk,  Iowa. 
William  Patrick,  Phceniz,  N.  Y.. 


Date  of  con- 
tract. 


Sept  14, 1874 
May  31, 1875 


Snbject  of  contract. 


Material  and  labor. 
do 


& 

^ 

<-* 

s,  riprap 
icyard. 

It 

It 

^1 

^l 

53  •* 

h 

r 

«0  « 

H 

a*» 

Ji 

8| 

S 

1 

10  25 

#2  00 

28 

zi 

ll 

n 

1 

.e 
l_ 

|0  15 
15 


Date  of  ooU' 
tract 

Subject  of  con- 
tract 

For  furnishing 
and  putting 
in  place— 

For  wofking  one  or  more  dredges, 
manned  and  equipped  complete, 
each  per  hoar. 

Name  and  residence  of 
contractor. 

i 

4 

1 

Rabble-Stone,  per  cubic 
yard. 

Bemarks. 

George  Williams,  Keokuk, 

Iowa. 
William  Patrick,  PhoBnix, 

N.y. 

Sept  14, 1874 
May  31, 1875 

Material  and 

labor. 
— do 

12  25 
8  50 

12  00 
250 

•10  00 
11  00 

Contract  completed 
October  31, 1875. 

Contract  extended 
to  October  31, 1876. 
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B. — Table  shoioing  the  stage  of  toater  in  the  Illinaie  River  during  the  fiscal  year  ending  June 
30,  lti76,  at  Naples  and  points  on  the  work  extending  40  miles  Mow. 

[The  zero  of  reference  U  low-water  of  1867.] 


Day. 


1 

3 

3 

4 

5 

6 

7 

8 

9 , 

10 

11 

12 , 

13 

14 

15 

16 

17 

18 

19 

SO 

81 

88 

S3 

24 

85 

86 

27 

88 

29 

30 

31 

Mean 


1875. 


1876. 


5 


6.6 

7.3 

9.5 

10.2 

9.9 

9.9 

9.8 

9.9 

10.0 

10.1 

10.3 

10.4 

10.4 

10.2 

10.1 

9.7 

8.9 

8.8 

7.6 

7.0 

6.7 

6.5 

6.2 

6.8 

5.9 

5.6 

5.3 

5.6 

6.4 

6.4 

6.7 


as 


a 


8.9 

10.7 

11.6 

11.9 

12.1 

11.9 

11.1 

10.2 

9.6 

9.5 

9.5 

9.5 

9.5 

9.4 

9.3 

9.2 

9.3 

9.1 

8.9 

8.6 

8  6 

8.4 

8.3 

8.7 

8.5 

8.3 

8.1 

7.8 

7,6 

7.4 

7.1 


9.3 


14 

a 


6.9 
6.6 
6.4 
6.1 
5.8 
5.6 
5.3 
5.0 
4  8 
6.2 
7.9 
8.6 
9.1 
9.4 
9.5 
9.3 
&9 
8.6 
8.3 

ao 

7.8 
7.6 
7.4 
7.2 
6.9 
9.7 
9.5 
9.1 

a  7 
as 


I 
8 


7.9 
7.5 
7.1 
6.8 

a4 

6.0 
5.8 
5.6 
5.6 
5.6 
5.4 
5.3 
5.3 
*3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.4 
3.4 
3,3 
3.2 
3.1 
.3.0 
2.8 
2.7 

2.7 
2.5 
8.4 


7.6 


4.4 


§ 

o 


8.5 
2.8 
3.0 
3.1 
3.2 
3.3 

a4 

3.4 
4.0 
4.3 
4.1 
4.2 
4.1 
4.0 
4.6 
4.5 
4.3 
4.3 
4.2 
4.0 
3.U 
3.8 
3.8 
3.7 
3.7 
3.6 
3.5 
3.5 
3.4 
3.4 


3,7 


a 


3.4 
3.3 
3L2 
3.2 
3.2 
3.2 
3.3 
3.3 
3.4 
3.6 
3,7 
3.7 
3.8 
3.9 
4.0 
4.0 
4.0 
4.2 
4.3 
4.8 
3.9 
3.9 
3.8 
3.8 
3.8 
3.9 
4.1 
4.3 

4.4 

4.4 

4.4 


3.7 


a 


4.5 
5.0 

ao 

7.3 

7.8 

ai 
ao 

7.8 
7.6 
7.4 
7.6 
7.8 
7.8 
7.5 
7.4 
7.3 
7.2 
7.1 
7.1 
7.2 
7.7 
7.8 
7.6 
7.5 
7.6 
7.6 
7.6 
7.7 
7.7 
7.8 

ao 


e 

CE4 


ao 

7.9 

ao 
ao 
a3 

9.0 

as 

ai 

7.8 
7.7 
7.9 

a3 
a6 
a  6 

a7 
as 

9.1 
9,4 
«.8 
10.3 
10.7 
11.1 
11,4 
U.7 
11.9 
11.9 
12.0 
11.9 
11.8 


7.  3       9.  8 


11.7 
11.6 
11.4 
1L3 
11.2 
11.1 
11.1 
11.0 
11. 1 
11.1 
11.3 
11.6 
11.7 
11.8 
12.0 
12.3 
13.6 
12.9 
13.3 
13.6 

i:i.8 

14.3 
14.7 
15.1 
15.7 
16.0 

lai 
ia3 

16,3 
16.4 

ia4 


12.9 


• 

V 

>» 

1 

16  5 

14.7 

16.8 

14.4 

17.0 

14.0 

17.1 

13.7 

17.1 

13.4 

17.2 

13.2 

17.3 

13.9 

17.5 

14.4 

17.5 

14.5 

17.6 

14.6 

17.5 

14.7 

17.4 

15ul 

17.5 

15.2 

17.5 

15.4 

17.5 

15.3 

17.5 

15.1 

17.5 

15.0 

17.6 

14.7 

17.5 

14.5 

17.4 

14.3 

17.1 

l.%8 

16.9 

13.5 

16.8 

13.1 

ia6 

18.8 

16.3 

12.4 

16.0 

12.1 

1.'>.9 

11.7 

15.7 

11.4 

15.3 

til.  I 

15.0 

10.9 



10.6 

17.0 

13.6 

c 
a 

9 


10.4 
10.3 
9.8 
9.6 
9.4 
9.3 
9.0 

a7 
as 
as 
a4 
ao 

7.9 
7.6 
7.4 
7.3 
7.0 
7.1 
7.5 

ao 
as 
as 
aa 
as 


&4 


Cbang«  iu  localit  j, 


t  Bofuniod  work. 
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N  5. 

survey  of  harbor  at  fort  madison,  iowa. 

United  States  Enginbbe  Office, 

Rock  Island^  IlLj  December  6,  1876. 

Sib  :  1  beg  leave  to  transmit  herewith  a  report  of  Mr.  C.  W.  Durham, 
assistant  engineer,  on  the  survey  at  Fort  Madison,  Iowa,  made  in 
August,  1875.. 

In  my  letter  of  February  1,  1875,  transmitting  a  report  of  Mr.  M. 
Meigs,  assistant  engineer,  on  an  examination  of  this  locality,  I  asked 
for  a  special  appropriation  of  $1,000  for  making  a  detailed  survey  in 
order  to  obtain  sufficient  data  for  a  proper  consideration  of  the  subject. 

Your  letter  of  April  20,  1875,  contained  instructions  for  making  sur- 
veys at  Fort  Madison  and  Burlington,  Iowa,  and  informed  me  of  an 
allotment  of  $2,000  from  the  appropriation  <^  for  examination,  surveys, 
&c.,  to  enable  me  to  carry  them  into  effect. 

By  letter  of  July  26, 1  instructed  Mr.  Durham,  who  was  then  con- 
ducting the  survey  of  the  *'  Upper  Mississippi  River  route,"  to  make  spe- 
cial surveys  at  Fort  Madison  and  Burlington  on  arriving  in  their  neigh- 
borhood. 

It  will  be  seen  from  his  report  that  the  sand-bar  forming  in  front  of 
the  town  has  increased  to  such  an  extent  as  to  blockade  almost  the  en- 
tire city  front,  and  has  extended  entirely  across  the  main  channel,  so 
that  in  a  few  years,  unless  its  growth  is  checked,  the  town  will  be  en- 
tirely insulated,  and  the  main  channel  closed  to  navigation.  This 
trouble,  which  is  a  very  serious  one,  not  onl^-  to  the  town,  but  also  to 
the  navigation  of  the  Upper  Mississippi  in  general,  arises  from  a  grad- 
ually-increasing diversion  of  water  into  Niota  Chute,  so  that  at  present 
about  two-fifths  of  the  water  passes  that  way. 

To  utilize  Kiota  Chute  a«  a  channel  to  steamboats  would  require 
great  expense,  as  at  its  lower  end  it  is  much  obstructed  by  bowlder^  and 
ledges  of  rook. 

Mr.  Durham  proposes  a  project  which  will  not  only  remove  the  ob- 
structions to  general  navigation  at  this  point,  but  will  also  incidentally 
free' Fort  Madison  from  its  incubus,  and  open  the  river  down  to  Mont- 
rose, at  the  head  of  Des  Moines  Rapids,  and  give  additional  effect  to 
the  United  States  improvement  in  that  locality,  now  nearly  completed. 

This  project  calls  for  the  construction  of  a  riprap  dam  across  the  head 
of  Niota  Chute;  a  smaller  subsidiary  dam  to  aid  in  giving  effect  to  the 
large  one ;  the  removal  of  a  small  ledge  of  rock  near  the  Niota  aide, 
which  endangers  navigation  and  interferes  greatly  with  boats  lauding 
at  Niota;  the  dredging  of  the  upper  portion  of  the  bar  and  cutting  a 
passage  through  the  same  in  order  to  facilitate  the  scour  of  the  current 
subsequent  to  the  building  of  the  large  dam. 

The  location  of  the  proposed  dams  is  shown  on  the  map  accompany- 
ing the  report,  as  also  of  the  ledge  of  rock  mentioned  above,  and  that 
portion  of  the  bar  which  it  is  desirable  to  dredge  out. 

To  carry  out  this  project  would  require,  according  to  Mr.  Durham's 
estimates,  $30,000. 

I  approve  of  the  project  of  assistant  engineer  Durham,  and  respect- 
fully recommend  that  an  appropriation  be  asked  for  with  which  to  carry 

it  out. 

Very  respectfully,  your  most  obedient  servant, 

J.  N.  Macomb, 

Colonel  of  Engineers, 
Brig.  Gen.  A.  A.  Huiviphbeys, 

Chief  of  Engineers^  U.  8,  A. 
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beport  of  mr.  c.  w.  durham,  assistant  bngimrer. 

United  States  Engineer  Office, 

Book  Ulandf  III,  November  30, 1875. 

Sir  :  I  have  tbe  honor  to  present  herewith  my  report  on  the  survey  of  a  portion  of 
the  Mississippi  River  in  the  vicinity  of  Fort  Madison,  Iowa. 

On  the  26th  July,  I  received  from  you  instractions  to  the  following  effect :  "  In  pros- 
ecuting the  surveys  for  tbe  improvement  of  the  Mississippi  River,  yon  will,  on  reaohine 
the  vicinity  of  Fort  Madison,  Iowa,  make  a  special  survey  from  above  that  city  to  such 
point  below  it  as  yon  may  find  necessary  to  enable  you  to  make  a  plan  and  estimate 
for  the  improvement  at  that  point,  so  as  to  make  the  approaches  to  the  levee  easy  at 
all  stages  of  the  water." 

In  accordance  with  these  instructions,  I  began  the  survey  on  the  18th  of  August.  A 
transit-line  was  run  down  tbe  right  bank,  beginning  about  half  a  mile  above  Upper  Peni- 
tentiary Creek  and  extending  a  mile  below  town.  Numerous  triangulations  were  made 
and  compass-lines  run  for  filling  in  details  of  the  survey.  All  of  the  lines  were  refer- 
enced. A  line  of  levels  was  run  along  the  right  bank,  (profile  shown  on  map,)  and 
numerous  water-surfaces  were  taken  and  bench-marks  established.  A  comparison  of 
the  records  of  the  water-gauge  on  the  railroad-bridge  at  Burlington  with  those  of  the 
gauge  at  Mechanic's  Rock,  Des  Moines  Rapids,  enabled  me  to  ascertain  the  law-water 
elevation  of  the  river-surface  with  considerable  accuracy,  and  this  elevation  has  been 
used  as  a  datum  to  which  all  other  elevations  are  referred. 

About  3,000  soundings  were  made,  all  of  which  were  carefully  located  by  theodolites, 
and  these  have  been  plotted  as  taken,  and  show  the  various  depths  at  a  stage  of  1 
foot  above  extreme  low  water,  which  was  the  stage  of  the  river  during  the  sounding  oper- 
ations. 

Inasmuch  as  the  United  States  improvement  at  Des  Moines  Rapids,  a  few  miles  1|elow 
Fort  Madison,  is  intended  to  give  a  channel-depth  of  ^feet  at  extreme  low  toaterfl  have 
followed  the  same  design  in  forming  plans  and  estimates  for  improvement  at  this  point. 
Contour-lines  in  blue  liave  been  drawn  on  the  map  showing  the  limits  of  the  5-foot 
channel  at  low  water,  A  gauge  of  the  main  channel  between  Island  No.  14  and  the 
Iowa  shore  was  made,  as  well  as  of  Niota  Chute  between  Island  No.  14  and  the  Illinois 
shore. 

The  steamboat-channel  formerly  ran  in  close  to  the  Iowa  shore  along  the  entire  city 
front  from  the  mouth  of  Lower  Peniteutiary  Creek  to  Atlee's  Mill  Point,  but  of  late 
years  it  has  gradually  shifted  toward  the  other  side  of  the  river,  and  shows  an  increas- 
ing tendency  to  turn  down  Niota  Chute.  A  bar  has'  been  gradually  forming  in  front  of 
the  city,  and  at  the  date  of  the  survey  extended  up  nver  some  distance  above  Cedar 
street  and  entirely  across  the  main  river  to  the  head  of  Island  No.  14,  so  that  at  low 
water  the  main  channel  would  be  completely  blocked  to  boats  drawings  feet  of  water. 
The  water  in  Niota  Chute  is  somewhat  better,  and  would  be  taken  by  steamers  were 
it  not  that  at  its  lower  end  it  is  obstructed  by  large  bowlders  and  ledges  of  rook. 

In  the  main  channel,  about  2  miles  below  the  town,  another  sand-bar  has  formed, 
extending  entirely  across  the  channel,  and  even  more  difficult  to  navigation  than  the 
one  immediately  in  front  of  the  city.  Several  other  places  are  met  with  of  more  or  less 
difficulty,  before  the  Niota  Chute  Joins  the  main  river  at  the  foot  of  Island  No.  14. 

Although  the  petition  which  led  to  the  present  survey  prayed  for  relief  as  regards 
the  sand-bar  in  front  of  the  city,  1  have  thought  proper  to  make  the  removal  of  thu  bar 
a  matter  of  secondary  moment,  as  being  of  chiefly  iocaZ  importance,  and  have  accord- 
ingly prepared  my  plans  and  estimates  looking  toward  the  removal  of  the  obstructions 
to  general  navigation ;  inasmuch  as  the  reasons  for  attempting  the  improvement 
would  be  far  stronger,  and  at  tho  same  time  such  improvement  would  also,  from  its 
nature,  remove  the  disability  under  which  the  city  is  lying,  thus  serving  a  double  pur- 
pose. 

It  U  obvious  that  the  cause  of  the  growth  of  this  bar,  before  mentioned,  as  blocking 
up  the  city  front  and  the  entire  main  channel,  is  owing  to  the  gradually -increasing 
diversion  of  the  water  from  the  main  river  into  Niota  Chute. 

A  cross-section  and  gauge  of  the  main  channel  and  chute,  taken  August  25, 1875,  at 
a  stage  of  1  foot  above  low  water,  shows — 

Main  channel,  21.029  cubic  feet  per  second ; 
Niota  Chute,  14.511  cubic  feet  per  second ; 

or,  about  two-fifths  of  the  water  passes  down  Niota  Chute. 

If,  then,  this  chute  should  be  closed  at  its  head,  the  water  would  be  thrown  back, 
and  would  take  its  old  direction,  and  the  quantity  would  be  much  increased  as  well  as 
the  velocity  and  consequent  scour,  and  thus,  in  a  short  time,  the  bar  in  front  of  the  city 
would  be  washed  away ;  and  not  only  this,  but  also  the  bar  2  miles  below  the  town, 
and  the  other  obstructions  of  the  same  nature  met  with  between  the  head  and  foot  of 
Island  No.  14  would  be  removed. 

It  is  not  proposed  to  raise  the  crest  of  the  dam  to  more  than  3  feet  above  low 
water,  as  only  at  the  lower  stages  would  its  full  action  be  desired. 
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It  further  appears  that  the  channel  leading  to  the  bridge-draw  is 
exceptionally  good,  and  that  the  bridge  and  draw  are  admirably  located 
as  regards  the  navigation  of  the  river. 

Mr.  Durham  calls  special  attention  in  his  report  to  the  serious  obstacles 
to  navigation  existing  at  the  head  and  foot  of  Bush  Chute,  a  short  dis- 
tance above  Burlington.  These  are  twoof  the  worst  pointson  the  Upper 
Mississippi,  and  the  removal  of  the  obstructions  would  be  an  incalcu- 
lable benefit  to  the  commerce  of  the  Mississippi  Valley  and  would  fur- 
nish a  clear  river  (some  few  comparatively  unimportant  exceptions  being 
made)  from  Burlington  to  a  point  some  150  miles  above.  Mr.  Durham 
presents  a  project  for  the  improvement  at  head  and  foot  of  Bush  Chute, 
in  which  he  recommends  the  construction  of  3  dams,  the  cost  of  which 
from  his  estimates  would  be  in  round  numbers  $35,000. 

The  proposed  location  of  these  dams  is  shown  on  the  map  accompa- 
nying his  report. 

I  approve  of  the  project  set  forth  in  the  accompanying  report  of  As- 
sistant Engineer  Durham,  and  would  respectfully  recommend  that  an 
appropriation  be  asked  for  with  which  to  carry  it  out. 

Bespectfully  submitted. 

J.  K  Macomb, 

Colonel  of  Engineei's, 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  UngineerSj  U,  8.  A. 


REPORT  OF  MR.  C.  W.  DURHAM,  ASSISTANT  ENGINEER. 

UNrrED  States  Engineer  Office, 

Mock  Island,  111.,  November  30, 1875. 

Sir  :  I  have  the  honor  to  present  herewith  my  report  on  the  survey  of  a  portion  of 
the  MisslBsippi  River  in  the  vicinity  of  Burlington,  Iowa. 

On  the  26th  July,  I  received  instrnotionB  from  you  to  the  following  effect :  *^  In  prose- 
cuting the  surveys  for  the  improvement  of  the  Mississippi  River,  you  will,  on  reaching 
the  vicinity  of  Burlington,  Iowa,  make  a  special  survey  from  ahove  that  city  to  such 
point  below  it  as  you  may  find  necessary  to  enable  ^on  to  make  a  plan  and  estimate 
lor  the  permanent  improvement  of  the  river  in  that  vicinity,  with  a  view  to  the  more 
easy  approach  to  the  ^Burlington  levee  at  all  stages  of  the  river.'' 

In  accordance  with  these  instructions,  I  be^n  the  survey  on  the  29th  July.  In 
order  to  make  the  survey  as  complete  as  possible,  and  with  a  view  to  the  improve- 
ment of  general  navigation,  as  well  as  the  removal  of  the  bar  immediately  in  front  of 
the  town,  I  commenced  work  some  distance  above  the  head  of  Rush  Chute  and  carried 
the  survey  down  river  to  about  1,500  feet  below  the  railroad-bridge.  The  survey 
embraces  the  m^in  river,  and  also  Rush  Chute  and  O'Connell  Slough,  and  sufficient 
transit  and  compass  lines  were  run  and  triangulations  made  to  give  a  complete  out- 
line of  the  main  shores  as  well  as  of  the  numerous  islands  and  sand-bars  in  which 
this  portion  of  the  river  abounds.  A  line  of  levels  was  run  down  the  left  bank,  a  pro- 
file of  which  is  shown  upon  the  map.  Numerous  bench-marks  were  established  and 
water-surfaces  taken.  From  the  water-gange  on  the  railroad-bridge  I  obtained  the 
elevation  of  the  river-surface  at  low  water,  and  this  elevation  is  used  as  a  datum  upon 
which  my  plan  and  estimates  are  based.  Some  6,500  soundings  were  made,  nearly  all 
of  which  were  located  by  theodolites,  and  these  have  been  plotted  as  taken,  and  show 
the  various  depths  at  a  stage  of  1.5  feet  above  low  water,  which  was  the  stage  of  the 
river  during  the  sounding  operations. 

I  have  made  my  estimates  for  improvement  to  give  5  feet  of  water  at  extreme  loio 
water,  which  is  the  design  followed  in  the  improvement  of  the  Des  Moines  KapidH. 
Contour-lines  in  hlue  have  been  drawn  on  the  map  showing  the  limits  of  the  5-fout 
channel  at  low  water, 

I  made  a  gauge  of  Rush  Chute  at  its  foot,  and  also  of  O'Connell  Slongh. 

As  regards  the  steamboat-channel,  in  previous  years  it  has  been  subject  to  freqaent 
changes. 
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Some  soasons  tbe  best  water  has  been  foand  on  the  east  side  of  Rash  liilaud,  and  at 
other  times  boats  have  mn  Rash  Chute. 

In  the  former  case  navigation  has  been  Invariably  bad,  the  channel  being  very 
crooked  and  shallow,  and  subject  to  sudden  changes,  sometimes  several  in  one  season. 
This  is  but  a  natural  result  from  the  immense  width  of  water-way  here  presented, 
and  the  numerous  small  islands  and  sand-bars  existing.  When  the  steamboat-chan- 
nel is  in  Rush  Chute,  very  little  difficulty  is  experienced,  except  at  the  head  and  foot 
of  the  chute. 

O'Connell  Slough  affords  a  fine  raft-channel,  except  at  the  lower  stages  of  the  river. 

Daring  the  last  eight  or  teu  years  a  sand-bar  has  been  gradually  forming,  beginning 
above  town  and  gradually  extending  down  river  in  front  of  the  city.    In  the  last  few 
years,  and  up  to  the  winter  of  1874-75,  the  growth  of  this  bar  was  very  rapid,  and  at 
that  time  it  had  extended  down  stream  as  far  as  Valley  street.    The  dotted  red  line 
on  the  man  shows  the  oatline  of  the  bar  at  its  maximum. 

Although  it  was  situated  nearly  in  the  center  of  the  river,  leaving  a  wide  and  deep 
channel  along  the  city  front,  fears  were  entertained  that  it  would  crowd  over  upon  the 
town  and  block  up  the  approaches  to  the  levee. 

Descending  boats  touching  at  Burlington  were  obliged  to  make  a  wide  circuit  around 
the  foot  of  the  bar  and  then  come  up  inside  to  the  landing,  and  ascending  boats  were 
compelled  to  make  the  same  detour  in  the  opposite  direction.  When  the  water  was 
too  low  in  O'Connell  Slough,  rafts  were  unable  to  make  a  landing  until  they  reached  the 
lower  end  of  town.  It  may  be  added  that  there  was  no  obstruction  to  through  navigation 
at  this  point,  that  is,  to  boats  not  landing  at  Burlington,  and  the  draw  of  the  railroad- 
bridge  18  admirably  located  and  in  such  a  position  that  there  will  always  be  a  suffi- 
ciency of  water. 

During  the  spring  of  1875  changes  in  the  channel  occurred  which  caused  a  "cutting 
through^  of  the  bar  opposite  the  upper  end  of  the  city,  and  this  passage  has  become 
wide  and  deep,  so  that,  at  the  time  of  present  writing,  a  good  channel  exists,  and 
nearly  all  the  lower  portion  of  the  bar  has  been  washed  away,  and  the  approach  to  the 
levee  is  perfect. 

I  may  also  add  that  there  is  scarcely  any  probability  that  the  city  will  ever  suffer 
from  the  encroachment  of  sand  to  any  extent,  and  that  there  will  always  be  a  deep 
channel  in  front  of  the  levees  kept  open  by  the  water  from  O'Conuell  Slough. 

I  trust  it  will  be  proper  in  this  report  to  suggest  the  improvement  of  the  river  at  the 
head  and  foot  of  Rush  Chute.  At  these  two  points.  Just  above  Burlington,  and  included 
in  the  present  survey,  there  are  obstructions  to  general  navigation  of  a  very  serious 
nature,  and  such  that  boats  are  often  detained  for  hours,  and  sometimes  days.  The 
removal  of  these  obstructions  would  open  up  the  river  for  150  miles  above,  except  at 
a  few  points  which  will  be  mentioned  in  my  report  on  the  "  Upper  Mississippi  River 
route,''  and  where  the  difficulty  is  not  so  serious  in  its  nature. 

Thus  it  will  be  seen  that  the  interests  not  only  of  Burlington  but  also  of  all  the  coun- 
try and  towns  lying  on  this  stretch  of  river  demand  the  improvement  in  this  locality. 
The  larger  towns  in  this  division  are  Burlington,  Oqnawka,  Keithsburgh,  New  Boston, 
Mnscatme,  Rock  Island,  Davenport,  Clinton,  Fulton,  and  Lyons. 

Observation  has  shown  ns,  in  the  case  of  the  Upper  Mississippi  River,  that  a  sand-bar 
is  formed  at  the  head  and  foot  of  nearly  every  island,  and  where  the  water  is  divided 
into  two  nearly  eqaal  parts  there  is  often  insufficient  water  in  either,  at  low  stages,  to 
afford  the  requisite  depth ;  or  the  natural  slackening  of  the  current  in  a  great  many 
cases  permits  the  bar  to  extend  entirely  across  the  channel. 

At  the  head  of  Rush  Chute  both  of  these  circumstances  come  into  play ;  bars  have 
formed  entirely  across  both  channels,  and  there  is  not  sufficient  current  in  either  to 
keep  a  deep  passage  open.  The  blue  lines  on  the  map  show  the  outlines  of  the  sub- 
merged bars,  and  the  limits  of  the5-foot  channels  at  low  water,  and  an  examination  of 
these  will  show  at  once  the  entire  situation.  At  the /oo(  of  Rush  Chute  the  same  diffi- 
culty is  met  with.    No  serious  obstruction  is  experienced  in  the  chute  itself. 

In  accordance  with  the  above,  I  would  most  respectfully  recommend  the  following 
project  for  improvement,  which,  if  carried  out,  will  afford  a  wide  and  deep  channel  for 
all  time  at  all  stages  of  the  river,  and  not  only  open  the  approach  to  Burlington,  but 
remove  the  only  really  serious  difficulties  now  existing  between  that  city  and  a  poiuc 
nearly  150  miles  above. 

First.  A  dam  of  stone  and  brush  across  the  main  river  from  Otter  Island  to  the  head 
of  Rush  Island.  This  will  turn  the  water  down  Rush  Chute  and  keep  the  steamboat- 
channel  where  it  now  is. 

The  reasons  for  navigating  Rush  Chute  in  preference  to  the  main  river  are  obvious. 
It  is  sufficiently  wide,  more  protected  from  winds,  and  is  the  most  direct  route. 

Should  the  water  be  turn^  down  the  east  side  of  Rush  Island,  it  would  spread  over 
a  very  wide  section  of  river,  and  would  split  up  into  various  channels  among  the  nu- 
merous islands  and  bars,  and  no  benefit  conld  be  assured ;  whereas  in  Rush  Chute  the 
water-way  is  more  contracted,  the  banks  are  tolerably  high  and  stable,  and  the  increased 
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cnrrent  and  volume  of  water  would  clear  out  all  obstacles  now  existing,  and  insure  a 
sufficient  depth  at  all  times. 

The  proposed  dam  is  1,400  feet  in  length,  principally  built  of  rock,  and  with  a  foun- 
dation of  brush  2  feet  in  thickness,  and  strengthened  by  piling.  The  crest  should  be 
about  3  feet  above  low- water  mark,  and  I  nave  estimated  for  a  5-fbot  width  on  top 
and  a  slope  of  1  to  1. 

The  roots  of  the  dam  and  the  adjacent  shores  would  have  to  be  protected  by  rip- 
rapping,  as  well  as  a  portion  of  the  bank  on  the  west  side  of  Rush  Chute,  where  the  cur- 
rent would  impinge. 

The  dam  would  have  full  effect  only  at  the  lower  stages  of  the  river,  its  crest  being 
but  3  feet  above  low  watery  so  that  no  danger  would  be  experience  from  floods,  and 
sufficient  water  would  be  obtained  at  the  time  when  most  needed. 

The  proposed  location  of  the  dam  is  shown  on  the  map. 

Second.  I  would  also  recommend  the  construction  of  a  light  subsidiary  dam  of  brush , 
to  close  up  the  small  island  chute  nearly  in  the  center  of  Rush  Chute.  This  would  be 
about  400  feet  in  length,  and  could  be  very  cheaply  built  on  the  Illinois  River  plan.  It 
would  straighten  the  channel  somewhat  and  prevent  a  diversion  of  a  portion  of  the 
water  around  the  small  island. 

(For  location  see  map.) 

Third.  To  complete  the  system,  a  light  brush  dam  should  be  built  from  O'Connell 
Island  across  to  the  head  of  small  island  at  the  foot  of  Rush  Chute.  This  dam  w6uld 
be  800  feet  in  length,  and  would  prevent  a  diversion  of  the  water  at  this  point. 

(For  location  see  map.) 

All  the  material  for  these  dams  can  be  obtained  at  a  cheap  rate  in  the  immediate 
vicinity. 

ESTIMATE    FOR    IMPROVEMENT    OF    MISSISSIPPI    RIVER    IN  VICINITY    OF    BURLINGTON, 

IOWA. 

Dam  No,  1. 
From  Otter  to  Rush  Island,  including  shore-protection  on  west  side  of  Rush  Chate : 

■ 

784  cords  brush,  (foundation,)  at  $2.25 |1,764  00 

2,375  linear  feet  piling,  (in  position,)  at  20  cents 475  00 

7,500  cubic  yards  rock,  (body  of  dam,)  at  $2 15, 000  00 

2,000  cubic  yards  riprap,  (shore  protection,)  at  $2 4, 000  00 

Labor,  engineering,  and  contingencies,  30  per  cent 6, 371  70 

$27, 610  70 

Dam  No,  2. 
In  Rush  Chute : 

320  cords  brush,  at  $2.25 720  00 

148  cubic  yards  rock,  at  $2 296  00 

352  cubic  yards  earth,  at  ;^  cents 123  20 

800  linear  feet  piling,  at  20  cents 160  00 

500  cubic  yards  riprap,  at  $2 1,000  00 

Labor,  engineering,  and  contingencies,  25  per  cent 574  80 

2,874  00 

Dam  No,  3. 
Foot  of  Rush  Chute : 

488  cords  brush,  at  $2.25 1,098  00 

266  cubic  yards  rock,  at  $2 532  00 

496  cubic  yards  earth,  at  :^  cents ^ 173  60 

1,600  linear  feet  piling,  at  20  cents 320  00 

833  cubic  yards  riprap,  at  $2 1,666  00 

Labor,  engineering,  and  contingencies,  25  per  cent 947  40 

4,737  00 

Total 35,^1  70 

Or,  in  round  numbers,  $35,000. 

I  will  add  a  few  facts  concerning  the  commercial  importance  of  Burlington.  The 
chief  river-trade  is  in  lumber,  in  which  about  one  thousand  men  are  emiHoyed,  and 
this  business  constitutes  the  chief  element  of  the  prosperity  of  the  city.  During  the 
season  of  1874  there  landed  at  the  levee  476  steamboats,  exclusive  of  barges,  represent- 
ing 285,000  tons  of  tonnage,  and  putting  on  shore  or  receiving  11,400  tons  of  freight 
and  4,350  passengers. 
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The  followiof;  statemeut  shows  the  amonDt  and  valae  of  varioas  articles  handled  ou 
the  river-front  in  1^4 : 

Designation.  Yalne. 

Lnmber,  logs,  &c.,  95,000,000  feet $1,615,000  00 

Shingles,  68,000,000 187,000  00 

Lath,  10,000,000 25,000  00 

Pickets,  2,000,000  feet 6,000  00 

Sash,  doors,  <fec , 50,000  00 

Wood,  8,000  cords 32,000  00 

Coal,  12,000  tons 36, 000  00 

Brick,  300,000 2.400  00 

Sand,  2,000  tons 800  00 

General  merchandise,  75,000  packages,  or  about  12,000  tons 1, 263, 680  00 

Total 3,217,880  00 

In  addition  to  the  above,  large  amonnts  of  grain,  hogs,  frnit,  hay,  and  vegetables, 
no  estimate  of  which  can  be  given,  were  received  or  shipped  by  river. 
All  of  which  is  respectfnlly  submitted. 

Very  respectfnlly,  your  most  obedient  servant, 

C.  W.  Durham, 
Assistant  Engineer 
Colonel  J.  N.  Macomb, 

Corps  of  ICngineerSf  U.  8.  A. 


N  7. 

examination  of  dubuque  harbor,  iowa. 

United  States  Engineer  Office, 

EocJc  Islandj  Illy  March  14, 1876. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  report  of  assistant 
engineer  0.  W.  Durham  on  an  examination  of  the  harbor  of  Dubaqae, 
Iowa. 

In  accordance  with  your  letter  dated  Washington,  D.  0.,  January  5, 
1876,  containing  instructions  for  an  early  examination  of  the  above- 
named  locality,  and  allotting  the  sum  of  $200  for  that  purpose  from  the 
appropriation  for  examinations  and  surveys  on  Western  and  North- 
western rivers,  I  instructed  Mr.  Durham  to  proceed  to  Dubuque  as 
soon  as  the  weather  would  permit,  and  make  an  examination  of  the  har- 
bor of  that  city,  with  a  view  of  proposing  a  remedy  for  the  existing 
and  threatened  impediments  to  navigation,  and  furnishing  an  estimate 
of  the  cost.  Mr.  Durham  presents  in  his  report  a  voluntary  statement 
of  a  number  of  well-known  citizens,  which  is,  I  think,  worthy  of  notice. 
The  bar  in  front  of  Dubuque  has  been,  during  a  number  of  years,  a 
great  obstruction,  and  threatens  to  become  even  more  troublesome. 
The  causes  which  led  to  its  formation  are  well  known  and  fully  set  forth 
in  the  accompanying  report.  I  approve  of  Mr.  Durham's  method  of 
improvement,  and  would  most  respectfully  recommend  an  appropriation 
of  $32,000  for  carrying  out  the  plans  indicated. 

Very  respectfully,  your  obedient  servant, 

J.  N.  MACOMB, 

Colonel  of  Engineers, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  S.  A. 
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report  of  mr.  c.  w.  durham,  assistant  en6inbbr. 

United  States  Engineer  Office, 

Bock  Island,  IlL,  February  1, 1876. 

Sir  :  I  have  the  honor  to  present  a  report  on  an  examination  of  the  harhor  of 
Dnbnque,  Iowa,  condacted  by  me  during  the  month  of  January,  1876. 

Accompanying  this  report  is  a  map,  containing  a  large  number  of  soundings  made 
in  the  course  of  my  examination,  and  others  obtained  from  the  city  engineer. 

All  of  the  soundings  are  reduced  to  low  water  of  1864.  On  the  same  sheet  are  :  A 
sketch  of  the  vicinity  of  Dubuque,  compiled  from  General  Warren's  map  of  1866,  with 
such  changes  as  have  occurred  since  that  time  ;  a  profile  of  the  center  line  of  the  pro- 
posed cut-off,  and  sections  of  Seventh-street  slough,  and  New  Barney  cut,  on  the  lines 
of  proposed  dams.  All  of  the  above  drawings  were  executed  by  Mr^  F.  S.  Eastman, 
assistant  engineer. 

On  the  8th  of  January,  I  received  orders  from  you  to  proceed  to  Dubuque  as  soon  as 
the  weather  would  permit,  for  the  purpose  of  ascertaining  the  danger  of  filling  up, 
which  threatens  the  harbor  of  that  city  ;  of  suggesting  a  remedy  for  the  existing  and 
threatened  difficulties ;  and  of  presenting  an  estimate  of  the  cost  of  averting  them.  On 
arriving  at  Dubuque,  I  called  on  the  city  engiueeer,  and  the  engineer  of  the  '*  ponton- 
bridge  company,'' and  obtained  from  them  various  data  in  regfurd  to  old  harbor-lines, 
&c,  I  was  also  able  to  make  a  tolerably  thorough  survey  of  the  locality  myself.  During 
my  stay  in  the  city,  a  number  of  the  oldest,  wealthiest,  and  most  reliable  citizens  of 
Dubuque  waited  upon  me  and  presented  me  with  a  statement,  of  which  the  following 
is  a  true  copy. 

I  statement  of  CmZENS  OF  DUBUQUE. 

''  We,  the  undersigned  citizens  and  old  residents  of  Northern  Iowa,  on  the  banks  of  the 
Mississippi  River  in  the  vicinity  of  Dubuque,  being  familiar  with  the  location  of  the  main 
steamboat-channel  as  it  existed  in  the  last  thirty  years  and  as  it  now  exists,  and  with 
the  formation  of  sand-bars  a£fecting  the  same,  are  convinced  that  the  sand-bar  now 
existing  and  yearly  increasing  in  the  river  opposite  the  public  landing  of  Dubuque  has 
become  a  great  impediment  to  the  navigation  of  the  river,  and  consequenaly  a  burden 
or  taxation  on  the  commerce  of  the  country  tributary  to  the  river  north  of  this  lati- 
tude, inasmuch  as  steamboats  and  rafts  of  logs  and  lumber  are  already  subjected  to 
|i^eat  inconvenience  in  crossing  or  getting  around  the  bar,  also  iu  reaching  a  safe  land- 
ing on  the  west  bank  of  the  river  at  the  public  landing ;  and  unless  some  means  are 
soon  adopted  to  remove  this  bar,  the  navigation  across  it  at  low  or  even  medium  atagea 
of  water  will  be  wholly  obstmcted." 

(Signed  by  Richard  Bonson,  and  15  others.) 

From  the  above,  from  examination  of  old  maps,  and  from  the  present  survey,  it  ap- 
pears that  some  twenty  years  ago,  and  prior  to  that  time,  the  main  steamboat  channel 
ran  along  the  west  bank  of  the  river,  so  that  boats  could  effect  a  landing  at  all  stages 
of  the  river  along  the  entire  city  front,  from  Seventh-street  slough  to  the  elevator. 
Boats  and  rafts  abo  made  use  of  the  channel  through  Lake  Peosta,  and  landed  at  what 
is  now  called  Old  Landing.  Since  that  time  a  bar  has  been  gradually  forming,  begin- 
ning at  the  mouth  of  Seventh-street  slough  and  enveloping  the  entire  city  front,  leav- 
ing onlv  a  very  narrow  channel  between  its  lower  end  and  the  lower  part  of  the  levee. 
Until  the  last  few  years,  boats  were  able  to  work  up  to  the  lower  levee,  passing  around 
the  foot  of  the  bar,  and  making  a  wide  circuit,  if  coming  down  river.  The  opening 
being  so  narrow  that  boats  could  not  turn,  they  were  obliged  to  back  out  nearly  a  half 
mile,  a  difficult  and  tedious  proceeding,  especially  if  encumbered  by  barges,  as  is 
generally  the  case.  During  the  past  season  even  this  narrow  channel  was  so  obstmcted 
uat  boats  were  unable  to  reach  their  landings,  and  our  soundings  now  show  a  width 
of  deep  water-way  of  only  about  150  feet;  and  even  this  passage,  narrow  as  it  is, 
would  be  blocked  at  low  water  to  steamers  drawing  4^  feet  of  water  and  over.  Of 
course,  when  several  boats  are  at  the  levee  at  the  same  time,  the  difficulties  are  aggra- 
vated, and  the  necessary  wharf-boats  still  further  limit  the  available  space. 

The  ferry-boat  plying  between  Dnbnque  and  Dunleith  experiences  great  difficulty 
every  season  in  getting  over  or  around  the  bar. 

A  comparison  of  the  soundings  taken  by  General  Warren  in  1866  with  those  mado 
by  me  clearly  shows  that  the  bar  is  gradually  closing  in  upon  the  shore  at  the  lower 
levee,  so  that  in  a  few  years,  unless  something  be  done  to  avert  the  calamity,  Dubuque 
will  be  entirely  inaccessible  to  steamboats  at  low  or  even  medium  stages  of  the  river. 
Rafts  have  been  unable  for  years  to  effect  a  landing  at  Dubuque  at  low  stages,  and  the 
lumber  interest,  which  is  a  very  large  one,  cries  for  relief. 

The  causes  which  have  led  to  the  formation  of  this  bar,  and  the  gradual  closing  up 
of  the  narrow  passage  before  indicated,  clearly  appear.  Some  20  years  ago  all  the 
water  passing  through  Lake  Peosta,  the  two  inlets  of  which  are  shown  in  the  sketch, 
passed  out  into  the  main  river  through  Waple's  Cut,  and  the  current  from  this  passage 
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■ 

kept  the  lower  levee  f^e  from  obstmction ;  nor  was  there  at  that  time  any  impedimeDt 
to  the  landiog  at  the  upper  levee  between  what  is  now  called  Seventh-street  Slongh  and 
Waple's  Cat.  In  the  winter  of  185&-'59  two  lateral  breaks  occnrred,  one  at  Seventh 
street  and  the  other  somewhat  lower  down,  and  called  the  New  Barney  Cat.  The  car- 
rent  from  these  two  breaks,  which  now  diverts  by  far  the  greater  portion  of  the  water 
passing  throagh  Lake  Peosta,  meeting  that  of  the  main  river  nearly  at  right  angles, 
has  caased  the  formation  of  a  sand-bar,  enveloping  the  entire  oit^  front.  The  exten- 
sion of  Third  street  still  farther  limited  the  amoant  of  water  passing  throagh  Waple's 
Cat,  so  that  this  oatlet,  formerly  navigable  to  steamboats,  and  offering  a  safe  winter 
harbor,  is  now  almost  entirely  filled  ap. 

The  remedy  which  I  propose  for  removing  the  obstrnctions  is  explained  below,  and 
I  may  add  that  I  am  sapported  in  my  explanations  of  the  caases  which  led  to  the  pres- 
ent state  of  affairs  as  well  as  in  my  plans  for  improvement  bv  the  anited  opinions  of 
all  those  whom  1  have  oonsolted — men  who  have  resided  here  for  many  years,  are  con- 
versant with  the  varioas  changes  of  the  river,  and  experienced  in  all  that  relates  to 
the  river  navigation. 

I  trast  that,  by  eliminating  the  caases  which  led  to  the  obstrnctions,  the  old  regime 
may  be  restored.    My  plan  is :    * 

-  1.  To  make  an  artificial  ont-on  from  the  head  of  New  Barney  Cat  to  the  moath  of 
Waple's  Cat  (location  shown  on  map)  in  sach  a  manner  that  the  cnrrent  from  the 
new  channel  may  be  directed  along  the  lower  levee  and  parallel  to  it.  The  effect  of 
this  cnrrent  will  be  to  widen  the  passage  now  existing  between  the  bar  and  the  shore, 
and  to  gradnally  remove  the  lower  end  of  the  bar  from  the  month  of  Waple's  Cat  to 
the  elevator.  The  proposed  cat-off  will  be  l&O  feet  wide  on  bottom,  with  a  slope  of  2 
to  1  on  the  sides,  and  its  grade  the  law  water  of  1864.  The  water,  once  started  tnroagl^ 
the  new  channel,  will  deepen  and  widen  the  passage  snfi&ciently  to  accommodate 
itself. 

2.  A  dam  (No.  1)  across  bead  of  Seventh-street  Slongh,  (location  shown  on  map.) 
The  proposed  dam  is  600  feet  in  length,  principally  constructed  of  rockj  and  with  a 
foandation  of  brash  2  feet  in  thickness,  strengtnened  by  two  rows  of  piling,  the  piles 
being  10  feet  apart  longitndinally.  The  crest  shoald  be  aboat  4  feet  above  low- water 
mark,  and  I  have  estimated  for  a  5-foot  width  on  top  and  a  slo^  of  1  to  1.  The  roots 
of  the  dam  and  the  adjacent  shores  will  be  protected  by  riprappmg. 

3.  A  dam  (No.  2)  across  month  of  New  Barney  Cat,  (location  shown  on  map,^  of  simi- 
lar construction  to  the  one  above  described.  This  dam  will  be  about  400  feet  long. 

4.  A  dam  (No.  3)  across  the  Third-street  opening,  (location  shown  on  map.)  No 
brush  foundation  will  be  needed  here,  as  the  opening  has  been  partially  closed  with 
rock. 

All  the  material  for  these  dams  can  be  obtained  at  a  cheap  rate  in  the  immediate 
vicinity.  The  land  through  which  the  cut-off  is  located  mainlv  belongs  to  the  city, 
which  will  doubtless  give  the  necessary  authority  for  undertaking  the  work  and  se- 
cure the  Government  against  all  claims  for  damages. 

ESTIMATE. 

Cut-off. 
73,640  cubic  yards  earth  excavation,  at  25  cents $18,410  00 

Dam  No,  1. 
Seventh-street  Slough : 

220  cords  brush,  (foundation,)  at  $2.25 $495  00 

2,409  linear  feet  piling,  (in  position,)  at  20  cents •  480  00 

1,120  cabic  yards  rock,  (body  of  dam,)  at  $2 2,240  00 

555  cabic  yards  riprap,  (shore  protection,)  at  $2 1, 110  00 


4, 325  00 


Dam  No.  2. 
New  Barney  Cat : 

140  cords  brash,  (foundation,)  at  $2.25 315  00 

1,600  linear  ffeet  piling,  (in  position,)  at  20  cents 320  00 

820  cabic  yards  rock,  (body  of  dam,)  at  $2 1,640  00 

277  cubic  yards  riprap,  (shore  protection,)  at  $2 554  00 


2,829  00 
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Dam  Xo.  3. 
Third-street  opening : 

160  linear  feet  piling,  (in  position,)  at  20  cents 32  00 

50  cubic  yards  rock,  at  $2 100  00 

132  00 


25,696  00 
Labor,  engineering  and  contingencies,  25  ^er  cent 6, 424  00 


32, 120  00 
Or,  in  roand  nnmbers,  $32,000. 
All  of  which  is  respectfully  submitted. 

Very  respectfully,  your  most  obedient  servant, 

C.  W.  Durham, 
Aaaistani  Engineer, 
Col.  J.  M.  Macomb, 

Corpe  of  Engineers,  U,S,A, 


APPENDIX  O. 


ANNUAL  REPORT  OF  MAJOR  F.  U.  FARQUHAR,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 
1876. 

United  States  Engineer  Office, 

Saint  Faulj  Minn.,  July  7, 1876.    . 

Genebal  :  I  have  the  honor  to  transmit  herewith  my  annual  reports 
of  operations  at  the  several  works  under  my  charge  during  the  year 
ending  June  30, 1876. 

Very  respectfully,  your  obedient  servant, 

F.  U.  Faequhab, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphbeys, 

Chief  of  Engineers^  U.  8.  A. 


Ox. 

PRESEBVATION  of  the  falls  of  saint  ANTHONY,  MISSISSIPPI  BIVER 

During  the  year  the  entire  excavation  for  the  concrete  dike  was  made 
and  the  dike  itself  completed,  except  the  filling  of  the  upper  and  lower 
passages.  Eight  thousand  three  hundred  and  seventy-seven  cubic  yards 
of  concrete  were  put  in  place,  making  a  total  now  in  place  of  11,484  cubic 
yards.  There  only  remains  about  3,000  cubic  yards  of  concrete  to  be 
put  in  place  to  complete  this  portion  of  the  work. 

The  average  cost  per  cubic  yard  of  concrete  in  place  was,  during  the 
year,  including  excavation,  pumping,  and  all  the  contingencies  of  the 
work,  only  $11.31 ;  for  the  previous  year  the  average  cost  was  828.68 
per  yard  of  dike  in  place,  but  this  year  the  work  was  troubled  but  with 
one  (August  1, 1875)  serious  incursion  of  sand  and  water. 

The  apron  was  repaired  and  cost  $25,215.46,  of  which  amount  $1,500 
were  contributed  by  the  citizens  of  Minneapolis.  On  making  soundings 
at  the  foot  of  the  apron  preparatory  to  commencing  the  repairs,  it  was 
found  that  at  the  foot  of  the  apron  on  the  east  side  the  sand-rock  was 
eroded  to  a  depth  of  42  feet  below  water. 
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The  concentration  of  the  whole  volame  of  the  Mississippi  Biver  into 
a  width  of  not  more  than  200  feet,  as  is  done  by  the  faalty  construction 
of  the  Water-Power  Company's  dams  and  the  apron  itself,  makes  it 
necessary  to  expend  constantly  sums  of  money  to  repair  the  apron,  as 
nothing  short  of  a  granite-lined  channel  below  the  falls  would  resist  the 
eroding  effect  of  the  immense  volume  of  water  that  at  seasons  of  high- 
water  pass  over. 

The  proprietors  of  the  Minneapolis  Water-Power  Company  have  con- 
sented to  remove  the  saw-mills  on  the  platform  extending  into  the  river 
&om  the  west  bank  as  soon  as  the  leases  expire,  and  they  have  already 
commenced  to  take  up  the  expired  leases  when  such  leases  provided  for 
an  extension  or  valuation  of  improvements. 

When  these  mills  are  removed  an  additional  water-way  of  200  feet  will 
be  gained,  which  of  course  will  materially  diminish  the  amount  passing 
over  the  apron.  I  am  of  the  opinion  that  the  Saint  Anthony  Water- 
Power  Company  should  also  arrange  their  dam  on  the  east  side  of  Hen- 
nepin Island,  so  that  at  seasons  of  high  water  a  portion  of  the  discharge 
of  the  river  should  pass  over  that  portion  of  the  falls  below  their  dam. 

Should  Congress  provide  the  necessary  funds,  the  following  work  will 
be  carried  out  during  the  fiscal  year  ending  June  30, 1877 : 

1.  The  dike  will  be  completed ; 

2.  The  rolling-dams  on  the  ledge  above  the  falls  in  the  main  channel 
will  be  built ; 

3.  The  excavations  under  the  limestone  above  the  dike  will  be  filled 
with  gravel ;  and 

4.  An  extension  of  the  apron  will  be  constructed  on  the  east  side  of 
the  main  channel. 

The  proposals  for  the  second  and  third  items  have  already  been 
opened,  and  contracts  will  be  awarded  as  soon  as  funds  are  appro- 
priated. 

The  original  estimate  for  the  preservation  of  the  Falls  of  Saint  An- 
thony was  as  follows,  (see  page  285,  Part  I,  Report  of  the  Chief  of  En- 
gineers, 1874 :) 

ForcoDstructionof  dike ^130, 372  00 

For  completion  and  repairs  of  apron 65,000  00 

For  dams  on  limestone 24,420  00 

For  wall  at  head  of  ledge 200,000  00 

419,792  00 

There  have  been  appropriated  as  follows : 

By  act  approved  June  23, 1874 $125,000  00 

By  act  approved  March  3, 1875 100,000  00 

225,000  00 

There  have  been  expended  as  follows : 

Construction  of  dike $183,780  28 

Repairs  of  apron 23,715  46 

Repair  of  coffer-dams  and  work  necessary  to  repair  damages  made  by  river.      16, 707  60 

224,203  34 

The  estimated  cost  to  complete  the  dike  is  $28,501.77,  toaking  the 
total  cost  of  dike  $212,282.05,  or  $81,910.05  more  than  estimated.  Bat 
the  original  estimate  was  for  11,852  cubic  yards  of  wall,  at  $11  per  yard, 
bat  owing  to  the  changes  of  dimensions  made  necessary  by  the  charac- 
ter of  the  rock  and  the  danger  from  constant  incursions  of  the  water, 
the  actual  contents  of  the  finished  dike  will  be  14,484  cubic  yards,  and 
the  cost  per  cubic  yard  will  be  $14.66. 
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The  estimate  for  the  completion  of  work  as  proposed  by  the  Board  of 
Engineers  1874,  will  be  as  follows  : 

For  completion  of  dike $28,501  77 

For  repairs  and  extension  of  apron 41,284  54 

For  dams  on  limestone  ledge 24,420  00 

For  waU  at  head  of  ledge 300,000  00 

294, 226  31 
Add  for  filling  excavations  under  limestone  ledge  and  above  dike  with 
21,000  cubic  yards  of  gravel,  at  50  cents  per  cubic  yard 10, 500  00 

304, 726  31 
Amount  already  appropriated 225,000  00 

Total  cost - 529,726  31 

I  think  the  amoant  ($125,000)  asked  for  in  my  last  annual  report  for 
the  present  year  will  be  sufficient  to  finish  all  the  work  at  the  Falls  of 
Saint  Anthony,  recommended  by  the  Board  of  Engineers  1874,  except  the 
upper  wall.  I  would  suggest  that  the  effect  of  the  one  now  being  con- 
structed be  observed,  and  I  hope  that  it  may  prove  adequate  to  stop  the 
percolation  without  any  other  wall  or  dike  being  built  above  it. 

The  following  is  a  copy  of  the  detailed  report  of  Assistant  Engineer 

J.  L.  Gillespie,  who  has  had  local  charge  of  the  works.    Great  credit  is 

due  Mr.  Gillespie  for  his  great  intelligence  and  energy  in  carrying  on 

the  work. 

report  of  mr.  j.  l.  gitxesfib,  assistant  engineer. 

United  States  Engineer  Office, 

Saint  Paul,  Minn.,  Jane  30, 1876. 

Sir  :  I  have  the  honor  to  make  the  following  report  of  the  progress  of  the  works  for 
the  preservation  of  the  Falls  of  Saint  Anthony  during  the  year  ending  June  30, 1^6 : 

the  concrete  dike. 

At  the  close  of  the  last  fiscal  year  the  foundation  of  the  dike  was  laid  for  a  distance 
of  479.6  feet,  and  the  dike  completed  to  the  upper  level  for  450.8  feet,  130.3  feet  east 
and  320.5  feet  west  of  the  main  shaft  on  Hennepin  Island.  The  upper  drifts  had  been 
excavated  356.8  feet  eastward  and  405  feet  westward. 

On  July  8  a  spring  was  struck  at  the  west  heading,  370  feet  from  the  shaft  and  30 
feet  below  the  ledge,  which  increased  rapidly  for  a  few  hours,  bringing  in  sufficient 
sand  to  fill  the  lower  drift  west  of  the  first  sump.  The  increased  flow  at  this  time  was 
due  to  the  stoppage  of  the  drain  in  the  east  passage,  (break  of  April,  1875,)  the  water 
from  that  point  finding  its  way  through  seams  in  the  sand-rock  to  the  west  heading. 
The  drain  was  re-o^ened,  reducing  the  flow  of  the  spring,  which  was  then  confined  to 
a  6-inch  pipe,  the  cavity  formed  by  it  being  fiUed  with  concrete.  During  the  remain- 
der of  the  month  the  spring  continued  to  flow  steadily,  frequently  bringing  in  lai^ 
quantities  of  sand  and  seriously  delaying  the  progress  of  the  work.  On  August  1  the 
spring  again  increased  in  volume,  bringing  in  such  quantities  of  sand  as  to  fill  the 
lower  drift  nearly  to  the  top  of  the  arch.  This  time  it  was  found  that  the  drain  in  the 
west  passage  (breaJc  of  1873)  had  been  closed  by  the  faU  of  a  mass  of  sand -rock  and 
shale,  and  the  water  from  this  channel,  together  with  a  small  stream  from  the  first 
break,  was  draining  into  the  west  drift  instead  of  the  old  tunnel,  as  heretofore.  Two 
days  iater  the  pumps^riven  by  water-power,  were  disabled  by  the  breaking  of  the 
driving-shaft,  and  the  Heald  &  Sisco  steam-pump,  after  running  a  few  hours,  was  also 
broken,  allowing  the  excavation  to  fill  with  water  nearly  to  the  level  of  the  upper 
drifts  before  the  damage  could  be  repaired  and  a  jury-pump  started.  This,  together 
with  the  spring  above  mentioned,  caused  the  sand-rock  at  the  west  heading  to  cave 
down,  forming  a  channel  from  10  to  15  feet  wide,  extending  northward  from  the  dike 
about  100  feet.  From  the  5th  to  the  23d  of  August  work  on  the  dike  was  confined  to 
clearing  out  the  sand  which  had  accumulated  in  the  pump-well  and  lower  drifts. 

In  the  mean  time  the  channel  from  the  break  of  1873  was  re-opened  and  cleared  out 
to  the  head  of  the  drain-pipe,  a  drift  cut  through  the  sand-rock  from  this  channel  to 
the  first  break,  and  pipes  laid  to  convey  all  drainage- water  to  the  iron  pipe  in  tho 
main  tunnel. 

This  work  reduced  the  flow  of  the  spring  at  the  west  heading  to  about  one-half  tho 
capacity  of  the  6-inch  pipe  through  which  it  flows,  and  put  an  end  to  the  incursions  of 
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eand.    The  spring  continaed  in  the  same  condition  up  to  the  time  of  stopping  the 
pumps,  March  31, 1876. 

From  August  last  to  the  stoppage  of  the  work  this  spring  the  construction  of  the 
dike  continued  steadily  without  serious  interruption.  The  quantity  of  water  met  with 
in  the  excavation  was  comparatively  small,  and  the  streams  easily  oontroUed.  The 
•excavation  for  the  east  branch  of  the  dike,  600  feet  In  length,  extending  70  feet  east  of 
high-water  shore-line,  was  finisbed  in  November.  The  side-walls  of  the  lower  drift 
were  continued  to  the  end,  but  over  the  last  116  feet  no  arch  was  turned,  the  concrete 
filling  being  continuous  from  the  bottom  to  the  top.  At  the  Qast  end  of  the  dike  a 
cross-wall  was  constructed,  forming  a  X  with  the  main  wall,  the  arms  being  each  6  feet 
by  3  feet.  At  25  and  50  feet  from  the  end,  spur-walls  were  built,  on  the  upper  side  of 
the  dike,  of  similar  dimensions.  The  upper  east  drift  has  been  filled  with  concrete  to 
within  127  feet  of  the  shaft,  the  lower  to  within  170  feet.  In  filling  the  lower  drift 
much  trouble  was  experienced  in  stopping  the  flow  of  water  at  various  points  through 
the  bottom  and  side  walls,  but  at  the  time  of  stopping  work  the  water  had  been  almost 
entirely  excluded. 

The  excavation  for  the  west  branch  of  the  dike  was  completed  March  7,  and  the 
concrete  finished  to  the  level  of  the  upper  drift  March  14,  at  which  latter  date  work 
was  suspended,  the  appropriation  being  nearly  exhausted.  The  last  35  feet  of  the  dike 
was  built  up  solid  from  the  bottom,  and  cross  and  spur  walls  built  similar  to  those  at 
the  east  end.  The  length  of  the  west  branch  of  the  dike  is  1,275  feet,  a  reduction  of 
50  feet  from  the  original  plan,  the  firm  character  of  the  sand-rock  seeming  to  render 
any  further  extensions  unnecessary.  The  west  end  of  the  dike  is  25  feet  west  of  the 
river-shore  line. 

At  a  point  403.6  feet  west  of  the  intersection  of  drifts  at  the  pump- well,  the  axis  of 
the  dike  deflects  44°  38'  32''  toward  the  south,  the  angle  being  turned  on  a  curve  of  4ti 
feet  radius.  The  side-walls  on  the  north  side  of  the  upper  west  drift  have  been  ex- 
tended to  a  point  594  feet  from  intersection  of  drifts ;  that  on  the  south  side  315  feet. 

The  west  oranch  of  the  tunnel,  just  above  the  crossing  of  the  dike,  has  l)een  closed 
by  a  bulk-head  of  concrete.  Three  pipes,  12  inches  in  diameter,  are  laid  through  the 
concrete  to  carry  off  the  draina  ^e  from  the  upper  tunnel.  The  pumps  were  kept  run- 
ning until  the  evening  of  March  31,  when  they  were  stopped,  and  the  lower  drifts 
allowed  to  fill  with  water.  The  water  rose  slowly  until  it  reached  the  discharge-pipe 
leading  from  the  pump-well  to  the  west  branch  of  the  old  tunnel,  where  it  has  re- 
mained stationary,  discharging  through  the  pipe  at  the  rate  of  about  10  gallons  per 
minute. 

The  general  plan  of  construction  pursued  has  been  the  same  as  described  in  the  last 
annual  report,  the  main  variations  being  the  substitution  of  an  open  box-drain  for  the 
«tone  pipe  formerly  used  in  the  foundation,  and  the  use  of  hoisting- engines  for  raising 
the  excavated  sand  on  inclined  planes  from  the  lower  to  the  upper  drifts.  In  Novem- 
ber last  a  Blake  steam-pump  was  placed  in  (he  pump- well,  which  has  rendered  efficient 
service  whenever  the  pumps  driven  by  water-power  have  been  stopped  for  repairs. 

During  the  summer  and  fail  of  1875,  the  ledge  covering  the  channel  from  the  first 
break  on  the  west  side  of  Nicollet  Island  was  quarried  out,  the  stone  being  used  in  the 
construction  of  the  dike,  and  the  channel  filled  with  gravel  as  the  quarrying  progressed. 
Since  November  last  the  stone  for  the  dike  has  been  obtained  from  the  lower  part  of 
Hennepin  Island,  near  the  original  entrance  to  the  tunnel.  The  amount  of  concrete 
put  in  during  the  year  is  8,377  cubic  yards,  making,  with  3,107  cubic  yards  put  in  last 
year,  a  total  of  11,484  yards  now  in  place  in  the  dike.  The  average  cost  per  yard  of 
finisned  wall  during  the  year  has  been  $11.31.  Average  cost  last  year,  $28.68.  Average 
for  the  two  years,  116. 

The  amount  of  sand  excavated  during  the  year  was  9,324  cubic  yards.  The  total 
amount  of  measured  excavation  to  date  has  been  13,361  yards,  to  which  should  be  added 
cavities  not  measured,  estimated  at  850  yards. 

There  remains  to  complete  the  dike,  the  filling  of  the  upper  and  lower  drifts,  pump- 
well,  and  sumps,  which  will  require  about  3,000  yards  of  concrete. 

BEFAIR  OF  THE  APRON. 

Early  in  August  the  work  of  repairing  the  apron  at  the  face  of  the  falls  was  com- 
menced, the  lower  end  of  this  structure  having  been  entirely  destroyed  by  the  ice- 
freshet  in  the  spring  of  1875,  and  the  bottom  of  the  river  below  scoured  out  to  a 
depth  of  30  to  40  feet.  Large  timber-cribs  filled  with  stone  were  sunk  at  the  foot  of  the 
apron,  upon  which  the  plank  covering  was  extended,  with  the  same  slope  as  above,  to 
a  depth  of  2  feet  below  low  water.  A  large  amount  of  stone  was  also  put  in  below  the 
cribs.  The  original  planking  was  renewed  wherever  necessary,  the  4-inch  pine  cover- 
ing extended  over  the  east  half  which  had  been  left  unfinished,  and  the  more  exposed 
portions  protected  with  oak  planking- 
Work  was  continued  until  December,  when  it  was  suspended  on  account  of  the  severe 
cold,  the  repairs  being  then  CotvJnietod  with  the  exception  of  leveling  and  covering  a 
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length  of  140  feet  at  the  foot  on  the  west  side.  This  portion  of  the  work  was  finished 
daring  the  month  of  March,  funds  ($1,500)  for  the  purpose  having  heen  furnished  hy 
the  citizens  of  Minneapolis. 

There  has  heen  expended  on  the  apron  during  the  year  by  the  United 

States  Government $23,715  46 

By  the  citizens  of  Minneapolis 1,500  00 

Total 25,215  46 

The  foot  of  the  apron  on  the  west  side  has  again  settled  somewhat  and  will  need 
further  repairs,  the  extent  of  which  cannot  be  determined  until  the  season  of  low  water. 
So  long  as  the  abrading  action  of  the  water  passing  over  the  falls  is  confined  to  its 
present  narrow  limits,  the  apron  cannot  be  made  permanent  and  will  require  ooustant 
repairs. 

Very  respectfully,  your  obedient  servant, 

J.  L.  Gillespie^ 
Jsifistant  Engineer, 
MiyorF.  U.  Farquhar, 

Corps  of  Engineers  J  U.  S.  A, 

Money  statement. 

Amount  available  July  1, 1875 $135, 106  76 

Amount  expended  during  fiscal  year  ending  June  30, 1876 132, 044  3d 

Amount  available  July  1,  1876,  including  ^11.70  due  on  contracts 3, 06'3  38 

Amount  appropriated  by  act  approved  August  14,  1876 120, 000  00 

Amount  (estimat-ed)  required  for  completion  of  existing  project 184, 726  35 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.        5, 000  00 


O   2. 

IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  ABOVE  THE  FALLS  OF  SAINT 

ANTHONY. 

No  work  of  improvement  was  carried  on  daring  the  fiscal  year,  as  the 
amount  available  from  the  appropriation  made  in  1874  was  not  enough 
to  work  on,  and  it  was  deemed  necessary  to  expend  the  total  sum  ap- 
propriated by  the  act  approved  March  3, 1875,  on  the  work  at  the  Falli^ 
of  Saint  Anthony.  * 

The  river  wa«  thoroughly  gauged  for  the  purpose  of  determining  the 
high  and  low  water  discharges.  The  localities  at  which  the  measure- 
ments were  made  and  the  amounts  discharged  were  as  follows : 


Locality. 


• —  -  -  I 

Brainerd 

One  mile  above  Sauk  Rapids 

Pridley 's  Bar,  4  miles  above  Falls  of  Saint  Anthony 


«uS 

Z^^ 

O  es«» 

ja  o  p 

•^ 

15,330 

31.  450 

43,500 

1 

s; 


08  « 


t2  b.  «  o 

Wl  ®  c  t 
PM  U  tt 


3,450 

3,rjo 

4,«K) 


I  purpose  making  a  special  report  on  the  subject  of  this  gauging  as 
soon  as  some  additional  data  are  collected,  which  will  be  as  soon  as 
work  is  resumed  on  the  river. 

There  was  no  use  made  of  the  river  between  Minneapolis  and  Aitkin 
last  season  for  any  purposes  of  commerce  except  the  running  of  logs. 
Between  Aitkin  and  Grand  Kapids  one  small  steamer  made  as  many 
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trips  as  were  necessary  to  supply  the  lamber-camps.  A  very  small 
steamboat  was  put  on  the  river  above  Minneapolis  this  spring,  but  I 
have  not  heard  of  its  doing  any  bnsiness. 

No  amount  additional  to  that  ($75,000)  asked  for  in  my  last  annual 
report  is  necessary.  Should  that  amount,  or  any  other,  be  appropriated, 
it  will  be  used  in  building  wing-dams,  commencing  just  below  the 
Thousand  Islands  and  continuing  down  stream,  and  removing  bowlders 
from  the  bed  of  the  river. 

Money  statement. 

Amount  appropriated  by  act  approved  August  14, 1876 J20, 000  00 

Amount  (estimated)  required  for  completion  of  existing;  project 55, 000  00 

Amount  that  can  be  profitably  expended  iu  fiscal  year  ending  June  30, 1878.    55, 000  00 


O3. 

CONSTRUCTION  OF  LOCK  AND  DAM  ON  MISSISSIPPI  EIVER  AT  MEEKER'S 

ISLAND,  MINNESOTA. 

No  work  has  been  done  here,  as  no  fnnds  were  available,  because  the 
parties  holding  the  land-grant  have  not  made  any  acceptable  release  as 
required  by  the  act  approved  March  3, 1875,  The  State  of  Minnesota 
shonld  annnl  the  grant  to  the  parties  now  holding  the  land-grant,  and 
release  the  same  to  the  United  States, 

Shonld  it  be  determined  to  carry  on  this  work,  a  sam  not  less  than 
$300,000  shonld  be  appropriated  for  the  fiscal  year  ending  June  30, 
1878. 

Money  statement* 

Amount  available  July  1, 1876 $95  000  00 

Amount  (estimated)  required  fur  the  completion  of  existing  project i&2, 121  46 


O  4. 

IMPROVING  MINNESOTA  RIVER. 

After  dne  advertising,  a  contract  was  made,  September  7, 1875,  with 
Fendall  G.  Winston  for  removing  snags,  bowlders,  and  overhanging 
trees  from  the  river  and  its  banks.  Under  this  contract  all  the  snags 
and  bowlders  in  the  low-water  channel  and  the  overhanging  trees  on 
the  banks  of  the  river  were  removed  between  Mankato  and  a  point  liO 
miles  belo%. 

The  contractor  made  use  of  dynamite  in  loosening  and  destroying 
snags  when  they  were  so  firmly  imbedded  in  the  bottom  as  to  be  beyond 
the  power  of  his  machinery  to  litt  them. 

The  following  is  the  summary  of  the  work: 

Overbanffing  trees  cut  down.,,        ^. 1,9:2 

SnagH  removed ' 1,319 

Bowlders  removed,  cubic  yartl^**'  '"]l i 


704  BEPOET   OP   THE   CHIEF   OP   ENGINEERS. 

The  estimate  made  for  removing  the  sna^s,  overhanging  trees,  &c., 
(see  Annual  Eeport  Chief  of  Engineers,  1875,  Part  I,  page  364,)  was  as 
follows : 

3,335  snags,  at  $5 116,075  00 

24drif]t-pUe8,iat$l00 2,400  00 

4,122  fallen  and  overhanging  trees,  at  (3 12,366  00 

31, 441  00 
10  per  cent,  for  contingencies 3,144  10 

34,585  10 
Appropriated  by  act  approved  March  3,1875 '....     10,000  00 

Remaining  to  be  appropriated 24,585  10 

But  since  making  the  survey  upon  which  the  above  estimate  was 
made,  many  trees  then  on  the  banks  have,  owing  to  the  undermining  of 
the  banks,  become  snags.  Each  year  new  obstructions  are  added  by 
the  caving  in  of  the  banks,  and  the  results  of  improving  the  river  by 
only  removing  these  obstructions  are  only  very  temporary,  and,  were  all 
the  snags  or  other  obstructions  removed  irom  the  low-water  channel, 
still,  during  low  water,  there  would  not  be  a  sufficient  channel  for  pur- 
poses of  navigation. 

Two  small  steamboats  that  went  np  the  Minnesota  River  in  May  last 
during  the  high- water  had  to  discharge  their  return  freights  at  Mankato 
before  they  could  return  to  the  Mississippi  Biver,  and  even  then  they 
experienced  great  difficulty. 

Between  Mankato  and  Hurricane  Bend  there  were  removed  during 
the  fiscal  year  ending  June  30, 1868,  (see  page  349,  Eeport  of  Chief  of 
Engineers,  1868,)  1,890  snags,  and  during  past  year  306  snags. 

Until  the  lock  and  dam  are  built  at  Little  Bapida  there  can  be  no 
navigation  on  the  river  above  that  obstruction  except  by  flat-boats  com- 
ing down  stream,  and  even  then  they  cannot  pass  the  rapids  at  low 
water.  I  do  not  think  any  money  ought  to  be  spent  for  improving  the 
river  above  Little  Bapids  until  the  proposed  lock  and  dam  at  that  local- 
ity is  completed. 

The  detailed  estimate  of  the  cost  of  this  lock  and  dam  is  as  follows, 
(see  page  363,  Part  I,  Beport  of  the  Chief  of  Engineers,  1875 :) 

2,522  cubic  yards  rock-excavation,  at  |2 |5,044  00 

5,113  cabic  yards  earth-excavation,  at  50  cents 2,556  50 

1,161  cubic  yards  hammered  masonrv,  at  |25 29,025  00 

182  cubic  yards  rubble-masonry,  at  |l2 2,184  00 

5,050  cubic  yards  concrete,  at  $8 40,400  00 

666  cubic  yards  earth-filling  of  hollow  waUs,  at  $1 666  00 

2  sets  iron  gates  and  fixtures,  at  $5,000 10,000  00 

300  feet  needle-dam  superstructure,  at  $70 21,000  00 

500  feet  coffer-dam,  at  |lO 5,000  00 

115,875  50 
10  percent,  for  contingencies 11,587  55 

127, 463  05 

Should  Congress  make  an  appropriation  sufficient  to  commence  the 
lock  and  dam  at  Little  Bapids,  and  in  time  to  make  use  of  the  low-water 
season  of  1876,  work  could  begin  as  soon  as  contracts  could  be  made, 
and  it  is  probable  that  the  foundations  could  be  put  in  during  the  fiscal 
year  ending  June  30,  1877.  Should  only  the  usual  appropriation  of 
$10,000  be  made,  it  might  not  be  expended  until  next  season,  when,  with 
an  additional  appropriation  of  $50,000,  work  might  be  commenced  j  or 
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it  coald  be  nsed  in  continaing  the  removal  of  the  snags  and  bowlders, 
&c.y  below  the  point  reached  last  February. 

Money  statement. 

Amount  available  Jnly  1, 1875 $9, 620  84 

Amount  expended  during  fiscal  year  ending  June  30, 1876 9»  577  38 

Amount  available  July  f,  1876,  including  ^.02  due  on  labor  and  materials.  43  46 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project,  lock  and 

dam  at  Little  Kapids 127,463  05 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878, 

lock  and  daim  at  Little  Eapids 60,000  00 

• 
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OS- 

survey  of  the  chippewa  river,  wisconsin. 

United  States  Engineer  Office, 

Saint  Paulj  December  13, 1875. 

General:  I  have  the  honor  to  make  the  following  report  of  the  re- 
snlts  of  a  survey  made  daring  the  past  season  on  the  Chippewa  Hiver, 
Wisconsin. 

As  the  amount  allotted  ($1,800)  for  this  survey  was  so  small,  it  was 
thought  best  to  use  it  in  making  detailed  surveys  of  the  worst  obstruc- 
tions below  Chippewa  Falls,  as  shown  by  the  examination  made  in  1874. 
The  results  of  this  latter  examination  were  reported  by  me  in  letter 
dated  January  30,  1875. 

Detailed  surveys  were  made  at  the  following  localities : 

1.  Upper  Dalles.    (See  accompanying  tracing  No.  1.) 

2.  Lower  Dalles.    (See  accompanying  tracing  No.  2.) 

3.  Rnmsev's  Bar.    (See  accompanying  tracing  No.  3.) 

4.  Dnrand  Bars.    (See  accompanying  tracing  No.  4.) 

5.  Head  of  Beef  Sloagh.    (See  accompanying  tracing  No.  5.) 

6.  Month  of  river.    (See  accompanying  tracing  No.  o.) 

1.  UPPER  DALLES. 

This  obstruction  in  the  river  is  a  little  more  than  4  miles  below 
Chippewa  Falls.  The  river  here  breaks  through  a  ledge  of  coarse  yel- 
lowish sandstone.  The  distance  from  the  head  to  the  foot  of  the  Dalles 
is  about  12,000  feet,  and  the  total  fall  is  10^  feet,  or  au  average  of  4.62 
feet  per  mile.  By  examining  tracing  No.  1,  it  will  be  seen  that  the  only 
way  to  improve  this  part  of  the  river  for  steamboat-navigation  is  by 
building  a  lock  and  dam.  The  lock-chamber  should  be  200  feet  by  50 
feet,  with  h  lift  of  10^  feet,  and  should  be  of  stone  and  concrete  masonry. 
The  dam  should  be  of  timber,  and  furnished  with  an  adjustable  timber- 
chute  for  the  use  of  rafts.  The  cost  of  this  improvement  will  be  as 
follows : 

Dam,  557  feet  long .^ $61,733  69 

Timber-chute 10,007  95 

Lock 122,523  41 

194,265  05 
Add  10  per  cent,  for  contingencies * 19,426  50 

Total 213,691  55 

2.  LOWER  DALLES.     (SEE  TRACING  NO,  2.) 

The  rapids  at  this  locality  commence  about  one  and  one- fourth  miles 
above  the  mouth  ot  the  Eau  Claire  River.  The  river  here  again  breaks 
through  a  ledge  of  coarse  sandstone,  and  has  cut  through  it  a  very  tor- 
tuous  channel.  From  the  head  to  the  foot  of  the  rapids  the  distance  is 
9,850  feet,  and  the  total  fall  is  8.8  feet.  Here  it  is  proposed  to  overcome 
the  obstruction  by  constructing  a  dam  with  timber-chute  just  below  the 
railroad-bridge,  a  canal  3,610  feet  long  from  the  dam,  on  the  left  bank 
of  the  river,  and  at  the  end  of  the  canal  a  lock  200  feet  by  50  feet,  and 
9^  feet  lift. 

The  canal  will  be  100  feet  wide  at  the  water-line  and  4  feet  deep.  At 
the  upper  end  of  the  canal  will  be  guard-gates.  The  cost  of  this  im- 
provement will  be  as  follo^g : 
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Dam,  570  feet  loDg $36,218  94 

Timber-chute 8,246  76 

Canal  and  locks /. 178,160  27 

222, 625  97 
Add  10  per  cent,  for  contingencies 22,262  59 

Total 244,888  56 

3.  RUMSEY'S  bar— 4.  DURAND  BARS. 

These  places  iu  the  river  are  filled  with  sand  bars,  the  material  for 
which  has  evidently  been  largely  furnished  by  the  hi^h  sand-banks  jast 
above  them.  I  do  not  think  there  would  be  any'difficnlty  in  maintain- 
ing a  good  channel  through  these  parts  and  others  were  the  supply  of 
sand  cut  off,  and  unless  these  '* yellow  banks"  are  protected  from  the 
erosive  action  of  the  rivei^i  any  wing-dams  or  other  constructions  to 
improve  the  natural  channel  of  the  river  will  only  have  a  very  tempo- 
rary effect. 

There  are  on  the  river  six  of  these  "  yellow  banks,''  varying  from  80 
feet  to  100  feet  in  height,  and  having  a  total  of  face  exposed  to  the  river 
of  21,000  feet  The  river  slopes  of  these  banks  are  &om  35^  to  40<^, 
and  the  sand  can  be  seen  continually  rolling  and  sliding  into  the  river. 
I  think  thaty  before  any  other  work  is  commenced  on  the  Chippewa 
Biver,  the  bottoms  of  these  slopes  should  be  protected.  This  pro- 
tection should  be  of  brush,  made  into  fascines,  and  so  placed  as  to  revet 
these  slopes  as  high  as  mean  stage  of  water,  and  then  willows  should 
be  planted  in  the  berns.  While  on  the  accompanying  tracings  wing- 
dams  to  be  coDStruoted  are  shown,  yet  I  would  not  recommend  their 
construction  until  the  sand-banks  are  protected.  By  referring  to  my 
report  of  last  year,  the  location  and  extent  of  each  of  the  "  yellow 
banks  "  can  be  ascertained.  They  are  given  in  the  items  of  necessary 
improvements,  numbered  3, 10, 18, 25, 27, 29.  The  total  number  of  cubic 
yards  of  brush-work  is  66,440,  and,  at  an  average  expense  of  $1.25  per 
cubic  yard,  would  cost  to  construct  $83,050.  The  experiment  might  be 
tried  on  the  "  yellow  banks  "just  above  and  below  Bumsey's  Bar.  The 
cost  of  revetting  these  two  would  not  be  more  than  $30,000. 

5.  HEAD  OF  BEEF  SLOUGH. 

On  the  subsidence  of  the  river  after  the  last  spring  freshet  it  was 
found  that  a  great  change  had  taken  place  in  the  river  between  the 
Bound  Hill  boom  and  the  head  of  Beef  Island.  The  old  main  channel 
to  the  left  of  Beef  Island,  which  passes  by  the  head  of  Beef  Slough, 
had  almost  entirely  filled  up,  while  Horse  Slough,  to  the  right  of  the 
island,  had  very  much  deepened,  and  the  amount  of  water  flowing 
through  it  was  nearly  fourteen-fifteenths  of  the  whole  volume  of  the 
river  above  Beef  Island.  The  cause  of  this  change  is  evident.  The 
Bound  Hill  boom  sent  the  current  against  the  rocky  left  bank  of  the 
river,  and  caused  an  eddy  just  below  itself,  in  which  was  deposited  the 
large  sand-bar,  (So.  1  on  tracing.)  After  striking  the  left  bank,  the 
current  was  deflected  toward  the  head  of  Horse  Slough,  and  the  last 
high  water  completed  the  work,  which  no  doubt  has  been  progressing 
since  the  placing  of  the  upper  boom,  of  making  Horse  Slough  the  main 
channel. 

There  are  some  few  snags  in  Horse  Slough  that  should  be  removed, 
and  a  low-water  wing-dam  should  be  built  from  the  point  of  rocks  on 
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the  left  bank  of  the  river  opposite  the  upper  boom  to  past  the  head  of 
Beef  Island.    This  would  cost  as  follows : 

Wing-dams,  3,^0  feet  long,  at  $3.25 810,627  50 

Removing  50  snags,  at  $5 250  00 

Total 10,877  50 

The  position  of  the  winged  end  of  the  Eonnd  Hill  boom,  as  shown  on 
accompanying  tracing  No.  5,  is  that  giving  the  widest  opening  between 
the  boom  and  the  left  bank  of  the  river,  and  it  can  be  so  swung  as  to 
entirely  close  the  channel. 

6,  MOUTH  OF  THE  RIVER.      (SEE  TRACING  NO.   6.) 

There  seems  to  be  but  one  way  of  improving  this  point  on  the  river, 
and  that  is  by  contracting  the  channel-way  until  the  current  of  the 
Mississippi  Eiver  is  reached,  strong  enough  to  carry  away  any  silt 
brought  down  by  the  Chippewa  River.  This  would  require  the  build- 
ing of  8,400  feet  of  wing-dams  and  jetties,  which  would  cost  $27,300. 
The  above  estimates  are  substituted  for  those  given  in  previous  report 
for  the  corresponding  items  of  cost.      ^ 

In  the  previous  report,  no  estimates  were  made  for  improving  the 
Dalles  so  as  to  permit  of  steamboat-navigation  over  them.  I  do  not 
think  that  the  commerce  on  the  river  will  ever  be  of  sufficient  impor- 
tance to  warrant  the  construction  of  the  locks  and  dams  at  the  Upper 
and  Lower  Dalles.  Before  any  well-digested  plan  for  the  improvement 
of  the  river  below  Eau  Olaire  can  be  made,  a  continuous  survey  of  the 
river  must  be  made,  and  the  experiment  of  protecting  the  steep  slopes 
of  the  high  '*  yellow  banks"  tried. 

There  are  places  on  the  river  where  even  raft-navigation  is  difficult 
during  low  water.  New  channels  are  cut  through  the  sand-bars  each 
year,  and  new  sand-bars  are  discovered  on  the  subsidence  of  every 
freshet.  I  have  no  doubt  the  works  recommended  above  at  the  head  of 
Beef  Slough  and  at  the  month  of  the  river  will  improve  the  channel 
of  the  river  at  those  points.  During  the  season  of  1875,  the  Beef 
Slough  Company  has  run  down  the  river  from  Chippewa  Falls  to  the 
head  of  Beef  Slough  about  160.000,000  feet,  board-measure,  of  loose 
logs.  These  logs  were  mostly  run  during  a  good  stage  of  water,  thus 
presenting  a  formidable  obstacle  to  steamboat-navigation,  at  a  time 
when  but  few  natural  obstructions  existed.  I  would  respectfully  request 
that  this  report  be  appended  to  my  report  of  January  30, 1875,  (printed 
in  Part  6,  H.  Ex.  Doc.  75,  second  session.  Forty-third  Congress.)  The 
field-work  was  done  by  a  party  under  the  charge  of  Max.  E.  Schmidt, 
who  showed  great  intelligence,  energy,  and  economy  in  doing  the  work 
intrusted  to  him. 

Hoping  that  this  may  meet  with  yotir  approval,  I  am, 
Very  respectfully,  your  obedient  servant, 

F.  IT.  Farquhar, 
Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  XI,  S,  A. 
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by  transferring  the  difficulty  to  another  point,  the  works  on  the  Tennes- 
see may  be  regarded  as  efficient  and  permanent. 

In  some  cases  the  works  have  failed  to  realize  all  that  was  expected 
of  them,  bat  it  is  thought  that  the  fault  was  owing  to  a  want  of  tight- 
ness in  the  dams,  and  that  it  can  be  corrected  by  using  brush  in  connec- 
tion with  stone  in  building  the  dams. 

The  dams  will  also,  in  most  cases,  gradually  become  tighter,  from  the 
natural  deposit  of  sediment  in  the  spaces  between  the  stones. 

The  entire  absence  of  ice  in  this  river  is  another  reason  why  the  dams 
may  be  considered  permanent  structures,  and  gives  additional  impor- 
tance to  these  improvements,  since  the  river  can  be  navigated  through- 
out the  year,  instead  of  being  frozen  up  for  a  considerable  portion  of  the 
time.    The  mode  of  carrying  on  this  work  is  as  follows : 

1st.  In  building  dams  the  location  is  so  selected  as  to  raise  the  water 
on  the  shoals,  and,  as  far  as  possible,  avoid  the  necessity  of  much  chan- 
nel-excavation. The  stones  are  quarried  at  the  most  convenient  points 
and  conveyed  in  flat-boats  to  the  site  of  the  proposed  dam,  where  they 
are  thrown  in,  care  being  taken  to  give  the  dam  the  proper  direction 
and  to  place  the  stones  in  as  compact  a  mass  as  possible.  Gravel  and 
small  stones  are  generally  added  to  fill  the  interstices,  and  willow-brush 
are  now  being  added  to  give  still  greater  tightness  to  the  dams.  Wil- 
low-trees have  been  planted  on  some  of  the  dams,  but  do  not  promise 
to  grow  unless  finer  materials  can  be  massed  about  the  roots,  which  it 
is  proposed  to  accomplish  by  adding  brush  to  the  dams  as  above  stated. 

2d.  Where  rock  is  to  be  excavated  from  the  channel,  the  drilling  is 
generally  done  by  hand,  the  man  who  holds  the  drill  standing  in  the 
water  and  the  strikers  standing  on  a  simple  raft  of  timber. 

The  debris  is  generally  removed  by  men  going  into  water  and  shovel- 
ing the  smaller  fragments  upon  fiat-boats,  the  larger  pieces  being  lifted 
by  derricks  placed  upon  scows,  the  whole  quantity  removed  being  after- 
ward deposited  upon  the  river-bank,  so  that  it  can  be  seen  at  any  time 
by  the  engineer  in  charge. 

The  whole  number  of  cubic  yards  of  rock  so  removed  up  to  June  30, 
1876,  was  1,553. 

The  number  of  cubic  yards  of  rock  quarried  and  placed  in  dams  was 
34,053. 

Gravel-excavation  in  the  channel  is  carried  on  in  the  same  way  as 
the  removal  of  blasted  rock.  The  whole  number  of  cubic  yards  removed 
up  to  June  30, 1876,  was  1,050. 

Since  the  removal  of  rock  and  gravel  from  the  channel  by  the  fore- 
going means  requires  extreme  low  water,  and  also  that  the  water  shall 
not  be  so  cold  as  to  prevent  the  men  from  working  in  it,  the  work- 
ing season  is  limited  to  a  very  short  interval  between  the  spring  and 
summer  floods  and  the  first  cool  weather  in  autumn,  and  as  work  has 
to  be  carried  on  at  many  places,  often  distant  from  each  other,  during 
this  interval,  it  follows  that  considerable  advantage  would  be  derived 
if  some  economical  device  could  be  employed  for  removing  rock  and 
gravel  at  times  when  the  water  is  too  high  or  too  cold  to  admit  of  work- 
ing in  the  usual  way.  A  scraper  was  made  for  this  purpose  during  the 
past  year,  to  be  worked  by  a  steamboat,  and  was  partly  tested  in  remov- 
ing a  gravel-bar,  but  a  sudden  rise  in  the  river  put  a  stop  to  its  use  for 
the  season.  The  experiment  was  apparently  successful,  and  it  is  pro- 
posed to  renew  it  during  the  present  low-water  season. 

Some  inquiries  have  also  been  made  in  regard  to  the  removal  of  rock 
by  machinery,  and,  if  any  device  is  found  worthy  of  trial,  application 
will  be  made  for  authority  to  make  the  experiment. 
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The  number  of  men  employed  on  these  works  has  raried  from  12  to 
260. 

Maney  statement 

Amount  available  July  1, 1875 |35,856  27 

Amoaat  expended  daring  fiscal  year  ending  June  30, 1876 27, 994  26 

Amount  available  July  1,  1876 7,862  01 

Amount  appropriated  by  act  approved  August  14,  1876 15, 000  00 

Amount  (estimated)  required  tor  completion  of  existing  project 75, 000  00 

Amount  that  can  be  profitably  exxiended  in  fiscal  year  ending  June  30, 1878.  35, 000  00 


P   2. 

TENNESSEE  RIVER  BELOW  CHATTANOOGA. 
I.  MUSCLE  SHOALS. 

This  improvement  consists  in  enlarging  and  repairing  the  old  canal 
which  was  built  about  40  years  ago,  and  which  had  failed  to  accomplish 
the  intended  object  of  connecting  the  upper  and  lower  Tennessee,  because 
of  difficult  shoals  both  above  and  below  the  canal,  viz,  the  Elk  Kiver 
Shoals  above  and  the  Little  Muscle  Shoals  below,  (see  map  of  Muscle 
Shoals  Canal  herewith,)  The  present  project  of  improvement  includes 
the  improvement  of  these  shoals,  as  well  as  of  the  Big  Muscle  Shoals ; 
the  latter,  however,  being  the  only  portion  of  the  work  under  way  at 
present. 

This  work  is  being  carried  on  under  five  different  contracts,  as  follows: 


Name. 


T.  Ford  &Co 

Foster,  Wiehl  St,  Jackson 

Hathew  G.  Kennedy 

Bice  &  Reid 

George  Williams 


Dec.  13, 1875 
Dec.  13, 1875 
Dec.  13, 1875 
Deo.  13, 1875 
Mar.  31, 1876 


Contract. 


Section  1,  (repair  and  enlargement. ) 

Section  8.        (do.  do.) 

Sections  3,  4,  5,  and  6. 

Section  7. 

Locks  nnmbers  3  and  4,  (to  rebuild.) 


The  first  4  of  these  contracts  cover  the  completion  of  about  8  miles  of 
canal,  exclusive  of  locks,  or  a  little  more  than  one-half  the  length  of  the 
canal.  They  were  to  be  completed  by  the  31st  of  May,  but  owing  to 
delays  from  high  water,  rains,  and  hot  weather,  they  have  all  been  ex- 
tended, and  it  is  not  probable  that  they  will  be  completed  before  the  1st 
of  December,  1876.  With  one  or  two  exceptions,  however,  work  has 
been  going  on  with  a  fair  monthly  progress,  as  shown  by  the  following 
table: 

Work  campleted  on  Muscle  Shoah  Canal  June  30, 1876. 


Contractors. 


a 
o 


> 


T.  Ford  &{)o 

Foster,  Weibl  &,  Jackson 
M.  G.  Kennedy 

Do 

Do 

Do 

Rice  4^  Beid 

George  Williams 

Do 

Total  amounts.... 


1 
9 
3 
4 

5 
6 
7 
Lock. 
3 
4 


Ou.  yds. 
69, 941 
31,500 
2,578 
9,030 
44,281 
50.679 
50,000 

1,775 
500 


253,284 


I  • 

I 


Ou,ydt. 

64,849 

12,000 

2.578 

1.224 

10, 135 

14,  6'»8 

6,000 


111,  484 


h 

O 

o 


Ou.  ydi. 
4, 4<a  4 
2,650 


450 
"26" 


7,596.4 


QQ 


Ou.  ydt. 


575 


575 


g 
«  . 

(3  9 

o 


Acres, 
43.2 
3.7 


31 
13 
11 
10 


8413-90 


2 

O 


a 


Ou.  yds. 


495 


c 


o 


197.964  72 
16,111  00 
670  98 
562  33 
8,399  39 
9,390  !^i 
10,339  96 

1,319  50 

950  00 
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The  section  of  Messrs.  Kice  &  Eeid  has  since  been  completed  and 
accepted  by  the  Government. 

Owing  to  the  amount  of  preparations  required  for  building  the  locks, 
the  contractor  had  accomplished  but  little  work  upon  them  at  the  end 
of  the  year,  as  shown  by  the  table.  He  has  since  completed  a  railroad 
track  along  the  tow-path,  some  ten  miles  in  length,  for  hauling  stone 
and  other  materials,  and  is  now  (September  19)  engaged  in  quarrying 
and  cutting  stone  for  the  locks,  having  nearly  completed  the  excavation 
of  the  lockpits- 

The  great  importance  of  this  work,  forming  as  it  does  a  connecting 
link  between  300  miles  of  navigable  waters  in  the  Upper  Tennessee  with 
the  Lower  Tennessee,  and  in  fact  with  the  Mississippi  and  all  its  tribu- 
taries, for  steamers  drawing  3  feet  of  water,  at  all  stages  of  the  river, 
commends  it  to  the  judgment  as  one  of  the  most  important  of  our  inter- 
nal improvements,  and  will,  I  hope,  secure,  if  not  a  liberal,  at  least  a 
respectable  appropriation. 

The  money  already  expended  and  the  advantages  to  commerce  can 
only  be  realized  by  completing  it  as  fast  as  the  work  can  economically 
be  done. 

There  is  every  reason  to  believe  that  the  work  can  be  completed  con- 
siderably within  the  estimated  cost,  if  prosecuted  as  it  should  be,  and 
under  the  same  conditions  it  can  be  completed  in  about  three  years  from 
the  time  adequate  appropriations  are  available. 

U.  COLBERT  SHOALS. 

Work  at  this  point  is  carried  on  by  hired  labor,  and  has  been  very 
much  delayed  on  account  of  continued  high  water.  The  nature  of  the 
improvement  is  similar  to  that  on  the  Upper  Tennessee,  and  it  is  con- 
ducted in  the  same  way. 

During  the  past  winter  and  spring  but  little  work  was  done  excepting 
looking  after  the  engineer  property  in  store,  and  preparing  boats,  tools, 
&c.,  for  active  operations. 

At  this  time,  September  19,  work  in  the  channel  is  making  some 
progress,  and  the  repairs  and  extension  of  the  dams  are  also  going  on. 

The  number  of  men  employed  has  varied  from  5  or  6  to  120. 

No  separate  appropriation  is  asked  for  this  work,  but  in  view  of  the 
fact  that  a  recent  appropriation  bill  contains  an  item  for  '^Muscle 
Shoals "  instead  of  the  usual  designation  of  "  Tennessee  Eiver  below 
Chattanooga,"  I  would  respectfully  suggest  that  Congress  be  asked  to 
adhere  to  the  original  designation,  which  will  accomplish  the  same  result 
and  greatly  simplify  our  accounts. 

Money  statement 

Amount  available  July  1,  1H75 ^499,263  73 

Amount  expended  during  fiscal  ye^r  ending  June  30,  1^6 I3'J,  327  81 

Amount  available  July  1,  1876,  including  $10,231.56  due  on  contracts.. .      359, 935  92 

Amount  appropriated  by  act  approved  August  14,  1876 255, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 3, 304, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878 .      745, 000  00 


P3. 

CUMBERLAND  RIVER. 


This  work  has  been  carried  on  by  hired  labor,  under  the  immediate 
charge  of  Captain  L.  C.  Overman,  United  States  Corps  of  Engineers,  who 
reports  as  follows : 
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The  "  workinjif  season  "  of  the  fiscal  year  ending  Jnne  30, 1876,  was  a  very  unfavor- 
able one  for  the  prosecution  of  work  as  proposed  for  the  improvement  of  Cumberland 
River. 

Th6  whole  fiscal  year,  however,  was  a  favorable  one  for  steamboating  on  said 
river,  as  the  nsnal  low- water  season  was  short,  and  frequently  interrnpted  by  sadden 
and  unusually  high  rises.  The  river,  dnring  July,  1875,  reached  a  gauge  of  27  feet  10 
inches,  and  during  September,  1875,  reached  a  gauge-reading  of  15  feet ;  a  very  unusual 
occurrence  for  the  Cumberland  River. 

**  ChanneUexcavatian,"  by  the  method  employed,  was  much  interrnpted,  and  almost  im- 
practicable during  the  whole  season.  But  13  days  suitable  for  channel-work  occurred, 
and  these  during  the  first  half  of  the  month  of  September. 

Work  was  suspended  in  December,  1875,  and  not  resnmed  till  Jnne  9, 1876,  when  the 
quarrying  of  stone  for  repair  of  dams  at  Davis  Ripple  was  commenced,  and  repair  of 
boats  begun. 

ESTIMATE  OF  WORK  ACCOMPLISHED  DURING  THE  FISCAL  TEAR. 

4, 740  cubic  yards  of  dam  constructed  in  Harpeth  Shoals. 
175  cubic  yards  of  rock  excavated  from  channel  in  Harpeth  Shoals. 
525  cubic  yards  of  dam  constructed  at  Davis  Ripple. 
300  cubic  yards  of  rock  quarried  for  dam  at  Davis  Ripple. 

CONDITION  OF  WORK  AUGUST  1,   1876. 

During  July,  1876,  the  dams  in  Harpeth  Shoals  (page  475  Report  of  Chief  ot 
Engineers  1871)  were  repaired  and  completed;  to  accomplish  which  about  1,500  cubic 
yards  of  stone  were  used,  all  taken  from  the  quarry  at  Ashland  Ferry  Landing,  and 
some  700  cubic  yards  of  stone  were  quarried  (at  new  quarry)  for  dam  at  Davis  Ripple. 

There  remain  only  about  700  cubic  yards  of  rock-excavation  from  river-bed,  in 
channel,  to  complete  the  proposed  improvement  at  Harpeth  Shoals,  which  amount  of 
excavation,  owing  to  its  being  scattered  over  some  4i  miles  of  river,  and  to  the  fre- 
quent interrnptious  incident  to  such  work,  is  estimated  will  cost  at  least  $3,500=::^ 
per  cubic  yard. 

For  Davis  Ripple  it  is  estimated  that  the  dam-work  will  cost  $2,500,  in  addition  to 
the  amount  expended  up  to  August  7, 1876,  (when  the  balance  of  appropriation  on 
hand  was  about  $10,720,  per  L.  C.  Overman's  estimate,)  and  that  the  gravel-excavation 
will  cost  about  $2,000.  The  remaining  $2,000  can  be  profitably  employed  in  the 
removal  of  gravel  bars,  snags,  <&c.,  between  Davis  Ripple  and  Clarksville,  Tenn. 

Money  statement 

Amount  available  July  1,  1875 $25,356  8*> 

Amonut  expended  during  fiscal  year  ending  June  30, 1876 12, 365  2o 

Amount  available  July  1, 1876 12,991  tU 

Amount  (estimated)  required  for  completion  of  existing  project lcJ4,  c21  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1878 75,000  0) 
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OOSTENAULA  AND  COOSAWATTEE  RIVERS. 

The  work  of  improving  these  streams  was  continued  during  the  year 
until  the  appropriation  was  nearly  exhausted. 

The  improvements  consisted  in  building  wing-dams,  blasting  rock  and 
bowlders,  and  in  removing  <ish-trapa,  sand-bars,  and  snags  from  the 
channel ;  and  was  so  nearly  completed  that  in  his  annual  report  for  the 
year  ending  June  30, 1876,  the  engineer  in  charge  aslied  for  no  addi- 
tional appropriation.  Since  that  time  a  balance  of  $7,529.99  has  been 
expended  on  the  work. 
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Money  staiement 

Amount  available  Jaly  1,1875 $7,552  05 

Amoant  expended  during  fiscal  year  ending  Jane  30, 1876 7,529  99 

Amount  available  July  1,1876 22  06 

Amount  (estimated)  required  for  completion  of  existing  project 13, 208  50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1878 13,200  00 
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examination  of  the  little  tennessee  river  from  the  chil- 
howee  mountains  to  the  georgia  line,  in  macon  county,  north 
carolina. 

United  States  Engineer  Office, 
Chattanooga,  Tenn^  February  7, 1876. 

General  :  I  have  the  honor  to  transmit  herewith  my  report  apon  the 
examination  of  the  ''  Tennessee  River  ^  (meaning  the  Little  Tennessee 
River)  *'from  the  Chilhowee  Mountains  to  the  Georgia  line,  in  Macon 
County,  ]S^orth  Carolina,"  ordered  by  act  of  Congress  approved  March 
3, 1875. 

The  act  of  Congress  directing  this  examination,  like  the  act  of  Jane 
23, 1874,  directing  an  examination  of  the  lower  part  of  the  same  river, 
designated  it  as  the  Tennessee  River,  but,  as  in  the  preceding  case,  the 
language  of  the  act  indicated  that  it  was  the  Little  Tennessee  that  was 
meant,  and  not  the  Tennessee  River  proper. 

Under  act  of  Congress  approved  June  23, 1874,  this  river  was  exam- 
ined from  its  mouth  up  to  the  Chilhowee  Mountains,  a  distance  of  25 
miles,  the  examination  terminating^  at  the  mouth  of  Citico  Creek.  The 
X>resent  examination  was  begun  where  the  last  one  terminated,  and  was 
carried  to  Rabun  Gap,  Rabun  County,  Georgia,  near  the  source  of  the 
Little  Tennessee.  Rabun  Gap  lies  5  miles  south  of  the  boundary-line 
between  IS^orth  Carolina  and  Georgia,  and  is  109  miles^  by  water,  from 
the  mouth  of  Citico  Creek,  the  point  of  beginning  of  the  examination. 
The  boundary-line  between  !North  Carolina  and  Tennessee  crosses  the 
river  24  miles  above  the  mouth  of  Citico  Creek. 

In  this  distance  of  109  miles  the  river  falls  1,480  feet,  an  average  of 
13J  feet  per  mile.  In  its  passage  through  the  Smoky  Mountains,  from 
15"to  30  miles  above  the  mouth  of  Citico  Creek,  its  width  varies  from  30 
to  150  yards,  and  its  fall  from  10  to  40  feet  per  mile.  It  is  simply  a 
mountain-torrent,  with  the  shallows,  pools,  rapids,  and  falls  which  char- 
acterize such  streams,  and  it  is  incapable  of  improvement.  There  are 
fertile  farming-lands  near  its  headwaters,  and  in  some  parts  of  its  val- 
ley ;  but  the  region  through  which  it  flows  is  a  mountainous  one  of  no 
great  agricultural  value,  though  rich  in  mineral  resources  awaiting  de- 
velopment. This  cannot  take  place  until  better  means  of  transporta- 
tion than  those  now  existing  are  obtained,  and  as  the  river  cannot  be 
made  useful  for  this  purpose,  it  is  probable  that  the  solution  of  the 
question  will  be  found  in  the  construction  of  a  railroad  through  Rabun 
Gap  and  the  valley  of  the  Little  Tennessee,  which  offer  no  very  serious 
obstructions  to  the  accomplishment  of  such  a  work.  Very  bad  mount- 
ain-roads are,  at  present,  the  only  means  of  egress  for  the  products  of 
this  region. 
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More  detailed  information  concerning  this  examination  will  be  found 
in  the  report  of  Mr.  Maurice  Kiugsley,  assistant  engineer,  which  is 
hereto  appended. 

Very  respectfully,  your  obedient  servant, 

Walter  McFarland, 

Major  of  JSn^ineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  S.  A, 


REPORT  OF  MR.  MAURICE   KINQSLEY,  ASSISTANT  ENGINEER. 

Chattanooga,  August  22,  1875. 

Major  :  I  beg  to  submit  to  you  my  report  on  the  examination  of  the  Little  Tennes- 
see River  from  the  Chilbowee  Mountains  to  the  Georgia  State  line. 

I  must  preface  this  report  by  referring  you  to  my  report  on  the  examination,  in  1S74, 
of  this  river  from  its  mouth  to  the  Chilhowee  Mountains. 

In  it  I  stated  that  I  s|w  no  good  reason  for  advising  the  improvement  of  the  river 
above  "  Howard's  old  mill,''  5  miles  below  the  Chilhowee  Mountains. 

My  examination  this  year  of  the  river  above  the  Chilhowee  Mountains  has  in  no  wise 
changed  this  opinion ;  in  fact,  it  has  rather  strengthened  it.  My  reasons  were  that 
steamboats  did,  and  could  without  danger,  get  up  to  the  month  of  Citico  Creek,  at 
the  foot  of  Chilhowee,  in  the  floods  of  winter,  which  is  the  freighting  season  for  their 
staple  product,  com  ;  and  that  producers  from  the  farms  within  5  miles  of  that  head 
of  navigation  could  either  wBgon  down  their  produce  to  that  point,  or  await  a  tide 
that  the  steamboats  could  come  up  upon,  as  that  produce  did  not  warrant  the  large 
outlay  of  improving  and  maintaining  these  5  miles  of  river. 

I  took  as  my  initial  point  the  mouth  of  Citico  Creek,  the  end  of  last  year's  survey ; 
whence  the  general  course  of  the  Little  Tennessee  River  is  southeast  to  south-south- 
east  through  the  Smoky  range,  across  the  State  line  of  Tennessee  and  North  Carolina, 
up  to  its  source  in  the  Blue  Ridge,  in  Georgia,  the  "divide"  of  the  waters  of  the  Gulf 
and  Atlantic. 

From  the  mouth  of  Citico  Creek  to  the  Harding  farm  (14  miles)  the  river  passes 
through  the  foothills  of  the  Chilhowee  and  the  Smoky  rango^  broken  ridges  and  olufls 
running  down  to  within  one-half  or  one-quarter  of  a  mile  of  the  river,  and  leaving  that 
breadth  of  fine  farming-land  on  either  side  of  it.  A  200-acre  farm  of  Judge  Bright's, 
and  the  "  Harding  farm,"  of  300  acres,  are  as  fine  fiarms  as  any  on  the  Tennessee  River. 

In  these  14  miles  there  are  three  heavy  shoals,  of  which  the  "  Stretten  Shoals " 
(3  miles  above  Citico)  form  a  sufficient  bar  to  navigation ;  but  there  is  fair  water  be- 
tween them,  the  average  fall  per  mile  being  13^  feet. 

At  the  upper  end  of  the  Harding  farm  &gins  the  Smoky  range  proper,  and  for  the 
next  15  miles,  to  "  Rocky  Point,"  the  river  plunges  through  a  deep  cation  formed  by 
the  spurs  of  Bald  Mountain  on  the  north,  and  Unakoi  Mountain  on  the  south,  over  a 
succession  of  bars  and  falls ;  the  stream  varying  from  30  to  150  yards  broad,  and  the 
fall  from  10  to  40  feet  per  mUe.  Of  this,  the  worst  part  is  the  Narrows,  just  above  the 
Harding  farm,  where  for  3  miles  the  stream  only  averages  40  yards  across,  between 
perpendicular  walls  of  rock,  and  the  fall  is  over  30  feet  per  mile. 

From  Rocky  Point  to  the  Forks  of  ''  Little  Tennessee  "  (23  miles)  the  spurs  dwindle 
down  gradually,  the  river  becomes  broader,  and  the  fall  drops  to  15  feet  per  mile. 
Civilization  also  re-appears  and  increases  as  one  goes  up  the  river. 

The  Tuckasuge  River,  which  loins  the  Little  Tennessee  at  the  Forks,  brings  about 
the  same  volume  of  water  from  the  northern  counties  that  the  Little  Tennessee  brings 
from  the  southern,  and  from  this  point  upland  and  river  farms  increase  steadily  in  size 
and  worth. 

On  Little  Tennessee  the  country  grows  more  open  and  prosperous  for  36  miles,  np  to 
Franklin,  a  town  of  two  hundred  and  fifty  inhabitants,  around  which  there  is  a  broken 
plateau  of  fine  feurming  country.  The  fall  of  the  river  for  this  36  miles  averages  13t 
leet  per  mile. 

This  upland  farming  country  continues  up  to  the  Geor^a  State  line,  14  miles  above 
Franklin,  and  thence  5  miles  beyond,  to  Rabun  Gap,  in  the  Blue  Ridge,  the  actual  water- 
shed. 

The  whole  distance  from  Citico  to  Rabun  Gap  is  109  miles,  over  which  the  river  has 
an  average  fall  of  13^  feet  per  mile.  The  character  of  the  river-bed  from  Citico  to 
Franklin  is  virtually  uniform ;  broad,  flat  layers  of  micaceous  shales,  granites,  slates, 
&c.,  forming  a  succession  of  small  falls  of  from  1  inch  to  1  foot  in  height,  while  here 
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and  there  a  shoal  of  heavy  broken  bowlders,  fallen  from  the  cliffs  above,  makes  a  sud- 
den shoot  of  water  in  a  narrow  place  that  no  boat  could  steer  in  going  down  stream  or 
warp  herself  up  against  in  going  np. 

From  Franklin  to  the  State  line  the  bottom  of  the  river  is  composed  of  sand. 

The  rise  of  this  year's  flood,  only  exceeded  by  that  of  1843,  was,  I  was  told,  16  feet ; 
bat  I  saw  some  places  where  it  had  risen  from  22  to  25  feet. 

In  going  up  to  Franklin  the  water  was  at  its  lowest  stage,  but  on  coming  back  the 
rains  had  swollen  it  to  a  4-foot  tide,  when,  if  possible,  the  chances  of  navigation  looked 
-worse  than  in  low  water. 

The  following  is  a  table  of  elevations  and  distances.  The  elevations  are  obtained 
by  barometer,  and,  as  compared  with  those  of  Professor  Gnyot,  are  too  high.  This  I 
account  for  by  the  heavy  and  disturbed  state  of  the  atmosphere  during  the  examina- 
tion. 


Place. 


Month  of  Citioo  Creek 

Harding  farm 

State  line,  (Tenneaaee  and  North  Carolina) . . 

Kooky  Point 

Calhoun's 

Porks  of  Tennessee 

Alaskee  Creek 

Nantahele  Creek 

Franklin  Ford 

Franklin,  (one-half  mile  sonth  of  the  rirer) . , 
State  line,  (Georgia  and  North  Carolina) . . . . , 
Babon  Gap 


Average  fall  per  mile . 


i 
I 


0 
14 
84 
29 
43 
53 
50 
6S 
83i 
88 
104 
109 


Altitude. 


Kingsley. 


FeeL 

801 

936 

1,324 

1,306 

1,513 


1,745 


2,055 
8,350 
3,340 
3,281 


Gnyot 


FeeL 


880 
1,168 


1,980 
'i'lfe' 


Fall  per 
mile. 


Feet. 


9¥ 

16i 
15 


14 
13 


Of 
10 


13i 


It  is  with  regret  that  I  report  so  adversely  on  the  possibility  of  improving  this  rivev 
for  navigation,  as  the  country  around  it,  from  the  Forks  of  Little  Tennessee  to  Rabun 
Gap,  is  especially  rich  in  mineral  wealth,  with  no  possible  means  of  getting:  its  prod- 
ucts to  market  except  by  wagoning  them  for  75  miles  over  "  impossible''  roads,  either 
to  the  Tennessee  Valley  or  the  State  Railroad  of  Georgia. 

As  this  is  the  only  primitive  formation  soatheast  of  the  Rocky  Mountains,  and  as  its- 
mineral  wealth  is  very  varied,  it  is  of  very  great  importance  that  it  should  be  opened 
up  Its  beds  of  ''  mica,"  both  for  size  and  quality,  are  equaled  by  none  I  have  ever 
seen.  Asbestos  is  found  in  large  quantities.  Agalmadalite,  (soapstone,)  for  furnaces, 
tailors'  chalk,  &o.  Corundum  of  various  kinds,  sapphires,  garnets,  rubies,  beryl,  and 
many  other  precious  stones,  including  diamonds,  as  I  saw  one  worth  $4()0  that  was 
panned  out  tnere  by  some  one  washing  for  gold.  Silicon  for  glass-making.  Chlorite 
and  albite.  Pymolite  and  ghentite.  The  ores  of  "nickel."  Plumbago,  graphite,  and 
lead  ores.  Blue,  green,  and  yellow  copper-ores,  and  native  copper.  Fairly  good  silver- 
rock.  Gold-rock  and  various  gold-deposits.  Magnetic  and  specular  iron-ores  of  pecu- 
liar richness.  Brown  hematite  iron-ore,  manganese  and  chrome  ores.  Water-power 
unlimited,  with  untouched  forests  of  oak,  blac^  walnut,  ash,  hickory,  pine,  maple,  and 
poplar  in  closest  proximity.  And  last,  but  not  least,  marbles,  the  true  slate-marbles, 
of  which  there  are  nine  shades,  taking  a  polish  that  no  limestone-marble  can  equal.  I 
saw  specimens,  polished  for  the  Smithsonian  Institute  to  send  to  the  Centennial,  of 
the  following  colors :  pure  white,  black,  black  with  pure  white  streaks,  black  finely 
mottled  with  dark  gray,  flesh  color,  flesh  color  with  mauve  veins  and  green  veins,  and 
gray.  I  consider  the  marble,  mica,  and  iron-ores  most  valuable  to  this  section  of  the 
country ;  the  iron-ores  especially  so,  as  among  them  there  are  steel-making  ores. 

The  farm-products  of  the  country  adjacent  to  these  minerals  are  considerable.  Hay- 
wood and  Macon  Counties  last  year  thrashed  about  280.000  bushels  of  wheat,  and  raised 
from  five  to  six  times  that  amount  of  com.  Their  apple-crop  is  immense.  About  5,000 
head  of  fat  cattle  are  sent  into  Georgia  annually.  Their  tooacco-orop  is  sufficient  for 
the  home  consumption,  and  grapes  are  now  being  raised  with  good  success. 

From  this  short  rSsum^j  it  will  be  seen  that  the  husbandries  would  support  a  large 
mining  population,  could  its  mineral  wealth  be  exported.  "^ 

Various  railroad  projects  from  the  southeast  have  been  started,  centering  on  Rabun. 
Gap,  and  one  is  running  to  within  30  miles  of  it ;  but  they  are  all  too  poor  to  go  on  at 
present,  as  also  is  one  S-om  Knoxville,  Tenn.,  to  Anderson,  S.  C. 

Rabun  Gap  is  the  lowest  practicable  one  through  these  mountains,  with  good  grades* 
up  to  it  from  the  Tennessee  side,  and  fair  grades  down  into  South  Carolina. 
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I  give  these  items,  as  I  have  no  hesitation  in  saying  that  this  country  must  eveutn- 
ally  be  opened  up  by  rail,  and  not  by  river.    Meanwhile  a  mineral  \Yealth,  of  untold 
value  to  the  neighboring  States,  must  lie  idle. 
I  remain,  yours  respectfully, 

Maurice  Kingsley. 
Moj.  Walter  McFarland, 

Coiya  of  Engineers f  U.  S.  A. 


P  6. 

examination  of  "french  broad  river  from  the  henderson 
county  linte  to  its  junction  with  the  holston,  tennessee." 

United  States  Engineer  Office, 
Chattanooga^  Tenn.^  February  7,  1876. 

General  :  I  have  the  honor  to  transmit  herewith  my  report  upon  the 
examination  of  the  ^'  French  Broad  Biver  from  the  Henderson  Ooanty 
line  to  its  junction  with  the  Holston,  Tennessee,'^  which  includes  the  ex- 
amination of  the  '<  French  Broad  Biver  from  the  Holston  to  Leadvale, 
Tennessee,"  both  examinations  being  ordered  by  act  of  Congress  ap- 
proved March  3, 1875. 

The  part  of  the  French  Broad  Biver  described  in  this  title  includes 
the  part  lying  between  the  Holston  Biver  and  Leadvale,  an  examination 
of  which  is  ordered  by  a  separate  clause  of  the  same  act.  An  exami- 
nation of  this  same  part  of  the  French  Broad  Biver  was  made  under  act 
of  Congress  approved  July  11, 1870,  and  the  report  upon  it  is  to  be 
found  in  the  Beport  of  the  Chief  of  Engineers  for  1871,  beginning  at 
page  491. 

This  examination  is  in  continuation  of  the  examination  of  the  ^^  French 
Broad  Biver  from  Brevard,  N.  C,  to  the  Buncombe  County  line,"  ordered 
by  act  of  Congress  approved  June  23, 1874,  the  report  of  which  is  to  be 
found  in  the  Annual  Beport  of  the  Chief  of  Engineers  for  1875,  part  1, 
beginning  at  page  817.  The  line  designated  in  the  one  act  as  tbe 
"Buncombe  County  line,"  and  in  the  other  as  the  " Henderson  County 
line,"  is  the  dividing-line  of  Buncombe  and  Henderson  Counties,  North 
Carolina,  and  crosses  the  French  Broad  at  a  point  39  miles  below  Bre- 
vard, and  about  180  miles  above  its  junction  with  the  Holston  Biver. 

This  whole  distance  of  about  220  miles  is  naturally  divided  by  its 
topographical  features  into  three  sections. 

1st.  The  upper  section,  from  Brevard  to  Asheville,  a  distance  of  55 
miles,  with  moderate  fall : 


Brevard  to  county-line . . . 
Coantv-line  to  Asheville. 


Distance. 

Total  fall. 

MilM. 

38.84 
1(^.42 

Feet 
46.58 
70.93 

55.86 

117.51 

Fall  per 
mile. 


Feet 

1.30 
4.32 

Tia 


2d.  The  middle  section,  from  Asheville  to  Leadvale,  a  distance  of  74 
miles,  in  which  the  river  breaks  through  the  Unaka  or  Smoky  Moun- 
tains; the  fall  varying  from  2^  feet  per  mile  to  26  feet  per  mile;  the 
total  fall  being  929  feet 
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Asbevllle  (Seniltea'  Bridge)  to  Brush  Cre«lc 

Brush  Creek  to  Warm  Springs 

Warm  Sprinjrs  to  Newport 

Newport  to  Leadvale 

Total 


Distance. 

Total  faU. 

MUeg. 

29.3 
7.7 

31.0 
'    6.0 

Feet. 

450 

SOI 

263 

15 

74 

929 

Fall  per 
mile. 


FeeL 

15.46 

S6.10 

aso 

3.50 
12.55 


3(1.  The  lower  section,  from  Leadvale  to  the  moath  of  the  French 
Broad,  a  distance  of  about  90  miles,  with  a  probable  average  fall  of  1 
foot  to  a  mile. 

The  upper  and  lower  sections  may  be  improved  for  navigation  by  the 
construction  of  wing-dams,  the  deepening  of  channels  over  bars  and 
ledges,  and  the  removal  of  drift,  overhanging  trees,  &c. 

The  middle  section  can  be  fitted  for  navigation  only  by  the  construc- 
tion of  locks  and  dams. 

ESTIMATE. 

The  estimated  cost  of  improving  that  part  of  the  upper  section  which  extends  from 
the  Buncombe  and  Henderson  County  line  to  Asheyille,  as  given  by  Assistant  Engineer 
McCalla,  whose  report  is  transmitted  herewith,  is,  omitting  contingencies..  |59  790  00 
The  scattered  character  of  the  work  would,  however,  raise  the  cost  of  rock- 
excavation  to  not  less  than  |4  per  cubic  yard,  which  would  increase  the 
estimate 7,000  00 

66,790  00 
Adding  25  percent. fur  superintendence  and  contingencies 16,697  50 

83, 487  50 
Estimated  cost  for  improving  the  part  between  Brevard  and  the  Buncombe 
and  Henderson  County  line,  as  given  in  the  last  Annual  Report  of  the 
Chief  of  Engineers 41,600  00 

Total  for  upper  section 125, 000  00 

for  making  a  channel  30  inches  deep  at  low-water. 

!N"o  estimate  has  been  made  for  the  improvement  of  the  middle  sec- 
tion, as  it  cannot  be  rendered  navigable  without  the  use  of  locks  and 
dams ;  the  total  fall  being  929  feet  in  a  distance  of  74  miles,  for  the 
passage  of  which  more  than  150  locks  of  6  feet  lift  would  be  required. 
To  make  a  proper  estimate  of  the  cost  of  such  an  improvement,  a  de- 
tailed survey  of  this  section  would  have  to  be  made,  at  a  heavy  expend- 
iture, for  which  there  seems  to  be  no  justification  ui  the  present  or  the 
probable  near  future  wants  of  this  region. 

The  estimated  cost  of  the  improvement  of  the  lower  section,  so  as  to 
permit  the  passage  during  the  season  of  low- water  of  vessels  drawing 
2^  feet,  as  given  in  the  Eeport  of  the  Chief  of  Engineers  for  1871,  before 
referred  to,  is  $150,000. 

By  the  census  of  1870,  the  total  population  of  the  counties  through 
which  the  French  Broad  Eiver  flows,  namely,  Transylvania,  Henderson, 
Buncombe,  and  Madison,  in  North  Carolina,  and  Cocke,  Jefferson,  and 
Sevi/er,  in  Tennessee,  was  found  to  be  not  quite  78,000.  Knox  County, 
Tennessee,  in  which  the  city  of  Knoxville  lies,  is  not  included  in  this 
enumeration,  as  it  is  entered  by  the  French  Broad  only  6  or  8  miles  in 
an  air-line  from  its  mouth. 

Of  these  counties,  Transylvania,  Henderson,  Madison,  and  about  one- 
half  of  Buncombe,  with  a  population  of  27,000,  might  be  benefited  by 
the  improvement  of  the  upper  section.  As  the  middle  section,  how- 
ever, is  impassable,  and  as  no  railroad  has  yet  reached  Asheville  at  the 
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foot  of  the  upper  section,  such  an  improvement  would  be  of  little  value, 
and  there  appears  to  be  no  good  reason  why  it  should  be  undertaken. 

The  population  of  the  counties  lying  along  the  middle  section,  namely, 
one-half  of  Buncombe  and  Madison,  in  !N'orth  Carolina,  and  Cocke  and 
one-half  of  Jefferson,  in  Tennessee,  runs  up  to  nearly  30,000. 

The  improvement  of  the  lower  section  would  benefit  about  one-half 
of  Jefferson  and  Sevier  Counties,  population  over  twenty  thousaud, 
and  the  small  part  of  Knox  County  which  lies  between  Sevier  and  the 
mouth  of  the  French  Broad. 

The  entire  river  runs  through  a  mountain  region,  with  fertile  though 
narrow  valleys  along  its  upper  and  lower  sections.  This  mountain 
region  abounds  in  undeveloped  mineral  wealth,  which  in  the  future  may 
require  the  improvement  of  this  river  and  of  some  of  its  large  branches. 
At  present,  neither  the  amount  nor  the  value  of  the  products  of  the 
region  under  discussion  would  seem  to  justify  any  attempt  at  the  im- 
provement of  its  low-water  navigation. 

Further  information  in  relation  to  this  subject  will  be  found  in  the 
report  of  Mr.  H.  C.  McCalla,  which  is  sent  herewith,  and  in  the  Reports 
of  the  Chief  of  Engineers,  for  1871,  page  491,  and  for  1875,  part  1^ 
page  817. 

Very- respectfully,  your  obedient  servant, 

Walter  McFarland, 

Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Ungineersy  U.  8.  A, 


REPORT  OF  R.  C.  M'CALLA,  ASSISTANT  ENGINEER. 

Chattanooga,  Tenn.,  Sepumber  1, 1875. 

Sir  :  I  have  the  honor  to  submit  the  following;  report  on  the  examination  of  the 
French  Broad  Kiver,  from  the  Henderson  County  line  in  North  Carolina  to  Lead  vale, 
Tenn.,  made  in  accordance  with  your  instructions  of  July  16,  1875. 

The  French  Broad  (Tah-kee-ostee  of  the  Cherokees,  which  means  Racing-water)  is 
one  of  the  largest  tributaries  of  the  Tennessee,  draining  the  western  slope  of  the  Blae 
Ridge  from  the  Yellow  Mountain,  in  Watauga  County  on  the  northeast,  to  the  Balsam 
Mountains  in  the  west,  embracing  that  territory  in  North  Carolina  comprising  the 
counties  of  Buncombe,  Yancey,  Madison,  Henderson,  Transylvania,  and  Haywood  ;  and 
in  Tennessee  of  Cocke,  Greene,  Jefferson,  and  Sevier  Counties.  Its  principal  source  is 
in  the  Blue  Ridge,  in  Transylvania  County,  opposite  to  the  main  source  of  the  Salada 
River  in  South  Carolina.  Its  great  tributaries  are  the  Big  Pigeon  and  Nolichncky,  the 
former  entering  the  French  Broad  4  miles,  and  the  latter  I  mile  above  Leadville,  a 
station  on  the  Cincinnati,  Cumberland  Gap  and  Charleston  Railroad,  at  the  crossing 
of  the  French  Broad,  12  miles  south  of  Morristown,  the  county-site  of  Hamblen,  situ- 
ated on  the  East  Tennessee  and  Virginia  Railroad,  42  miles  east  of  KnoxviUe. 

From  the  Henderson  County  line  to  Asheville,  the  examination  was  made  by  chain- 
ing, leveling,  and  sounding  the  river  and  noting  carefully  all  obstructions ;  while  from 
AsheviUe  to  Leadvale  the  observations  were  conducted  from  within  a  canoe,  and  the 
distances  and  levels  obtained  by  reference  to  the  reports  of  railroad  surveys,  except 
from  Newport  to  Leadvale,  which  are  estimated. 

The  accompanying  table  gives  all  the  information  obtained  in  detail  aud  the  estimate 
for  an  improvement  from  the  Henderson  County  line  to  Asheville,  secnripg  30  inches 
extreme  low  water  for  the  movement  of  small  steamers. 

The  plan  proposed  is  a  system  of  rubble  wing-dams,  introduced  to  contract  the  water- 
way where  necesssary,  so  as  to  obtain  the  requisite  depth  of  water. 

Occasionally  a  bar  or  ledge  can  be  removed  cheapest  by  excavating  a  passage, 
whether  it  be  composed  of  rock  or  gravel.  In  the  construction  of  dams,  the  boat- 
channel  is  to  be  cleared  of  all  loose  rock  and  bowlders,  which  should  be  utilized  in  the 
construction  of  the  dams. 

The  dams  to  be  located  and  constructed  so  as  to  obtain  the  greatest  effect  at  the 
least  cost.  At  several  points  the  plan  of  the  dam  is  that  of  a  wing  at  head  of  shoal, 
thrown  diagonally  down  stream  for  about  two-thirds  the  distance  across,  and  thence 
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a  tail-dam  to  the  foot  of  shoal,  and  parallel  (or  approximately  so)  to  the  natural  mar- 
gin of  the  river,  on  the  boat-channel  side.  At  other  points  wing-dams  only,  placed  at 
proper  intervals  apart,  will  best  accomplish  the  objects  sought ;  and  again  in  places 
the  removal  of  loose  rock  alone  will  provide  a  sufficient  depth  of  water. 

By  reference  to  the  table  it  will  be  seen  that  the  principal  obstructions  are  Long 
Shoals,  the  shoal  near  Rice's,  shoal  below  Rice's,  Hunter's  Island  Shoal,  Shut- in  Shoal, 
beginning  at  Foster  Johnson's,  and  the  shoal  at  Patton's  old  bridge-site.  Long  Shoals 
and  Patton's  Bridge  are  the  most  objectionable,  and  at  these  points  in  the  upward  pas- 
sage warping,  doubtless,  will  have  to  be  resorted  to.  The  first  incline  of  Long  Shoals 
fans  3.93  feet  in  633^  vards.  The  second  incline  fVills  6.67  feet  in  958^  yards.  Par.ton's 
Bridge  Shoal  falls  6.63  feet  in  880  yards.  The  fall  from  the  Head  Ripple  of  Long  Shoals 
to  Mrs.  Norcock's  is  43.4  feet  in  7.43  miles,  or  an  average  nearly  of  6  feet  per  mile. 

The  distance  from  the  Henderson  County  line  to  Smith's  Bridge,  opposite  Asheville, 
is  16.42  miles,  with  a  fall  of  71  feet,  or  4^  feet  per  mile  nearly,  the  cost  for  improving 
which,  upon  the  plan  suggested,  is  shown  in  the  following  estimate: 

4,250  cubic  yards  gravel  and  loose-rock  excavation,  at  $1.50  per  cubic  yard. ..  $6, 375 

3,350  cubic  yards  loose-rock  excavation,  at  S2>50  per  cubic  yard 8, 375 

1,500  cubic  yards  solid  and  bowlder  rock  excavation,  at  $3.50  per  cubic  yard..  5, 250 

1 4, 316  cubic  yards  rubble  wing-dams,  at  f2.50  per  cubic  yard 35, 790 

Removing  dnft  from  channels 1,250 

Removing  timber  from  banks 1,250 

Cost  from  Tennent's  Bridge  to  Swannanoa  River 1,500 

59,790 
Engineering  and  contingencies 12,000 

Total  cost  from  Henderson  County  line  to  Asheville 71, 790 

Add  estimate  from  Brevard  to  Buncombe  County  line 29, 687 

Total  coat  from  Brevard  to  Asheville  =  55.26  miles 101,477 

The  details  of  the  estimate  for  improving  the  French  Broad,  from  Brevard  to  the 
Buncombe  County  line,  will  be  found  in  the  report  on*  the  same,  of  date  February  15, 
1875,  together  with  a  full  description  of  the  country  and  its  resources,  present  and 
prospective,  to  which  you  are  respectfully  referred  for  all  the  information  therein  con- 
tained touching  the  proposed  improvement  of  the  Upper  French  Broad. 

The  French  Broad  River  is  naturally  divided  into  three  divisions,  each  with  charac- 
teristics peculiar  to  itself.  I  would  suggest  Upper,  Middle,  and  Lower  as  suitable 
names  for  the  different  divisions. 

The  upper  division  extends  from  its  main  source  in  the  Blue  Ridge,  in  Transylvania 
County,  to  Asheville,  in  Buncombe  County.  Its  general  course  is  very  direct,  bearing 
a  little  east  of  due  north,  and  slowly  diverging  from  a  line  parallel  to  the  crest  of  the 
Blue  Ridge.  The  country  drained  by  this  division  falls  gently,  indeed  almost  imper- 
ceptibly, from  this  great  mountain  range.  The  small  streams,  even  to  the  very  base 
of  the  mountain,  are  low  and  marshy,  reminding  the  observer  of  the  low  lands  on  the 
caast.  Hence  the  little  fall  on  most  of  this  division,  and  the  ease  with  which  it  may 
be  improved  for  the  passage  of  small  steamers  carrying  from  fifty  to  one  hundred  tons 
harden. 

Fifty-five  miles  of  this  division,  from  Brevard  to  Asheville,  are  available  for  navi- 
gation, at  a  cost  not  exceeding  the  estimate,  and  the  system  proposed  will  better  sub- 
serve the  development  of  the  agricultural  and  other  interests  of  the  country  contiguous 
than  a  railroad,  and  for  about  one-seventh  the  cost. 

However,  the  necessity  for  such  an  improvement  must  follow  the  completion  of  one 
or  more  railway  lines  to  Asheville.  This,  doubtless,  will  be  an  jvccomplished  fact  at  an 
early  day,  as  one  or  more  companies  are  now  energetically  engaged,  even  in  these  times 
of  general  depression,  in  pushing  forward  their  lines. 

Ii  is  proper  and  necessary  to  state  also  that  this  work,  if  embarked  in,  will  subserve 
local  interests  almost  exclusively,  as  the  navigation  of  the  Upper  must  be  disconnected 
with  that  of  the  Lower  French  Broad  for  many  years  to  come,  except  such  connection 
as  shall  be  afforded  by  the  proposed  (and  partially  built)  railroad  from  Morristown  to 
Asheville. 

The  middle  division,  extending  from  Asheville  to  Leadvale,  in  Jefferson  County,  East 
Tennessee,  74  miles  in  length,  flows  in  a  direction  northwest,  cutting  through  the  entire 
range  of  the  Iron  or  Great  Smoky  Mountains.  In  the  passage  of  so  large  a  river 
through  a  range  of  country  with  such  topographical  features,  the  engineer  would 
naturally  expect  to  find  a  succession  of  shoals,  rapids,  and  cascades,  if  not  an  occasional 
cataract.  In  this  he  would  not  be  disappointed  here,  for  snch  are  the  chief  character- 
istics of  the  middle  division  of  the  French  Broad,  without  the  cataract  feature,  how- 
ever. 

Tbe  passage  down  this  division  was  made  in  a  canoe,  manned  by  two  men,  except 
46  E 
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from  near  the  mouth  of  Brash  Creek  to  near  the  Warm  Springs,  over  which  the  canoe 
had  to  be  transported  by  wagon. 

From  Asheyille  to  Newport,  a  distance  of  68  miles,  the  river  is  closely  monntain- 
bonnd,  abounding  in  vertical  clifis,  bold  projections,  steep  monntain-slopes,  pictur- 
esque islands,  and  a  number  of  small  lateral  streams,  lined  with  laurel,  white  pine, 
hemlock,  &.C.,  full  of.  shoals,  and  rapids,  and  cascades,  which  serve  to  conduct  the 
drainage  from  the  adjacent  mountain  lands  into  the  main  channel.  At  intervals, 
more  or  le§B  remote,  the  precipitous  slopes  stand  back,  and  a  narrow  belt  of  bottom 
intervenes  to  minister  to  the  necessities  of  the  small  farmer,  and  with  the  wild  game 
which  abounds,  such  as  the  deer  and  the  bear,  and  numerous  smaller  animals,  enables 
him  to  work  out,  seemingly,  a  comfortable  living.  Such  is  a  fair  picture  of  this  part 
of  the  French  Broad  as  viewed  by  the  impartial  observer.  At  General  Vance's,  Alfred 
Alexander's,  and  Warm  Springs,  good  farms  are  found,  producing  the  various  farm  and 
garden  products  bountifully. 

From  Paint  Bock  to  Leadvale,  a  distance  of  31  miles,  the  fall  of  the  river  is  lees  ab- 
rupt, the  valley  gradually  opens,  and  good  bottom-lands  are  found  in  considerable 
bodies,  in  a  fair  state  of  development.  The  rolling  or  mountainous  lands  on  either 
side  ot  the  French  Broad  from  Asheville  to  Paint  Bock,  back  from  the  river,  are  repre- 
sented as  fair  farming-lands,  producing  corn,  wheat,  rye,  and  tobacco  of  good  quality. 
For  fruit  (particularly  the  apple  and  grape)  and  ffrass  culture  they  are  peculiarly  well 
adapted,  and  on  many  of  the  small  tributaries  of  uie  river  tine  farming-valleys  are  said 
to  be  in  a  good  state  of  cultivation. 

The  French  Broad  and  its  great  and  small  tributaries,  cutting  through  and  rising  in 
the  Iron  or  Great  Smoky  Mountain  range,  naturally  come  in  contact  with  thousands 
of  acres  of  as  fine  iron-ores  and  other  minerals  as  can  be  found,  perhaps,  in  any  similar 
extent  of  country  in  the  United  States. 

These  are  penetrated  by  the  Nolichucky  and  Big  Pigeon  Bivers  but  a  short  distance 
above  their  mouths,  and  bv  the  French  Broad  from  Newport  upward  for  some  distance 
in  the  direction  of  Asheville.  When  the  necessity  arises,  it  will  not  be  difficult  or  ex- 
pensive to  prepare  these  rivers  for  a  safe  downward  flat-boat  or  barge  transportation 
DTom  the  iron  deposits  to  Leadvale,  and  thence  onward  to  Enoxville,  there  to  be  util- 
ized in  the  development  of  the  varied  and  constantly-increasing  mechanical  and  indus- 
trial arts. 

The  table  accompanying  this  report  gives  the  distances,  and  fall  and  rate  of  fall  in 
feet  per  mile,  of  the  French  Broad  from  Asheville  to  Leadvale. 

It  will  be  observed  that  the  distance  is  74  miles,  with  a  fall  of  929  feet,  or  an  average 
fall  of  J  2.55  feet  per  mile.  The  greatest  fall  per  mile  is  on  the  7.7  miles  from  Brush 
Creek  to  Warm  Springs,  where  the  average  is  26.10  feet  per  mile.  The  least  fail  is  from 
Newport  to  Leadvale,  the  average  of  which  for  6  miles  is  only  2.5  feet  per  mile. 

It  is  proper  to  state  that  a  slackwater  improvement  is  the  only  feasible  one  for  this 
portion  of  the  river,  the  dams  of  which  would  average  about  600  feet  in  length,  entered 
by  a  system  of  locks,  which  would  have  to  overcome  an  elevation  of  929  feet  vertic^. 
Such  an  improvement,  on  a  river  with  resources  so  limited  and  undeveloped,  with  a 
railroad  located  upon  its  immediate  bank  and  partially  constructed,  and  which 
doubtless  will  be  completed  at  an  early  day,  is  not,  in  my  judgment,  to  be  seriously 
contemplated ;  hence  I  have  deemed  it  wholly  unnecessary  to  prepare  an  estimate  ot 
its  probable  cost.  Neither  do  I  consider  it  necessary,  at  present,  to  make  any  further 
examinations  or  surveys  of  this  division  of  the  river. 

Your  order  before  referred  to  reauired  me  to  "examine  the  French  Broad  Biver  from 
the  Henderson  Countv  line  to  its  junction  with  the  Holston,"  which  is  about  6  miles 
east  of  Knoxville.  The  fund  available  having  been  exhausted  before  I  reached  Lead- 
vale, induced  me  to  close  without  an  '*  examination "  of  the  Lower  French  Broad 
division. 

In  conclusion,  it  affords  me  pleasure  to  testify  to  the  valuable  services  rendered 
during  the  progress  of  this  work  bv  Messrs.  J.  L.  Neal,  James  M.  Mclntire,  and  S.  L. 
McCalla.  The  latter  two  handled  the  canoe  skillfully  and  fearlessly  through  the  long 
and  dangerous  descent  of  the  rapids,  thereby  contributing  largely  to  the  success  of  the 
expedition. 
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Ezamifiation  of  the  French  Broad  River y  from  the  Henderson  County  K«c,  in  North  Carolina, 

to  Leadvale,  Tennessee, 


Karnes  of  shoals  and  places. 


Head  of  Book  Shoal 

Foot  of  Buck  Shoal 

Heuderson  County  line 

Avery's  Creek 

Kipple  at  Horse  Ford 

Head  Ripple  of  Long  Shoal 

Head,  first  plane  of  Long  Shoal. 

Foot,  plane  of  Long  Shoal 

Head,  second    plane    and  at 

month  of  Shoal  Greek,  Long 

ShoaL 
Foot,  second  plane  of  Long 

Shoal. 
Head  of  shoal,  500  yards  below 

foot  of  Long  Shoal. 
Rice's  Spring  Branch 

Head  of  shoal,  below  Rice's 

Foot  of  shoal,  below  Rice's 

Head  of  shoal,  at  Hunter's  Isl> 
and. 

Foot  of  shoal,  at  Honter's  Isl- 
and. 

Head  of  shoal,  at  Rli  Glenn's. .. 

Foot  of  shoal,  at  Eli  Glenn's 

Shut  in 

BentCreek 

Beginning  of  shoaly  water,  at 

Foster  Johnson's. 
Shoaly  water  ends 

Head,  Taylor's  Ford  Shoal 

Foot,  Taylor's  Ford  Shoal 

Mrs.  Norcock's 

Jolins  Alexander's,  bridge-site. 

Head  of  shoal,  Patton's  Bridge. 

Foot  of  shoal,  Patton's  Bridge. . 

Tennent's  Bridge 

Head  of  shoal,  Tennent's  Fish- 
trap. 

Foot  of  shoal,  Tennent's  Fish- 
trap. 

Head  of  shoal,  Patton's  Fish- 

trap. 
Foot  of  shoal,  Patton's  Fish- 

trap. 

Swannanoa  Rirer 

Smith's  Bridge,  opposite  Ashe- 

viUe. 

Total 


3g 
S  «  • 

III 


i 


0.6Q 
0.45 
0.00 
0.57 
0.66 

1.60 
1.74 

8.10 

s.Ta 


3.28 

a56 

4.00 

4.21 

4.38 

4.92 

4.92 

5.51 

5.51 

6.04 

6.21 
6.33 

7.46 

7.71 

7.92 

aoo 

9.00 
10.67 
11.17 
12.38 
13.14 
13.14 

13.98 

13.98 

14.76 
16.43 


16.42 


IS 

£^ 
•"A 


2, 059. 79 
2, 057. 45 
2,0.')6.30 


2,055.21 

2, 055.*  16 
2,054.19 

2,050.26 

2, 04a  53 

2,041.86 
2,040.99 
2,037.47 
2,036.55 
2,033.31 
2,033.31 
2,030.58 
2,029.96 
2,087.84 
2,023.55 


2,032.80 
2, 015. 12 
2,014.42 
2,  OIL  82 


2,009.51 
2,005.39 
1,99a  76 
1.996.57 
1, 994. 94 
1.993.97 

1,998.54 

1, 991. 79 

1, 991. 00 
1,985.37 


o  ® 

«  «l  CS  t>;| 


3661 
800 
1.000 
166i 

1,650 
250 

633| 

l,108i 

9581 

500 

7661 

366i 

300 

600 

600 

566| 

300 

8661 

300 
200 

1.988i 

440 

3661 

300 

1,760 

8,781 

880 

2,129 

1,337 

1,337 

1,478 

1,478 

1,373 
2,931 


15 

11 

.■^   S   in 


2.34 
1.15 


1.09 

0.05 
0.97 

a  93 

1.73 

6.67 
0.87 

a52 

0.92 

a24 

0.00 
2.73 
0.62 
2.12 
4.29 


0.75 
7.68 
0.70 
8.60 


2.31 
4.13 
a63 
2.19 
1.63 
0.97 

t43 

0.75 

0.79 
a63 


70.93 


Remarks. 


150  feet  long ;  gravel-excavations 
375  cubic  yards. 

750  feet  long;  gravel  and  loose 
rock  =  1,850  cubic  yards. 

1,900  feet  long ;  loose  rock  wing* 
dam  =  2.000  cubic  yards. 

3,335  feet  long ;  loose  rock  in  chan- 
nel =  500  cubic  yards. 

2,875  feet  long  ;  loose  rook  wing- 
dam  =  8,825  cubic  yards. 

1,500  feet  long ;  loose  rock  in  chan- 
nel =  200  cubic  yards. 

2,300  feet  long;  loose  rook  in  chan- 
nel =  1,150  cubic  yards. 

1,100  feet  long ;  channel  of  suffi- 
cient depth. 

900  feet  long;  loose  rook  wing- 
dam  =  l,06o  cubic  yards. 

1,800  feet  long ;  channel  of  suffi- 
cient depth. 

l,80u  feet  long;  solid  ledges  and 
bowlder  rook  =  1.000  cubic  yds. 

1,700  feet  long;  channel  of  suffi- 
cient depth. 

900  feet  long;  solid  ledges  and 
bowlders  =  500  cubic  yards. 

8,600  feet  long;  loose  rock  wing- 
dam  =  2,800  cubic  yards. 

1,500  feet  long ;  channel  of  suffi- 
cient depth. 

5,966  feet  long;  loose  rock  wing- 
dam  =  3,000  cubic  yards. 

1,390  feet  long ;  channel  of  suffi- 
cient depth. 

1,100  feet  long ;  loose  rock  forma- 
tion =  1,000  cubic  yards. 

900  feet  long ;  channel  of  sufficient 
depth. 

5,2H0  feet  long ;  channel  of  suffi- 
cient depth. 

8,343  feet  long;  channel  of  suffi- 
cient depth. 

2,640  feet  long;  loose  rock  wing- 
dam  =  2,625  cubic  yards. 

6,387  feet  long ;  loose  rock  to  re- 
move =  500  cubic  yards. 


From  Tennent's  Bridge  to  Swan- 
nanoa River ;  $1,500  will  remove 
all  obstructions. 


8,763  feet  long ;  rock  and  gravel 
bars  =:  3,000  cubic  yards. 
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SBCAPITULATION. 


■ 

i 

S3 

• 

a 
t 

«B. 

Ii*rom  Henderfwn  Coantr  line  to  head  rivDlo  of  Lous  Shoal 

1.60 
6.33 
3.25 
3..')9 
L66 

1.14 
43.34 

iao6 

7.76 
5.63 

a7i 

Head  rioDle  of  Lonir  Shoal  to  foot  of  Tavior's  Ford  Shoal 

6.86 

Foot  of  Tavlor'a  Ford  Shoal  to  foot  of  Patton's  Bridtre  Shoal - 

4.00 

Foot  of  Patton's  Bridse  Shoal  to  mouth  of  SwanDanoa  River 

S.16 

Mouth  of  Swannanoa  River  to  Smith's  Bridice.  at  Aaheville 

139 

Ilenderson  Conntv  line  to  Smith*0  Bridge. at  AahevUIe .,,.,....  ,^-..x-- 

16.43 

70.113 

iS 

Estimate  for  improving  the  French  Broad  River  from  the  Hendereon  County  line  to  Ashmlki 
securing  a  channel  in  tpidih  of  not  less  than  45  feet,  and  a  depth  o/30  inches,  extremiC  low 
water, 

4,250  cubic  yards  sravel  and  loose  rock  excavation,  afc  $1.50  per  cobic  yard.  $6, 375  00 

3,350  cubic  yards  loose  rock  excavation,  at  |2.50  per  cubic  jtad 8, 375  00 

1,500  cubic  yards  solid  and  bowlder  rock  excavation,  at  |3.50  per  cubic  yard.  5,  SfiO  00 

14,316  cubic  yards  rubble  wing-dams,  at  $2.50  per  cubic  yard 35,790  00 

Removing  drift  from  channel 1,250  00 

Removing  timber  from  banks 1,250  00 

Cost  from  Tennent's  Bridge  to  Swannanoa  River 1,500  00 

59,790  00 
Engineering  and  contingencies 12,000  00 

Total  cost,  from  Henderson  County  line  to  Asbeville 71, 790  00 

Add  estimated  cost  from  Brevard  to  Buncombe  County  line 29,68700 

Total  cost  from  Brevard  to  Asbeville,  55.26  miles 101,477  00 


Levels  and  distances  on  the  French  Broad  River,  from  Smithes  Bridge  at  Asheville,  If.  C,  to 

Leadvale,  Tenn, 


From— 


Smith's  Bridge 


.  General  Vance's. 

Alexander's 

Brown's 

Marshall 

Brash  Creek 

Warm  Sprinfi^  . . 

PaiotRock 

Newport 


Smith's  Bridge 


To- 


General  Vance's 

Alexander's 

Brown's 

Marshall  (a) 

Brush  Creek 

Warm  Springs.., 
Paint  Rock  (b)  .. 

Newport  (c) 

Leadvale((2)  .... 


.Do. 


5.0 
5.7 
4.1 
6.6 
7.9 
7.7 
6.0 
SS.0 
6.0 


74.0 


a  ef 


5-9 


1,965.0 

1,941 

1,799 

1,735 

1,648 

1,535 

1,334 

1,875 

1,071 

1.056 


.s 

#» 

-a 


44 

143 
64 
87 

113 

201 
59 

904 
15 


9S9 


a  B  t 
fa  .  •» 


u 


15l«1 
13.1^ 
14.30 
96.10 


(a)  Connty-site  of  Madison  Conntv.    (b)  Stat«-llne.    (e)  Connty-site  of  Cooke  County,     (d)  Crossing  of 
Cincinnati,  Cumberland  Gap  and  Charleston  Railroad,  twelve  miles  south  of  Morrlstown. 


Note. — Tide-levels  from  Swannanoa  River  to  Paint  Rock  were  obtained  from  recent 
surveys  of  tbe  Western  North  Carolina  Railroad ;  from  Paint  Rock  to  Newport,  from 
the  railway  reports  of  1836-*37,  made  under  the  direction  of  General  William  Gibbs 
McNeil,  of  tbe  United  States  Engineer  Corps ;  and  from  Newport  to  Lead  vale  the  fall 
is  measured  by  the  eye,  and,  therefore,  is  only  approximate. 
Very  respectfully,  your  obedient  servant, 

R.  C.  McCalla, 

Civil  Engineer. 
Maj.  Walter  McFarland, 

Corps  of  Engineers,  U.  S.  A, 
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P7. 

EXAMINATION  OF  THE  OCMULGEE  RIVER,  GEORGIA,  FROM  THE  CITY  OF 

MACON  TO  THE  CITY  OF  COVINGTON. 

United  States  Engineer  Oppiob, 
Chattanooga^  Tenn.^  February  19, 1876. 

General.:  I  have  the  honor  to  transmit  herewith  my  report  on  the 
examination  of  the  '^  Ocmulgee  River,  Georgia,  from  the  city  of  Macon 
to  the  city  of  Covington,"  made  under  the  provisions  of  an  act  of  Con- 
gress approved  March  3, 1875. 

The  Ocmulgee  Eiver  does  not  extend  as  high  as  Covington,  the  upper 
terminus  mentioned  in  the  act,  but  is  formed  by  the  junction  of  the 
Yellow  and  South  .Rivers,  which  unite  about  20  miles  below  that  point. 
A  little  over  40  miles  below  this  junction  the  city  of  Macon  is  reached. 
The  examination  of  this  distance  of  about  60  miles  was  begun  at  the 
Georgia  Railroad  bridge,  which  crosses  the  Yellow  River  about  3  miles 
from  Covington,  a  city  of  eleven  hundred  inhabitants.  The  surveying 
party  dropped  down  the  stream  in  flat-boats  built  for  their  use,  and 
examined  the  various  obstructions  as  they  were  reached. 

The  funds  available  permitted  an  exadiination  only,  and  not  a  survey. 
An  accurate  knowledge  of  the  length  of  this  line  and  of  the  fall  in  the 
river  was,  however,  obtained  by  a  survey  made  in  1871,  under  act  of 
Congress  approved  March  3,  and  Senate  resolution  of  March  30,  of  that 
year,  the  report  of  which  will  be  found  in  the  Report  of  the  Chief  of 
Engineers  for  1872,  pages  509  and  530,  ''Line  of  water  communication 
between  the  Mississippi  River  and  the  Atlantic."  In  this  distance  of 
61  miles  the  river  varies  from  50  yards  to  120  yards  in  width,  is  very 
crooked  and  full  of  obstructions,  and  has  a  fall  of  about  360  feet,  or  6 
feet  per  mile.  Between  Covington  and  Macon  there  are  not  less  than 
sixty  of  these  obstructions,  or  about  one  to  every  mile,  with  from  12  to 
24  inches  of  water  over  them  when  the  river  is  at  a  low  stage.  The 
worst  of  these  are  Loyd's  Shoal,  36  miles  above  Macon,  where  the  river 
falls  40  feet  in  2  miles,  and  Cedar  Shoals,  5  miles  below  Covington, 
where  it  falls  63* feet  in  less  than  a  mile.  This  part  of  the  liv^er  passes 
through  or  touches  Newton,  Jasper,  Butts,  Monroe,  Jones,  and  Bibb 
Counties,  whose  united  population  is  about  eighty  thousand.  It  can- 
not be  fitted  for  navigation  except  by  constructing  locks  and  dams  and 
establishing  the  slack- water  system  at  a  very  large  cost,  and  there  is 
no  good  reason  for  doing  this,  as  the  benefit  to  be  derived  from  it  would 
be  confined  entirely  to  these  few  counties,  the  value  of  whose  products 
bears  no  reasonable  proportion  to  the  probable  cost  of  such  an  improve- 
ment. 

The  following  description  of  the  obstructions  in  this  part  of  the  river, 
with  the  estimated  cost-  of  overcoming  them,  was  submitted  by  the  as- 
sistant engineer,  B.  W.  Frobel,  who  conducted  the  examination : 

The  survey  was  begun  at  the  Georgia  Railroad  bridge  over  the  Yellow  River,  on  the 
27th  of  July.  The  time  selected  fur  the  work  was  exceedingly  favorable,  the  water 
in  both  rivers  being  lower  (as  I  am  informed  by  persons  living  near  them)  than  it  had 
been  for  many  years  past. 

The  first  obstruction  met  with  is  at  the  railroad-crossing,  and  is  known  as  Bridge 
Shoal.  It  consists  of  rock-reefs,  crossing  the  river  ^t  right  angles  with  the  bed,  and 
has  a  fall  of  4.372  feet.  From  this  poiut  to  Cedar  Shoal  (5  miles)  the  current  is  slack, 
the  banks  are  high,  and  the  bottom  mostly  of  rock ;  the  width  of  the  channel  is  very 
uniform,  and  about  125  feet. 

Merriwether^a  Shoal  is  about  one-fourth  of  a  mile  below  Bridge  Shoal.  It  is  a  flat 
reef  of  rocks,  with  2  feet  of  water  on  it.  Soundings  between  the  shoals,  from  I  to  3 
feet. 
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One  and  one-quarter  miles  below  this  is  Sendrick'a  Skoal,  at  the  month  of  Hendrick's 
Creek.  It  consists  of  some  large  detached  rocks  in  mid-channel,  which  are  bare  at 
low  water. 

The  next  obstruction  is  at  the  month  of  Tarkey  Creek,  and  is  known  as  Creu^a  ShoaL 
It  is  a  rock-bar,  with  2  feet  of  water  on  it.  From  Crew's  Shoal  to  Cedar  Shoal 
soundings  from  3  to  4  feet.  This  portion  of  the  river  needs  ponding  to  give  the  required 
depth.  This  can  be  done  without  difficulty,  as  the  bottom  is  of  rock,  and  the  banks 
firm  and  sufficiently  high  to  preyent  flooding  any  portion  of  the  adjacent  lands.  For 
this  puri)ose  a  dam  at  Merri wether's  Shoal  with  lock  of  6  feet  lift,  and  a  dam  at  Crew's 
Shoal,  with  lock  of  4  feet  lift,  will  be  sufficient. 

Estimated  oo%U 

One  lock,  6  feet  lift 912,000 

Dam  90  feet  long 1,260 

One  lock,  4feet  lift 8,000 

Dam  90  feet  long 1,260 

Removing  60  cubic  yards  rock  at  Hendfick's  Shoal ^ 180 

22,700 

Cedar  5Aoa{  presents  the  next  obstacle,  and  here  the  river  has  a  fall  of  63  feet  in  less 
than  1  mile.  To  render  this  passable  for  vessels  drawing  4  feet,  the  upper  and  lower 
dams,  as  designated  in  the  accompanying  map,  should  be  raised  each  1  foot.  A  canal 
600  feet  long  should  be  constructed  between  stations  3  and  9  with  a  lock  of  18|  feet  lift, 
and  a  similar  lock  at  stations  9,  10.  The  left-hand  island  chute  should  be  deepened, 
aud  the  channel  enlarged  at  stations  16, 17, 18,  in  the  diagram,  and  a  lock  of  7  feet  lift 
placed  on  the  right  of  the  lower  dam,  opposite  station  28. 

Estimated  cost. 

One  lock,  18i  feet  lift $37,000 

One  lock,  18^  feet  lift 37,000 

One  lock,  7  feet  lift 14,000 

Rock-excavation,  2,100  cubic  yards,  at  $1.50 3,150 

600  feet  of  canal 8,400 

Raising  upper  dam  1  foot 406 

Raising  lower  dam  1  foot 980 

100,936 

One-half  mile  below  Cedar  Shoal  is  Sanson^s  Shoal,  It  is  a  rock -bar  300  feet  long, 
and  has  1  foot  of  water  on  it.  A  dam  with  lock  of  9^  feet  lift,  and  a  similar  lock  and 
dam  between  this  and  the  foot  of  Cedar  Shoals,  will  give  sufficient  water  as  high  as 
the  lower  dam. 

Estimated  cost. 

Two  locks,  9i  feet  lift $37,000 

Two  dams,  100  feet  long 2,600 

39  600 

From  Hanson's  Shoal  to  Dried  Indian  Shoal,  the  river  is  greatly  obstructed  by  reels 
and  bars,  and  needs  ponding. 

Dried  Indian  Shoal  is  1,200  feet  long,  with  a  fall  of  7.247  feet.  It  is  very  shallow  and 
filled  with  bowlders  and  loose  rock.  A  dam  at  the  foot  of  the  shoal,  with  lock  of  10 
feet  lift,  will  give  sufficient  water  to  Hanson's  Shoal. 

Estimated  cost 

100-foot  dam $1,400 

One  lock,  10  feet  lift 20,000 

21, 400 

From  Dried  Indian  to  Flat  Shoal,  there  are  numerous  reefs  and  bars,  with  soundings 
from  1  to  6  feet. 

Flat  Shoal  is  a  rock-bar  GOO  feet  long,  with  a  fall  of  18  inches.  A  dam  at  the  foot  of 
this  shoal,  with  a  lock  of  4  feet  lift,  will  pond  over  all  obstacles  as  high  as  Dried 
Indian. 
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Estimated  cost. 

Dam  100  feet  long $1,400 

One  lock,  4  feet  lift 8,000 

9,400 
From  Flat  Sboal  to  Webb's  Shoal  soundings,  from  3  to  10  feet. 
WebVs  Shoal  is  a  rock-reef  40  feet  long,  and  with  a  fall  of  1  foot.    A  dam  is  needed 
here  with  a  lock  of  4  feet  lift. 

Eatimated  coat. 

Dam  100  feet  long $1,400 

One  lock,  4  feet  lift 8,000 

•  9, 400 

Between  Webb's  Shoal  and  Lee's  Sboal  ther4  is  deep  water. 

Lee^a  Shoal  is  very  shallow  and  should  be  ponded  over.  This  can  best  be  done  by  a  dam 
at  Allen's  Shoal,  1  mile  below.  The  channel  here  is  filled  with  rock -reefs.  Allen's  Shoal 
being  the  last  of  them,  a  dam  here,  with  look  of  7  feet  lift,  will  be  required. 

Eatimated,  ooat, 

DamlOOfeet  long $1,400 

One  lock,  7  feet  lift 14,000 

15, 400 

From  Allen's  Shoal  to  Indian  Fishery  (1  mile)  the  water  is  deep  and  the  channel 
clear. 

Indian  Fishery. — The  river  is  350  feet  wide.  The  shoal  forms  a  natural  dam  with 
deep  water  above  and  below  it,  and  has  a  fall  of  12  feet.  A  lock  of  12  feet  lift  is  needed 
here,  and  a  channel  cleaned  oat  through  the  left-hand  island  chute  below  the  shoal. 

Eatimated  cost, 

600  cubic  yards  solid-rock  excavation,  at  $3 '. $1,800 

One  lock,  12  feet  lift 24,000 

25,800 

From  Indian  Fishery  to  Barnes's  Shoal  there  is  deep  water  and  a  clear  channel. 

Barneys  Shoal  is  at  the  junction  of  Yellow  and  South  Rivers.  Like  Indian  Fishery, 
it  is  a  rock  barrier  crossing  the  river,  and  forming  a  fine,  perfect  dam.  There  is  deep 
water  above  it.  A  lock  of  11.5  feet  lift  is  needed  here,  and  the  channel  in  the  left-hand 
island  chute  below  should  be  cleaned  out. 

Estimated  cost. 

One  lock,  11.5  feet  lift' $23,000 

Removing  1,300  cubic  yards  rock,  at  $3 3,900 

26,900 

Between  Barnes's  and  Lemon's  Shoals  the  following  work  will  be  necessary  to  give  4 
feet  of  water  at  the  lowest  stage : 

One  reef  near  the  foot  of  shoal,  300  cubic  yards  solid  rock,  at  $3 $900 

2.000  cubic  yards  loose  rock,  at  $2 4,000 

400  cubic  yards  jetty,  built  of  same,  at  50  cents 200 

Reef  near  Smith's  Ferry,  300  cubic  yards  solid  rock,  at  $3 900 

Polk's  Island  Reef,  100  cubic  yards  solid  rock,  at  $3 300 

70  cubic  yards  of  riprap  dam,  built  of  same 35 

6,335 

At  Lemon^a  Shoal  the  channel  is  about  equally  divided  by  a  small  island.  The  left- 
hand  channel  is  greatly  obstructed  by  rock  partially  exposed,  while  the  right-hand 
channel  is  free  of  rock  and  has  from  7  to  10  feet  of  water.  At  the  foot  of  the  island  a 
reef  of  solid  rock,  exposed,  crosses  the  river,  completely  closing  the  right-hand  channel 
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and  throwiDg  the  entire  stream  on  the  left-hand  hank  through  an  opening  about  50 
feet  wide.  The  current  here  is  very  rapid,  and  the  sharp  angles  made  by  the  reef  and 
island  present  serious  obstacles  to  a  boat  ascending  it.  To  remove  the  difficulty,  the 
left-hand  channel  at  the  head  of  the  island  should  be  closed,  and  a  channel  cut  through 
the  reef  at  the  lower  end  of  it,  near  the  right  bank.  The  present  channel  between 
the  reef  and  the  foot  of  the  island  should  be  closed,  and  a  ruDble-dam  built  across  the 
right-hand  channel  at  Station  No.  7  in  the  diagram. 

Eaiimated  cost. 

Solid-rock  excavation,  1,200  cubic  yards,  at  $1.50 $1, 800 

180  cubic  yards  dam,  built  of  same,  at  50  cents 90 

1,89a 
From  LeiQon's  Shoal  to  Key's  Ferry  the  water  is  deep. 
At  The  Ferry  there  is  a  reef  200  feet  long  which  must  be  cut  down  6  inches. 

Eeiimated  cost, 

300  cubic  yards  solid-rock  excavation,  atf3 $900 

The  Alcovy  River  comes  in  near  Key's  Ferry  with  a  volume  of  water  equal  to  Yellow 
River.  * 

From  Key's  Ferry  to  Rarvey^s  Mill  there  is  deep  water.  At  the  mill  there  is  a  shoal 
600  feet  long,  with  a  fall  of  4  feet,  measured  from  the  surface  of  the  water  above  the 
dam.  ^  By  removing  the  dam  the  fall  will  be  distributed  over  a  much  greater  distance. 
The  river  here  is  very  wide,  and  the  obstacle  may^be  removed  by  contracting  the  chan- 
nel and  clearing  out  the  bowlders  and  loose  rock  near  the  right  bank. 

Eaiimaiei  cost. 

Removing  1,800  yards  loose  rock  from  channel,  at  $2 $3,600  00 

Constructing  jetties  of  the  same,  at  50  cents 900  00 

4,500  00 

The  next  shoal  is  known  as  LeveretVs  Shoal,  Here  the  river  is  divided  by  a  small 
island,  the  beet  water  being  near  the  right  bank.  The  passage  to  the  left  of  the  island 
should  be  closed,  and  a  reef  and  some  loose  rocks  removed  from  the  other  channel. 

Eetinuited  oosU 

Removing  500  cubic  yards  loose  rock,  at  $1 $500  00 

Building  dam  of  same,  at  IQ  cents 250  00 

Excavating  91  cubic  yards  solid  rock,  at  $3 2f73  00 


1,023  00 

From  Leverett's  Shoal  to  Caj^8  Shoal  there  is  from  7  to  10  feet  water.  The  river  here 
is  divided  by  islands  into  three  channels,  the  shoal  being  immediately  at  the  foot  of 
the  upper  island.  It  consists  of  a  reef  of  solid  rocks  and  bowlders  crossing  the  river 
and  damming  up  the  water,  the  greatest  fall  being  within  100  feet  of  the  upper  reef. 
By  cutting  a  channel-way  through  this  reef,  near  the  left  bank,  and  confining  the 
water  to  the  passage-way  between  the  two  islands,  immediately  below  the  shoal,  the 
difficulty  may  be  removed  and  a  lock  avoided.  The  channel  to  the  left  of  Mountain 
Island  should  be  closed. 

Estimated  cost, 

7,000  cubic  yards  solid-rock  excavation,  at  $3 $21,000 

300  cubic  yards  dam,  built  of  same » 150 

21, 150 

Should  a  lock,  however,  be  deemed  best,  the  proper  position  for  it  will  be  found  in 
the  passage  to  the  left  of  Mountain  Island.  This  chute  is  about  80  feet  wide,  and  deep 
above  and  below  the  shoal. 

Estimated  cost. 

Dam ^..^ $1,400 

One  lock,  5i  feet  lift 11,000 

12, 400 


BEPOBT   OP   THE   CHIEF   OF   ENGINEEBS.  729 

Althongh  the  expense  of  an  open  channel  is  greater,  it  would  be  infinitely  prefer- 
able to  a  lock.    Between  Cap's  Shoal  and  Lloyd's  Shoal  there  is  good  water. 

LUnfd^s  Shoal  is  nearly  2  miles  long,  and  has  a  fall  of  40  f eet^  It  is  very  shallow,  and 
the  channel  is  greatly  dbstracted.  Ponding  here  is  necessary,  and  it  can  be  readily 
done,  as  the  bottom  is  of  solid  rock  and  the  bank  sufficiently  high.  Four  locks  and 
dams  will  be  needed. 

Estimated  cost 

Four  dams,  1,600  feet $22,400 

Four  locks,  10  feet  lift 80,000 

102, 400 

Just  below  this  shoal,  and  near  the  month  of  Herd's  Creek,  there  is  a  narrow  reef 
with  1  foot  of  water  on  it.    Requires — 

Solid-rock  excavation,  90  cubic  yards,  at  $3 (270 

From  this  reef  to  Pittman's  Shoal  there  is  deep  water. 

PiUman*s  Shoal  is  a  succession  of  reefs,  with  a  fall  .194  per  100  feet.  An  island  divides 
the  channel  here,  the  best  water  being  to  the  left  of  the  island.  The  passage  to  the 
right  of  the  island  should  be  closed,  and  the  reefs  and  loose  rocks  removed  from  the 
other  channel. 

Estimated  cost. 

1,500  cubic  yards  solid-rock  excavation,  at  $3 ^,500 

1,000  cubic  yards  loose-rock  excavation,  at  $1 1,000 

Building  150  cubic  yards  dam  of  same,  at  50  cents 75 

5  575 

Between  Pittman's  and  Roach's  Shoals,  soundings  from  6  to  14  feet. 

Boaeh*s  Shoal,  like  Pittman's,  is  formed  of  reefs  and  bowlders,  and  has  a  fall  of  .194 
foot  per  100  feet.  A  good  channel  may  be  formed  on  the  right  bank  by  removing  loose 
rock  and  bowlders  and  building  a  jetty  from  the  head  of  the  shoal  to  Roach's  mill. 

Estimated  cost 

Removing  3,000  cubic  yards  bowlders  and  loose  rock,  at  $2 |6, 000 

Building  with  these  3,000  cubic  yardn  jetty,  at  50  cents 1, 500 

7,500 

From  Roach's  Shoal  to  Lamar's  Shoal  there  is  deep  w^ter. 

Lamar's  Shoal. — The  river  here  is  divided  by  a  small  island,  the  best  water  being  in 
the  right-hand  channel.  By  closing  the  other  channel  and  removing  a  fish-trap  dam, 
and  some  loose  rock  and  bowlders  from  this,  sufficient  water  may  l>e  had.  A  jetty 
should  be  built  from  the  lower  end  of  the  island,  inclining  toward  the  right  bank. 

Estimated  cost. 

200  cubic  yards  solid-rock  excavation,  at  $3 $600 

300  cubic  yards  loose-rock  excavation,  at  $1 300 

Building  dam  of  same 250 

1,150 

From  Lamar's  Shoal  to  Seven  Islands  there  is  deep  water  and  no  obstructions.  This 
shoal  is  a  rock-bar  1,300  feet  long,  and,  with  a'/all  of  19.515  feet,|20  feet  of  lockage  and 
a  canal  600  feet  long  will  be  needed  here.  Below  the  shoal,  the  passage  between  the 
islands  and  the  right  bank  should  be  cleaned  out  and  the  other  passages  closed.  This 
will  throw  a  volume  of  water  into  the  open  channel  of  sufficient  depth. 

Estimated  cost, 

600  feet  of  canal $7,000 

Locks  20  feet  lift 40,000 

1,000  cubic  yards  solid-rock  excavation,  at  $3 1  3,000 

1 ,000  cubic  yards  loose-rock  excavation,  at  $1 1, 000 

2,000  cubic  yards  dams  and  jetties,  built  of  same 1,000 

52,000 
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From  SeveD  Islands  to  Little  Sandy  Creek  there  are  no  obstractions,  and  the  water 
is  deep.  Here  are  some  detached  rocks  that  should  come  out,  (50  cable  yards.)  One 
mile  below  this  a  small  island  divides  the  channel.  There  is  a  rock-bar  at  the  head 
of  this  island  with  a  fish-trap  dam  on  it.  This  should  be  remoyed  and  the  left-band 
channel  closed.  For  500  feet  below  the  island  there  is  a  sand-bank  with  from  2.5  feet 
to  3  feet  water,  the  river  being  300  feet  wide.  A  jetty  should  be  built  from  the  foot  of 
the  island  to  the  end  of  this  bank,  inclining  to  the  right  bank  of  the  river. 

Setimaied  co9t. 

Removing  fish-trap  dam,  66  cubic  yards 1^6 

Building  dam  with  same  at  head  or  island,  50  cents 33 

Removing  200  cubic  yards  loose  rock  from  channel,  at  $1 200 

Baildingjetty  of  same,  50  cents 100 

399 

From  Island  Shoal  to  WarcPs  Ferry  there  is  deep  water ;  300  feet  above  the  ferry  s 
narrow  reef  crosses  the  channel,  which  is  here  200  feet  wide.  The  opening  through 
this  reef  needs  enlarging  50  feet.  About  500  feet  below  the  ferry  there  is  a  ledge  of 
bare  rock  extending  nearly  across  the  river.  There  are  5  feet  of  water  in  the  opening 
through  this  ledge ;  30  feet  of  the  ledge  should  be  taken  off.  For  200  feet  below  this 
ledge  there  are  only  3  feet  in  the  channel.  This  may  be  deepened  sufficiently  by  build- 
ing a  jetty  from  the  ledge  to  the  lower  edge  of  shoal. 

Estimated  cost. 

Upper  reef:  excavating  20  cubic  yards  solid  rock,  at  $3. $60 

Lower  reef:  excavating  30  cubic  yards  solid  rock,  at  |3 90 

200  feet  jetty,  50  cubic  yards,  at  50  cents 25 

30  cubic  yards,  at  (2 60 

235 

Between  Ward's  Ferry  and  Big  Sandy  Creek  there  are  several  small  sand-bars  with 
2^  feet  of  water  on  them. 

From  Big  Sandy  Creek  to  MoArtkur^s  Ferry  there  is  deep  water  and  a  clear  channel. 
Near  the  ferry  two  narrow  reefs  with  2  feet  water  cross  the  river.  One  mile  fiftrtber 
down  there  is  another  reef,  with  3  feet  on  it. 

Estimated  cost  of  work  on  this  part  of  the  river. 

2,000  cubic  yards  sand-excavation,  at  60  cents |1,200 

Removing  2  reefs,  60  cubic  yards  each,  at  $3 360 

Removing  1  reef,  30  cubic  yards,  at  $3 90 

1,630 

The  next  obstruction  is  at  Head^s  ShoaL  This  is  a  flat  reef  with  but  little  fall.  It 
begins  a  quarter  of  a  mile  above  the  mouth  of  Towaliga  River.  The  upper  part  con- 
sists of  bowlders  and  loose  rock.  Below  these  there  is  a  ledge  50  feet  long  with  2} 
feet  on  it.    The  river  here  is  350  feet  wide,  the  best  water  being  near  the  right  bank. 

The  channel  above  the  reef  should  be  cleaned  out,  and  a  wing-dam  built  on  the  lower 
edge  of  it. 

Estimated  oosU 

Removing  500  cubic  yards  of  loose  rock,  at  (2 $1,000 

Building  wing-dams  of  same,  at  50  cents 250 

1,250 

Between  Head's  Shoal  and  Olover^s  Shoal  there  are  five  reefs,  with  2  feet  of  water  on 
them.  These  reefs  are  in  deep  water,  and  are  very  narrow.  Immediately  above 
Glover's  Shoal  three  similar  reefs  cross  the  river,  with  18  inches  of  water  on  them. 
They  should  be  removed. 

Estimated  cost. 

Removing  5  reefs,  30  cubic  yards  each,  150  cubic  yards,  at  $3 $450 

Removing  3  reefs,  30  cubic  yards  each,  90  cubic  yards,  at  $3 270 

720 
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The  upper  part  of  Glover's  Shoal  conBiats  of  three  reefs,  with  deep  water  between 
them.  One  tDoasand  eight  handred  feet  from  the  head  of  the  shoal  the  fall  becomes 
rapid,  and  the  channel  is  filled  with  fixed  rock  and  bowlders.  A  good  channel  may  be 
made  above  the  fall  by  cnttins  through  the  reefs.  From  the  head  of  the  principal  fall 
a  canal  will  be  needed  l,tiOO  leet  long,  and  with  a  lock  of  18  feet  lift.  The  channel  at 
the  foot  of  the  shoal  should  be  cleanS  out.  The  canal  may  be  built  near  the  left  bank 
in  the  river-bed. 

Estimated  cost. 

Canal $9,000 

Lock,  18  feet  lift 36,000 

Removing  3  reefs,  30  cubic  yards  each,  at  $3 270 

Improving  channel  below  shoal 1,000 

46,270 

About  1,000  feet  below  MitehelVs  Ferry  there  is  a  narrow  rock  and  sand  bar,  with  2 
feet  water.  The  river  here  is  360  feet  wide.  Five  hundred  feet  below  the  sand-bar 
there  is  a  rock  ledge  50  feet  long,  with  2^  feet  water.  The  channel  over  these  bars 
should  be  deepened,  and  one  or  two  detached  rocks  removed. 

Estimated  cost. 

Excavating  220  cubic  yards  solid  rock,  at  $3 $660 

Excavating  45  cubic  yards  sand  and  rock 45 

705 

From  this  point  to  MitehelVs  Shoals  4  miles,  the  water  is  deep,  and  there  are  no  obstruc- 
tions. The  upper  reef  here  is  very  narrow,  and  has  a  fish-trap  dam  on  it;  deep  water 
above  and  below  it.  The  dam  should  be  removed,  and  the  channel  deepened.  At  the 
lower  reef  an  island  divides  the  channel.  This  reef  is  narrow,  (10  feet,)  and  has  a  fall 
of  1.8  feet.  The  best  water  is  to  the  left  of  the  island.  The  channel  to  the  right  should 
be  closed,  and  the  reef  cut  away  near  the  left  bank. 

Estimated  eost, 

Removi ng'fish- trap  dam,  36  cubic  yards,  at  $1 $36  00 

Sol id-rocK  excavation,  375  cubic  yards,  at  $3 1,125  00 

Building  dam  with  same,  at  50  cents 187  50 

1, 348  50 

One  mile  below  Mitchell's  Shoal  there  are  two  reefs  in  5  feet  water.  They  are  10  feet 
long,  and  have  18  inches  water  on  them.    Estimated  cost  of  removing  them  : 

Excavating  90  cubic  yards  solid  rook,  at  $3 $270 

JarreVs  Shoal  is  the  next  obstruction.  It  consists  of  a  rock  bar  200  feet  long,  with  2| 
feet  of  water  on  it.  The  channel  should  be  contracted  by  jetties.  Six  hundriM  feet  be- 
low this  there  is  a  reef  with  1  foot  of  water.  Two  hundred  feet  farther  down  there  is 
a  similar  reef.  Five  hundred  feet  from  this  another  reef  crosses  the  channel,  with  .3  feet 
of  water.  One  hundred  feet  below  this  there  is  a  reef  with  2  feet  water.  Upon  this 
there  is  a  fish-trap  dam.  Channels  should  be  excavated  through  these  reefs,  and  the 
dam  rembved. 

Estimated  cost. 

Excavating  502  cubic  yards  solid  rock,  at  $3 $1,506 

Excavating  330  cubic  yards  loose  rock,  at  $1...- 330 

Building  Jetties  with  same,  at  50  cents 165 

2,001 

darkens  Shoal  begins  at  the  head  of  Long  Island  and  ends  100  feet  below  it.  It  con- 
sists of  six  narrow  reefs,  one  at  the  head  of  Long  Island,  four  reefii  half-way  down  the 
island,  and  one  at  the  foot  of  it.    To  give  the  proper  depth  will  require — 

80  cubic  yards  solid-rock  excavation,  at  $3 $240 

100  cubic  yards  loose-rock  excavation,  at$l 100 

340 
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Falling  Creek  Shoal  is  at  the  mouth  of  Falling  Creek.  It  consists  of  seven  reefs  of 
rockj  with  deep  water  between  them.    To  open  a  channel  through  these  will  require — 

518  cubic  yards  of  solid-rock  excavation,  at  |3 $1,554 

Immediately  below  the  shoal,  two  small  islands  divide  the  channel.  The  best  water 
is  to  the  right  of  the  upper  island  and  to  the  left  of  the  lower  one.  The  opposite 
channels  should  be  closed.  In  the  lower  island  chute  there  are  three  reefs  that  should 
be  removed. 

EeHtnated  coat. 

Removing  222  cubic  yards  solid  rock,  at  $3 '. $666 

Building  dams  with  same,  at  50  cents Ill 

777 

Between  Falling  Creek  and  Dame's  Shoal  the  water  is  very  deep,  except  at  the 
ferry,  where  there  is  a  reef  of  detached  rocks.    This  needs — 

80  cubic  yards  rock-excavation,  at  $2.50 ^ $200 

■ 

At  Dannfs  Shoal  the  river  is  very  wide,  and  is  filled  with  small  islands.  The  shoal 
is  rock  550  feet  long,  and  has  a  fall  of  3.644  feet,  or  .662'  per  100  feet.  The  best  water 
is  next  the  right  bank,  and  in  the  right-hand  island  chute,  where  there  is  3  feet.  This 
channel  is  obstructed  by  a  reef  and  lish-trap  dam.  These  should  be  removed,  and  the 
other  channel  closed  up.  The  volume  of  water  thrown  into  the  right-hand  channel 
(which  is  about  100  feet  wide)  will  give  sufficient  depth. 

Estimated  cost, 

600  cubic  yards  solid-rock  excavation,  at  $3 $1,800 

Building  dams  of  same,  at  50  cents 300 

2, 100 

In  the  island  chute  below  the  shoal  there  are  three  reefs  that  should  be  removed. 
Between  the  shoal  and  the  first  and  second  reefs  there  is  only  2^  feet  water,  but  the 
bottom  here  is  of  loose  sand,  and  when  the  reefs  are  removed  this  will  wash  away. 
One-half  mile  below  these  there  is  a  reef  of  detached  rocks  which  should  be  removed. 
From  this  point  to  Rum  Creek  the  water  is  good. 

Eum  Creek  Sho€U  is  at  the  mouth  of  Rum  Creek.  It  oonsisf-s  of  reefs  and  detached 
rocks,  with  deep  water  between  them.  There  is  but  little  fall,  and  the  removal  of  loose 
rock  and  the  excavation  of  a  channel  80  feet  wide,  100  feet  long,  and  2  feet  deep  will 
remove  all  difficulty.  One  half  mile  below  the  shoal  there  is  a  loose-rock  bar  that 
needs  deepening.    Estimated  cost  of  work  on  this  part  of  the  river : 

Solid-rock  excavation,  1,188  cubic  yards,  at  $3 $3,564 

Loose-rock  excavation,  900  cubic  yards,  at  $1 900 

4,464 

Taylor^a  Shoal,  like  Falling  Creek  Shoal,  is  a  succession  of  rock-reefs,  with  deep  water 
between  them.    The  shoal  is  2,100  feet  long,  and  has  a  fall  of  5.732  feet,  or  about  .272' 

Eer  hundred  feet.  This  is  very  equally  distributed  over  the  entire  shoal,  except  at  the 
ead,  where  there  is  a  fall  of  2.6  feet  in  the  first  200  feet.  This  is  caused  by  the  dam- 
ming of  the  water  at  the  first  reef.  The  best  channel  is  near  the  right  bank.  This 
should  be  cleaned  out  and  the  reefe  removed.  The  river  here  is  500  feet  wide,  and  to 
give  sufficient  water  the  channel  should  be  contracted.  This  can  be  done  by  building 
a  ietty  from  the  right  bank  along  the  first  reef,  and  thence  down  the  shoal  to  the  head 
oi  island  No.  2  of  the  diagram,  and  closing  up  the  passage  to  the  right  of  island  No.  1. 
This  will  pond  the  water  at  the  foot  of  the  shoal  and  reduce  the  current.  The  channel 
being  perfectly  straight,  vessels  can  ascend  without  difficulty. 

'  Estimated  cost 

Solid-rock  excavation,  2,220  cubic  yards,  at  $3 $6, 660 

Loose-rock  excavation,  1,000  cubic  yards,  at  $1 1,000 

Building  jetties  of  same,  at  50  cents 1, 110 

8,770 
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Between  Taylor's  Shoal  and  Harris's  Shoal  the  water  is  deep  and  the  channel  unob- 
stracted,  except  at  Bowman^a  Reef,  where  it  needs  widening,  and  at  Bowman's  Landing, 
where  some  detached  rocks  should  come  out. 

Estimated  cost. 

Solid-rock  excavation.  100  cubic  yards,  at  $3 $300 

Detached-rock  excavation,  200  cubic  yards,  at  ^ 400 

700 

Harries  Shoal  is  like  Taylor's  Shoal.  It  is  3,000  feet  long  and  has  a  fall  of  2.312  feet. 
At  the  first  and  second  reef  the  channel  should  be  widened  50  feet.  Upon  the  lower 
ledge,  for  600  feet,  there  is  only  3  feet  water.  Here  the  channel,  which  is  now  300  feet 
wide,  should  be  contracted. 

Estimated  cost. 

60  cubic  yards  solid-rock  excavation,  at  $3 $180 

Removing  300  yards  loose  rock,  at  $1 300 

Building  jetties  of  same,  at  50  cents ^ 150 

630 

Between  Harris's  and  Johnston's  Shoals  no  wDrk  is  needed. 

At  JohnsUm^s  Skoal  the  river  widens  out  very  much,  the  channel  being  divided  by 
three  small  islands.  The  shoal  is  1,500  feet  long,  and  has  a  fall  of  5.125  feet,  or  .341' 
per  hundred  feet.  This  fall  is  very  equally  distributed.  The  reef  which  forms  the 
upper  part  of  the  shoal  has  2  feet  of  water  on  it,  and  this  deepens  to  3  feet  and  2.5 
feet>,  the  channel  being  greatly  obstructed  by  loose  rock.  At  the  lower  end  of  the  first 
island  there  is  a  fish-trap  dam,  and  400  feet  below  this  a  rock-reef.  Channels  should 
be  cut  through  these  reefs  and  the  loose  rock  removed.  All  the  channels  should  be 
c]o»ed  except  that  next  the  right  bank,  and  this  should  be  contracted  by  a  jetty  from 
the  first  reef  to  the  fish-trap  dam.  Jetties  6  feet  high  should  be  placed  500  feet  below 
the  last  reef.  This  will  give  a  good  channel  over  the  shoal  and  make  the  passage  of 
it  eesy. 

Estimated  cost. 

Solid-rock  excavation,  100  cubic  yards,  at  $3 $300 

Loose-rock  excavation,  1,000  cubic  yards,  at  $2 2,000 

Buildiogjettiesof  same,  atfl..., 1,000 

3,300 

The  next  obstacle  is  called  Holman^s  Shoal.  This  consists  of  two  rock-bars  500  feet 
apart.  The  first  bar  is  200  feet  long  and  has  2  feet  of  water  on  it.  The  second  bar  has 
5  feet  of  water,  but  needs  widening. 

Estimated  cost 
1,300  cubic  yards  solid-rock  excavation,  at  $3  ...j $3,900 

Passing  below  this  shoal,  we  have  deep  water,  free  from  obstructions,  until  near  the 
bead  of  mmbush^s  Island,  where  two  reefs  cross  the  river,  leaving  deep  channels  but 
not  sufficiently  wide.  Two  hundred  feet  below  the  head  of  the  island,  in  the  right- 
hand  channel,  is  another  reef,  with  1  foot  of  water  on  it.  Three  hundred  feet  below 
this  there  is  another  reef.  These  obstacles  should  be  removed,  and  the  left-hand  chan- 
nel at  the  head  of  the  island  closed. 

Estimated  cost. 

Removing  210  cubic  yards  solid  rock,  at  $3 $630 

Building  dams  with  same,  at  50  cents 105 

735 

At  the  foot  of  the  island  is  HoWs  Shoal,  also  called  Wimbush's  Shoal.  This  is  a 
Toclc-bar  400  feet  long,  upon  which  there  is  2  feet  water,  but  greatly  obstructed  by 
loos«  rock.  Upon  the  upper  edge  of  the  bar  there  is  a  reef  with  1  foot  of  water,  and 
on  the  lower  edge  a  reef  and  a  fish-trap  dam.  These  should  be  removed  and  the  chan- 
nel near  the  right  bank  cleaned  out.  A  ietty  should  be  built  from  the  lower  end  of 
the  island  inclining  toward  the  right  bank  and  extending  500  feet  below  the  fish-trap 
4am. 
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E$timated  cost 

Solid-rock  excavation,  100  cubic  yards,  at  $3 $300 

Loose-rock  excavation,  1,000  cubic  yards,  at  $1 1,000 

Building  jetty  of  same,  at  50  cents 500 

1,800 

For  1  mile  below  this  shoal  there  are  several  islands  dividing  the  channel.  Tho 
best  water  is  next  the  right  bank  of  the  river,  and  the  other  channels  should  be  closed. 
Seven  reefs  cross  the  channel  here.  The  first,  second,  and  third  reefs  have  each  1  foot 
of  water.    The  fourth  reef  has  2.5  feet,  and  the  others  have  each  1  foot. 

Estimated  cost  of  worJc  needed  here. 

Removing  570  cubic  yards  solid  rock,  at  $3 $1,710 

Building  dams  with  same,  at  50  cents 285 


l,9a5 


About  500  feet  below  the  last  island  there  is  a  reef  of  bare  rock,  with  an  opening  in 
it  of  30  feet.  This  opening  should  be  increased  to  100  feet,  and  a  jetty  built  from  the 
island  to  the  reef. 

Estimated  cost 

Removing  200  cubic  yards  solid  rock,  at  $3 $600 

Building  jetty  of  same,  at  50  cents 100 

200  yards  jetty,  at  $2 400 

1.100 

This  is  the  last  of  the  reefs  and  shoals.  The  river  here  is  about  300  feet  wide,  and 
for  ^  mile  there  is  a  sand-bank,  upon  which  there  is  an  average  of  3  feet  of  wat«r. 
About  2^  miles  from  this  there  is  a  similar  bank.  Both  of  these  deposits  occur  where 
the  current  is  slack  and  with  deep  water  above  and  below  them,  and  are  probably 
caused  by  sunken  trees  and  logs.  These  being  removed,  the  banks  will  wash  away. 
There  is  also  on  this  portion  of  the  river  one  reef  to  be  removed  and  two  loose- rock 
bars. 

Estimated  cost 

Sand  excavation,  16,000  cubic  yards,  at  60  cents $9,600 

Solid-rock  excavation,  100  cubic  yards,  at  $3 300 

Loose-rock  excavation,  200  cubic  yards,  at  $1 200 

10,100 

This  makes 574,232 

Add  to  this  20  per  cent,  for  contingencies 114,846 

And  we  have  a  total  of -" '688,078 

The  above  estimate  contemplates  a  channel-way  80  feet  wide,  4  feet  deep  at  the  low- 
est stage  of  water,  and  with  locks  200  feet  long  and  30  feet  wide.  This  will  accommo- 
date vessels  carrying  300  tons  for  nine  months  in  the  year,  and  half  that  tonnage  for 
the  remaining  three  months.  And  we  should  bear  in  mind  that  during  the  season  of 
low  water,  which  occurs  between  the  1st  of  July  and  the  middle  and  latter  part  of 
September,  but  little  freight  is  moving,  and  consequently  this  reduction  of  tonnage 
will  not  be  felt  as  an  inconvenience. 

From  the  1st  of  October  to  the  1st  of  July  the  lowest  stage  of  water  is  from  3  to  4 
feet  above  the  extreme  low  point,  giving  a  minimum  depth  of  from  7  to  6  feet. 

The  estimated  cost  of  inakiDg  this  improvement  is,  then,  according  to 
the  statement  above  given,  as  follows,  not  including  contingencies  and 
superintendence : 

Bridge,  Merri wether's,  Hendrick's,  and  Crew's  Shoals $22, 700  00 

Cedar  Shoal. 100,936  00 

Hanson's  Shoal 39,600  00 

Dried  Indian  Shoal 21,400  00 

FlatSboal 9,400  00 

WebVsShoal 9,400  00 

Lee'sShoal 15,400  00 
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iDdian  Fishery $25,800  00 

Barnes's  Shoal 26,900  00 

Reefs  below 6,335  00 

Lemon's  Shoal 1,890  00 

Key'sFerry 900  00 

Harvey'sMill 4,500  00 

Leverett's  Shoal 1,023  00 

Cap's  Shoal 21,150  00 

Lloyd's  Shoal 102,400  00 

Reef  below 270  00 

Pitman's  Shoal 5,575  00 

Roach's  Shoal 7,500  00 

Lamar'sShoal 1,150  00 

Seven  Islands  Shoal 52,000  00 

Little  Sandy  Creek  Shoal 399  00 

Ward's  Ferry 235  00 

Big  Sandy  Creek  and  McArthur's  Ferry 1,650  00 

Head's  Shoal 1,250  00 

Glover's  Shoal  Reefs 720  00 

Glover's  Shoal 46,270  00 

Mitchell's  Ferry 705  00 

Mitchell's  Shoal 1,348  50 

Reef  below 270  00 

Jarrel's  Shoal 2,001  00 

Clarke's  Shoal 340  00 

FallingCreek  Shoal 1,554  00 

Reef  below 777  00 

Reef  below 200  00 

Dame'sShoal , 2,100  00 

Ram  Creek  Shoal 4,464  00 

Taylor's  Shoal 8,770  00 

Bowman's  Reef 700  00 

Harris's  Shoal 630  00 

Johnston's  Shoal 3,300  00 

Holman's  Shoal 3,900  00 

Wimbush's  Island 735  00* 

Holt'sShoal 1,800  00 

Keef  below 1,995  00 

Reef  below 1,100  00 

Sand-banks  below 10,100  00 

573, 405  00 

The  prices  employed  in  making  up  this  estimate  are,  however,  too  small, 
though  they  nave  been  used  in  making  previous  estimates.  Experience  has 
shown  that  in  conducting  work  on  these  southern  rivers,  the  sudden  and 
great  changes  of  height  to  which  their  sur&ces  are  subject  renders  all  en- 
gineering operations  in  their  channels  so  uncertain  that  the  cost  exceeds 
very  greatly  the  cost  of  similar  work  in  other  places.  In  this  case,  the  cost  of 
rock -excavation  in  channel  would  be  not  less  than  double  that  assumed, 
while  the  construction  of  the  wing-dams  would  cost  not  less  than  three  or 
four  times  the  amount  estimated.  Making  these  and  other  necessary 
changes  in  the  prices  of  the  vanous  kindn  of  work  enumerated,  the  estimated 
cost  of  this  work  would  not  fall  short  of $800, 000 

And  adding  25  per  cent,  for  the  cost  of  superintendence,  and  to  meet  the  con- 
tingencies to  which  lock  and  dam  construction  in  running  water  is 
peculiarly  liable 200,000 

Total 1,000,000 

We  have  $1,000,000  as  the  probable  cost  of  doing  this  work.  Of 
coarse,  this  is  not  an  accurate  estimate ;  nothing  bat  a  survey  could 
give  that,  and  we  have  been  able  to  make  only  an  examination. 

It  is  to  be  observed,  moreover,  that  the  total  fall  of  this  part  of  the 
river,  as  given  by  the  survey  of  1871,  before  referred  to,  is  360  feet. 
The  estimate  before  given  provides  for  a  total  lockage  of  about  200  feet, 
affecting  perhaps  10  miles  of  the  river's  length.  The  remaining  50  miles, 
then,  would  have  a  fall  of  160  feet,  an  average  of  nearly  3 J  feet  per 
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mile,  much  too  great  'to  permit  of  easy  or  even  of  good  navigation ; 
and  it  appears  quite  certain  that  if  the  improvements  covered  by  the 
preceding  estimate  were  made,  it  would  become  equally  necessary  to 
carry  the  slack-water  system  up  through  the  whole  or  the  greater 
part  of  the  remaining  160  of  fall ;  and  the  total  cost  of  the  improve- 
ment of  this  61  miles  would  be  not  much  less,  if  any,  than  $2,000,000. 
A  survey  only  can  determine  this,  and  there  is  nothing  in  the  local 
necessities  of  this  region  which  would  warrant  so  expensive  an  under- 
taking. 

Very  respectfully,  your  obedient  servant, 

Walter  McFarland, 

Major  of  Engineers. 
Brig.  Gen,  A.  A.  Humphreys, 

Chief  of  Engineers  J  U.  8.  A, 


P  8. 

EXAMINATION  OF  POWELL'S.  CLINCH.  AND  EMORY  RIVERS,  IN  VIRGINIA 

and  tennessee. 

United  States  Engineer  Office, 

Chattanooga^  Tenn.^  February  2, 1876. 

General  :  I  have  the  honor  to  submit  herewith  reports  upon  the 
following  examinations,  ordered  by  act  of  Congress  approved  March  3, 
1876,  viz: 

.    1st.  Powell's  Eiver  from  the  three  forks,  in  Wise  County,  Virginia, 
to  the  mouth  of  Clinch  Eiver,  Tennessee. 

2d.  Clinch  Eiver  from  the  mouth  of  Indian^  in  Tazewell  County, 
Virginia,  to  the  junction  of  Clinch  and  PowelPs  rivers,  Tennessee. 

3d.  Clinch  Eiver  below  the  mouth  of  Emory  Eiver,  and  Emory  Elver 
above  its  mouth,  for  the  removal  of  bars,  Tennessee. 
Very  respectfully,  your  obedient  servant, 

Walter  McFarland, 

Major  of  Engineers, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A, 


EXAMINATION  OF  POV^BLL'S  RIVER  FROM  THE  THREE  FORKS,  IN  WISE 
COUNTY,  VIRGINIA,  TO  THE  MOUTH  OP  CLINCH  RIVER,  TENNESSEE. 

By  the  wording  of  the  act  of  March  3, 1875,  it  will  be  observed  that 
the  examination  was  to  be  extended  to  the  mouth  of  the  Clinch  Eiver, 
which  is  106  miles  (estimated)  below  the  point  at  which  PowelPs  Eiver 
empties  into  it.  As  the  same  act  of  Congress  requires,  however,  the 
examination  of  the  remaining  part  of  the  Clinch,  above  the  mouth  of 
Powell's  Eiver,  I  have  thought  it  best  to  restrict  this  report  to  the  exami- 
nation of  Powell's  Eiver  only,  leaving  the  examination  of  the  lower  part 
of  the  Clinch  to  be  included  in  the  report  upon  that  river. 

From  the  Three  Forks,  in  Wise  County,  Virginia,  where  the  examination 
was  begun,  Powell's  Eiver  runs  in  a  southwesterly  direction  about  190 
miles  (estimated)  to  its  junction  with  the  Clinch  ;  70  miles  of  this  length 
lying  in  Virginia,  and  the  remaining  120  miles  in  Tennessee. 


render  it  almost  inaccessible.    It  bas  no  railroad  facilitieH. 

Tbe  river  forms  its  only  oatlel,  and  this  is  narrow,  crooked,  and  so 
macta  obstructed  by  bars,  rocky  ledges,  snags,  shoals,  mill-dams,  and 
fish-traps,  that  it  requires  a  rain-tide  of  6  or  6  feet  to  enable  flat-boats  to 
pass  down  it.  It  cannot  be  ased  at  all  during  the  season  of  low  water : 
and  dnring  the  season  of  navigation,  which  is  limited  to  the  winter  and 
sprioK  months,  if,  as  sometimes  happens,  only  two  or  three  boating-tides 
occur,  moch  of  the  produce  of  the  valley  is  left  on  the  farmers'  hands, 
to  their  great  injnry, 

The  region  watered  by  Powell's  fiiver  and  its  tribataries  is  a  very 
fertile  one,  containing  some  of  the  best  farming-lands  in  Virginia  and 
Tennessee,  and  its  annoal  prodnce  of  wheat,  corn,  oats,  bacon,  and 
other  farm-products  is  valned  at  over  tl.,000,000,  independently  of  its 
timber,  iron,  and  coal.  Kone  of  this  latter  is  shipped.  Not  less  tluin 
120  or  130  flat-boats,  with  cargoes  valued  at  from  $1,000  to  $5,000,  come 
annually  out  of  Powell's  Kiver. 

Assistant  engineer  William  M.  Gordon,  who  made  this  ezaoiioation, 
reports  that  the  fall  in  the  lower  part  of  the  river  is  too  great,  and  the 
supply  of  ivater  during  the  summer  and  autumn  too  little,  to  admit  of 
its  adaptation  to  low-weter  navigation. 

All  that  can  be  done,  then,  and  all  Uiat  is  asked,  is  to  so  improve  the 
bigh-water  navigation  that  boats  may  be  able  to  pass  out  on  rain-tides, 
of  S^  or  i  feet.  This  would  increase  the  safety  of  the  navigation  daring 
the  higher  tides,  and  would  render  available  for  boating  many  rain- 
tides,  which,  in  the  present  condition  of  the  river,  are  useless  for  that, 
purpose. 

This  could  be  accomplished  by  breaking  off  the  points  of  the  ledg«s% 
which  project  above  low  water,  blasting  and  removing  the  large  b«ml-. 
ders  which  have  fallen  into  the  channels,  cntting  away  some  points,^ 
removing  overhanging  trees,  snags,  dams,  and  fish-traps,  and  in  a  few 
cases  bnilding  wing-dams  for  the  purpose  of  confining  the  ebauoel  t(k^ 
narrower  limits. 

The  estimated  cost  of  this  work  is  as  follows,  viz : 

For  that  part  of  the  river Ij'inEin  Virpnla  below  Sbaver's  Ford,  (abore  wbici) 
the  character  of  tbe  river  ^rbidii  any  attempt  at  improvement,)  I eogtb  40 
miles $4,590.. 

For  that  part  lying  in  Tennessee,  length  120  milee 15,410. 

20,000 
Saperintendence,  contingencies,  &o.,  3f)  per  cent.. . ■■■ ■ 5,000. 

Total ^mi 

For  more  detailed  information  npon  this  subject  reference  should  be 
made  to  the  report  of  Assistant  Gordon,  which  is  hereto  appended ; 

BEFORT  OF  UR.  WtLLIAU  M.  OORDOK,  ASSISTANT  gNQINISER, 

PoweU'sEiTer  rU^in  Wi«  County,  Virginia,  and,  followinff  ft  general  Bonthveet 
coarse  thronulj  Lee  Connty,  Tirgmia,  enters  TennoBsee,  and,  either  passincr  throaiih  or 
touching  Hancock,  Cliiibonie,  Union,  Campbell,  and  Anderson  Counties,  empties  into 
Clinch  River  about  36  miles  above  Clinton.  The  priacipal  sfflnents  on  the  north  are 
Stone  Fork,  North  Fork,  Trafling  Creek,  Fonr  Mile,  Davis's  Creek,  and  Cedar  Creek  ■ 
and  on  the  south,  Station  Creek,  Wailen's  Creek,  Mnlberry  Creek,  and  Hoop  Creek' 
Many  smaller  ones  come  in  on  both  sides.  For  properly  aDderstaDdiDD  thecbaraoter 
of  the  river,  I  will  divide  it  ioto  four  sections,  aud  describe  them  iu  onler 
47  E 
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Section  I  embraces  that  portion  from  the  month  of  Sonth  Fork,  in  Wise  County,  to 
Shaver's  Ford,  in  Lee  County,  Vir^nia,  a  distance  of  about  30  miles. 

Section  11  inclndes  that  part  from  Shaver's  Ford  to  White  Shoals,  in  Lee  County, 
about  28  miles. 

Section  III  extends  from  White  Shoals  to  the  mouth  of  Hoop  Creek,  in  Claiborne 
County,  Tennessee,  a  distance  of  about  35  miles. 

Section  IV  embraces  the  part  from  Hoop  Creek  to  the  Junction  with  Clinch,  in  An- 
derson County,  Tennessee,  a  distance  of  some  96  miles. 

The  distances,  as  given  above,  were  merely  estimated,  the  estimates  being  based 
partly  on  my  own  Judgment  and  partly  on  information  derived  from  persons  living  on 
the  river.    To  correct  any  supposed  error,  the  figures  should  be  increased. 

Beginning  at  the  mouth  of  Sonth  Fork,  the  river  for  the  first  6  miles  is  about  125 
feet  wide,  varies  in  depth  from  2  to  5  feet,  has  a  moderate  current,  no  abrupt  bends, 
and  few  obstructions.  We  here  reach  Ollinger's  MtU-dam,  with  a  fall  of  about  6  feet. 
From  this  point  a  marked  change  takes  place  in  the  character  of  the  river;  the 
channel  becomes  contracted ;  the  shoals  and  rapids  are  greatly  multiplied,  the  fall 
being  much  greater ;  many  short  and  abrupt  bends  occur,  with  perpendicular,  jagged 
limestone  clins  opposite  the  points ;  great  numbers  of  bowlders  have  fallen  £h>m  the 
bluffs  and  lie  strewn  along  the  bed ;  numerous  islands  obstruct  the  water-way,  divid- 
ing it  into  very  narrow  channels ;  and,  within  a  distance  of  25  miles,  five  mill-dams 
are  met  with,  having  an  aggregate  fall  of  30  feet.  Boats  have  never  run  on  this  por- 
tion of  the  river,  as  far  as  I  could  learn.  The  affluents  are  small,  making  it  appear 
that  the  mills  are  a  necessity  in  their  present  position.  A  large  amount  of  money 
would  be  required  to  clear  out  the  obstructions  and  build  aprons  to  the  dams,  and  if 
all  other  obstacles  were  removed,  the  current  is  so  rapid  and  the  bends  so  sharp  that  I 
think  few  persons  would  be  found  bold  enough  to  trust  their  propertv  to  be  carried 
over  this  part  of  the  river.  The  farmers  living  on  the  upper  part  find  ready  sale  for 
their  surplus  productions  to  the  citizens  of  Wise,  and  those  living  lower  down  can 
easily  haul  their  produce  8  or  10  miles  to  Shaver's  Ford. 

In  view  of  these  facts,  I  have  not  included  Section  I  in  my  estimate,  but  have  con- 
sidered Shaver's  Ford  as  the  proper  head  of  navigation. 

From  Shaver's  Ford,  the  beginning  of  Section  II,  the  river  is  still  rather  narrow  for 
8  or  10  miles ;  but  the  current  is  much  less  rapid,  very  few  islands  are  met  with,  the 
bends  are  more  gradual,  and  few  obstacles  are  found.  Fifteen  or  20  boats  leave 
here  annually.    Tne  river  gradually  widens  and  deepens  until  we  reach  White  Shoals. 

At  this  point  the  river  turns  more  to  the  west,  and  runs  more  nearly  through  the 
center  of  the  valley.  To  the  month  of  Hoop  Creek  it  is  broad  and  deep,  with  little 
current ;  the  shoals  have  inconsiderable  fall,  except  at  a  few  places,  notably  the  Bag- 
string  and  Parrot's  Chute ;  the  bends  are  very  gnidual  and  sweeping,  and  for  almost 
the  entire  distance  we  have  a  beautiful  river. 

From  Hoop  Creek  to  its  Junction  with  Clinch  the  river  is  still  broad,  bnt  not  so 
deep ;  the  fall  becomes  ^eater  than  in  the  last  section,  with  an  almost  continuously 
brisk  current,  which  at  times  becomes  rapid ;  the  Islands  are  more  numerous  and  the 
navigation  more  dangerous. 

Powell's  River,  running  as  it  does  through  the  mountains,  is  necessarily  very  tor- 
tuous, bends  occurring  at  every  few  hundred  yards,  and  sometimes,  as  at  Nevel's  Shoals, 
after  running  a  distance  of  3  miles,  returns  so  nearly  upon  itself  that  the  space  across 
the  neck  is  only  a  few  hundred  feet. 

OBSTKUCTIONS. 

In  1845  the  State  of  Tennessee  expended  within  her  limits  about  (7,000  In  the 
removal  of  some  of  the  most  dangerous  rocks  and  fish-dams,  and  in  building  wing- 
dams  at  some  of  the  islands  and  shoals. 

A  considerable  amount  of  work  was  done,  and  the  navigation  was  greatly  improved. 
The  boatmen  in  Virginia  banded  tojjpther  a  few  years  ago  and  removed  some  of  the 
most  dangerous  obstacles,  thus  showing  a  disposition  to  help  thems^ves.  Still,  much 
remains  to  be  done.  Large  masses  of  rock  have  become  detached  from  the  cliffs  and 
fallen  into  the  river ;  fish  dams  and  traps  have  been  rebuilt  in  defiance  of  law,  and  the 
wing-dams,  originally  built  of  the  round  bowlders  found  in  the  river,  and  on  too  small 
a  scale,  have  in  most  cases  been  entirely  destroyed  by  drift-logs  and  the  current. 

The  obstructions  now  found  in  the  river  may  be  classified  as  follows : 

Ledges  of  rock  running  across  the  river,  and  showing  sharp  points  above  low  water. 

Large  bowlders  that  have  fallen  from  tne  bluffs. 

Shoals  of  smaller  bowlders  and  gravel. 

Islands  dividing  the  water-way  into  narrow  channels. 

Rocky  points  extending  into  the  river  at  the  bends,  and  mostly  covered  with  small 
trees  and  orush. 

Leaning  trees  and  hanging  limbs;  snags. 

Fish  dams  and  traps. 

Mill-dams. 
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PLAN  OF  IMPROVEMENT. 

The  ledges  of  rock  which  cross  the  river  in  very  many  places  are  mostly  limestone ; 
some  sandstone  was  found.  These  ledges  have  points  more  or  less  sharp,  projecting 
above  ordinary  low  water  to  the  height  of  a  foot  or  more,  and  are  very  dangerous ;  they 
should  be  broken  down  by  the  hammer  and  wedge,  or  by  blasting  to  the  low-water 
mark. 

The  large  bowlders  have  fallen  from  the  cliffs,  loosened  by  the  action  of  water  and 
frost,  and  lie  scattered  along  the  whole  length  of  the  river.  These  should  be  broken 
up  with  powder,  and  the  fragments  removed  to  the  bank,  except  when  they  faU  into 
deep  water. 

Tne  larger  bowlders  (those  that  show  above  ordinary  low  water)  found  on  the  shoals 
should  be  moved  out  of  the  channel ;  this  can  readily  be  done  by  hand.  At  most  of 
the  islands  and  some  of  the  shoals,  as  at  Potut's  Island,  Farley's  Shoals,  Parrett's  Chute, 
mouth  of  Mulberry,  Hook  Creek.  NevePs  Shoals,  Cox's  Shoals,  Jack  Nantz's  Shoal, 
Island  Ford,  Bradin's  Shoals,  Bauer's  Tow-head,  Ridenhour's  Island,  and  Poor  Horse 
Island,  wing-dams  should  be  built  to  turn  the  water  into  the  boating  channel. 

Many  of  the  points  at  the  bends  project  into  the  river,  lessen  the  water-way,  and 
force  boats  to  make  too  wide  a  circuit,  thus  rendering  them  liable  to  be  thrown  on  the 
opposite  bank  below.    Their  removal  would  greatly  lessen  the  dangers  of  navigation. 

Leaning  trees  and  hanging  limbs  are  found  at  almost  all  the  points,  and  on  many  of 
the  stretchers,  especially  in  the  upper  river.  Their  removal  is  a  necessity.  The  trees 
should  be  felled,  trimmed  of  their  branches,  and  then  cut  up  into  pieces  10  feet  in 
length,  to  be  borne  off  by  the  tides  and  deposited  out  of  the  way  of  boats. 

Snags  are  frequently  found,  especially  in  the  lower  river.  Almost  all  persons  in 
clearing  the  banks  merely  cut  the  trees,  allowing  them  to  fall  with  tops  in  the  water, 
the  butts  resting  on  the  land,  and  to  remain  in  this  condition  until  tne  first  rain-tide 
swings  them  off  The  whole  trees  float  slowly  down  the  stream,  to  be  caught  probably 
on  the  first  shoal  or  in  the  first  eddy,  and  form  dangerous  snags.  These  should  be  re- 
moved, and  it  should  be  made  imperative  on  all  persons  cutting  trees  into  the  river  to 
lop  off  all  the  limbs,  and  cut  the  trunks  into  lengths  not  exceeding  10  feet,  so  that, 
when  the  water  rises,  the  parts  would  separate  and  be  deposited  where  they  could  do 
no  harm. 

In  the  most  dangerous  class  of  obstructions  must  be  placed  fish  dams  and  traps,  gen- 
erally built  by  irresponsible  and  ignorant  persons  having  a  total  disregard  for  the 
rights  and  the  safety  of  the  property  of  others.  The  traps  are  often  placed  in  the  best 
boating  channel ;  and  being  built  and  repaired  in  low- water  season,  boatmen  have  no 
means  of  knowing  where  they  are  until  a  fatal  accident  occurs.  I  found  no  less  than 
sixty -five  traps,  old  and  new,  m  the  navigable  portion  of  the  river.  Boatmen  generally 
prefer  one  of  the  several  chutes  around  islands  and  over  shoals,  but  it  is  not  always 
possible  to  choose;  the  wind  may  blow  them  off,  or  an  oar  may  break  in  working  into 
the  proper  position  to  enter  the  selected  channel,  and  it  may  then  be  necessary  to  run 
the  other,  which  should  be  unobstructed  as  far  as  possible.  Hence  all  dams  and  traps 
should  be  removed,  and  it  should  be  made  a  penal  offense  for  any  person  to  build 
another  one  in  any  part  of  the  river. 

I  found  three  mul-dams  in  partial  decay,  and  one  in  repair  below  Shaver's  Ford. 
The  latter  is  attached  to  a  saw-mill  belonging  to  Mr.  Frank  HoUiday,  in  Ijce  County, 
and  has  a  fall  of  4  feet.  Mr.  HoUiday  was  not  at  home,  but  I  learned  the  dam  was 
erected  about  1872,  twenty-five  years  after  the  river  was  first  used  for  boating  purposes. 
The  mill  is  a  mere  frame  structure  and  the  business  moderate.  I  learned  also  that  suit 
was  brought  to  compel  its  removal,  and  HoUiday  had  ^iven  bond  in  the  sum  of  $5,000 
to  make  good  any  loss  that  may  be  caused  by  its  erection.  No  accident  has  occurred, 
for  the  simple  reason  that  boatmen  prefer  to  wait  for  a  high  tide  to  running  any  risk, 
as  it  is  more  than  probable  that  should  a  boat  be  broken  up  on  it,  long  and  vexatious 
litigation  would  result  before  damages  could  be  recovered.  I  saw  bnt  one  man  who 
spoke  of  it  with  favor,  and  he  lives  and  does  business  below  the  dam.  Of  course  it 
does  not  interfere  with  his  operations.  I  spoke  to  several  boatmen  on  this  subject,  and 
all  told  me  they  approach  it  at  aU  times  with  dread,  and  thank  their  good  fortune  when 
it  is  passed  in  safety.  There  is  a  considerable  faU  jnst  below  the  dam,  and  the  water 
is  drawn  off  rapidly,  thus  rendering  it  more  dangerous. 

I  recommena  its  removal,  for  it  seems  to  me  useless  to  spend  money  on  minor  ob- 
structions and  leave  the  most  serious  one  intact. 

I  would  recommend  that  landing-places  be  prepared  for  boats  every  6  or  8  miles. 
These  landings  would  be  a  great  convenience — in  fact,  are  a  necessity,  for  boats  are 
sometimes  lost  in  attempting  to  land  at  unsuitable  places  on  the  approach  of  night  or 
during  high  winds.  I  would  merely  select  some  soft  bank,  where  there  is  eddy- water, 
and  remove  the  trees,  brushes,  stumps,  &o.,  for  an  area  of  say  150  feet  long  by  20  feet 
wide.  This  would  be  ample ;  for  as  each  boat  arrives  it  could  be  brought  to  the  bank, 
stopped,  and  then  dropped  down  the  stream,  making  room  for  others  that  might  fol- 
low.   In  the  present  condition  of  the  river,  boats  frequently  have  to  stop  an  hour  or 
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two  before  sundown,  or  run  after  night,  which  is  always  attended  with  danger,  to  find 
a  suitable  landing-place.    The  cost  would  be  a  mere  trifle. 

COST  OP  IMPROVEMKXT. 

In  estimating  the  cost  of  improvement  I  think  it  best  to  consider  the  amounts  re- 
quired in  the  two  States  separately. 

Estimate  of  009t  of  improving  PowelVs  River  in  Tirginiayfor  hlgh-vater  navigation  hyftat- 

boats,  a  distance  of  about  40  miles. 

Removing  ledges .^.... $100 

Removing  large  bowlders 580 

Removing  sm^  bowlders  from  shoals 360 

Removing  rocky  points,  and  cutting  leaning  trees  and  hanging  limbs 1, 000 

Removing  fish-dams  and  traps 200 

Removing  mill-dams 750 

Removing  snags 50 

Building  wing-dams,  500  cubic  yards 1,500 

Cutting  trees  and  grubbing,  for  landings 50 

4.590 


Estimate  of  cost  cf  improving  PovoelVs  River  in  Tennessee  for  a  distance  of  about  120  miles. 

Removing  ledges $1,430 

Removing  large  bowlders 1,320 

Removing  small  bowlders  from  shoals 750 

Removing  rocky  points,  and  cutting  leaning  trees  and  hanging  limbs 540 

Removing  fish-dams  and  traps  ■ 2b0 

Removing  snags 250 

Removing  mUl-dams 80 

Building  wing-dams,  3,520  cubic  yards 10,560 

Cutting  trees  and  grubbing,  for  landings 200 

15, 410 
Summary. 

Estimate  of  cost  of  improvement  in  Virginia $4,590 

Estimate  of  cost  of  improvement  in  Tennessee 15,410 

20,000 

Contingencies,  10  per  cent 2,000 

Engineerings  and  supervision 2,000 

Total  cost 24.000 

RESOURCES  OF  THE  COUNTIES  CONTIGUOUS  TO  POWELL*S  RIYBR. 

The  country  drained  by  Powell's  River  and  its  tributaries  is  rich  and  productive,  em- 
bracing some  of  the  finest  farming-lands  in  Southwestern  Virginia  and  Northeastern 
Tennessee.  Wheat,  com,  oats,  bacon,  and  other  farm-products  are  shipped  annually  in 
large  quantities ;  nqt  less  than  125 flat-boats,  with  cargoes  valued  at  from  |800  to  $5,000, 
come  out  of  Powell's  River  every  winter  and  spring.  Pig-iron  is  shipped  from  the  Cum- 
berland Gap  furnace  to  Chattanooga  by  this  route.  Valuable  timber  is  found  on  the 
whole  length  of  the  river;  large  quantities  are  rafted  out  every  year.  Coal  is  found 
in  abundance,  but  no  effort  has  been  made  to  ship  it,  in  consequence  of  high  rates  of 
freight. 

The  following  table  is  made  from  the  census  returns  of  1870,  and  shows  in  part  the 
productions  of  the  counties  along  the  river : 


Comities. 


Lee,VirglD{ft 

Hancock,  Tennessee. 

Claiborne 

TJnlon 

Campbell 

Anderson 


Popnla- 


r'opni 
tion. 


13.968 
7,148 
9  3S1 
7,605 
7,445 
8,704 


Totals 53,491 


Wheat. 


BusTl 
81,600 
33,900 
33,900 
39,600 
18,400 
33,900 


300,300 


Com. 


Bush. 

368,000 

904,000 

905,000 

168,600 

137,000 

363,000 


1,335,600 


Oato. 


Bush. 
67,000 
41,300 
59,000 
69,800 
65,300 
73,000 


375,300 


Potatoes. 


Bush. 
18,300 
13,900 
15.000 

(*) 
13,500 
33,000 


Wool. 


Lbs. 

31,800 

13,900 

15,300 

10,600 

18.000 

13,000 


81, 600        86, 600 


Tobacco. 


Lbs. 

(*) 
9,978 

4,88? 
14,169 

8,509 
15.578 


53,061 


*  Not  given. 
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From  extended  inquiries  I  am  inclined  to  think  the  production  of  cereals  has  greatly 
increased'in  the  last  two  or  three  years. 

REASONS  FOR  THE  IMPROVEMENT. 

The  people  living  in  Powell's  Valley  are  literally  surrounded  by  mountains,  except 
to  the  southward.  They  have  the  Cumberland  Mountains  on  the  west,  Wallen's  Kidge 
and  Clinch  Mountains  on  the  east,  and  the  high  watershed  which  divides  the  waters  of 
Powell's  River  from  those  of  Bandy  on  the  north.  There  are  no  railroad  facilities ; 
wagon  transportation  east,  north,  or  west  is  entirely  out  of  the  question,  and  they  are 
absolutely  dependent  on  Powell's  River  for  an  outlet  to  market.  Neither  Virginia  nor 
Tennessee  is  able  to  undertake  any  plan  looking  to  the  improvement  of  the  river,  and 
the  people  have  helped  themselves  as  far  as  they  are  able.  In  the  present  condition  of 
the  river  5  and  6  feet  rain-tides  are  necessary  to  enable  boats  to  make  the  trip  down, 
and  the  annual  loss  of  property  is  something  over  6  per  cent.  It  sometimes  happens 
that  only  two  or  three  of  these  boating  tides  occur  during  the  season,  consequently 
much  produce  is  left  in  the  country,  to  the  great  loss  of  farmers,  for  every  man  cannot 
build  and  run  a  boat.  If  the  suggested  improvements  are  made,  boats  could  run  out 
on  3^  or  4  feet  tides  with  less  danger  than  now  threatens,  the  season  of  navigation 
would  be  prolonged,  and  advantage  taken  of  a  favorable  market. 

W.  M.  Gordon, 
Aesiatant  Engineer, 

M^or  Walter  McFarland, 

Corps  of  Engineers. 


EXAMINATION  OP  CLINCH  RIVER  FROM  THE  MOUTH  OF  INDIAN,  IN 
TAZEWELL  COUNTY,  VIRGINIA,  TO  THE  JUNCTION  OF  CLINCH  AND 
POWELL'S  RIVERS,   TENNESSEE. 

This  report  covers  also  the  examination  of  the  remaining  part  of  the 
Clinch  Kiver,  extending  from  the  month  of  Powell's  Eiver  to  the  Ten- 
nessee Biver,  a  distance  of  about  106  miles,  ordered  by  the  same  act  of 
Congress,  in  the  clause  directing  the  examination  of  Powell's  Biver. 

From  the  mouth  of  Indian  Creek,  which  it  receives  from  the  north,  in 
Tazewell  County,  Virginia,  the  Clinch  Biver  flows  in  a  southwesterly 
direction  for  nearly  400  miles  to  its  junction  with  the  Tennessee  Biver, 
165  miles  of  its  course  lying  in  the  State  of  Virginia,  and  230  miles  of  it 
in  the  State  of  Tennessee. 

Powell's  Biver  enters  it  from  the  north  at  a  point  about  106  miles 
above  its  mouth. 

Like  Powell's  Biver,  the  Clinch  is  almost  surrounded  by  ridges  and 
spurs  of  the  Cumberland  Mountains,  which  render  its  valley  almost  in- 
accessible, and  the  general  characteristics  of  the  two  streams  and  of  the 
regions  through  which  they  flow  are  the  same. 

The  Clinch,  like  Powell's  Biver,  is  narrow,  crooked,  made  up  of  pools 
and  shoals,  and  obstructed  by  rocky  ledges  and  points,  bars  and  shoals 
of  gravel,  scattered  bowlders,  snags,  mill-dams,  fish-traps,  and  over- 
hanging trees. 

It  has  the  same  seasons  of  high  and  low  water,  the  boating  tides  oc- 
curring only  in  the  winter  and  spring  months,  with  the  same  irregularity 
and  uncertainty  as  in  Powell's  BiVer,  and  with  the  same  consequent  in- 
jury to  the  farmers  when  these  tides  are  not  numerous  enough  to  enable 
them  to  remove  their  entire  crops. 

The  valley  is  equally  fertile  and  rich  in  resources,  the  value  of  its 
farm-products  annually  exported  being  about  $2,000,000.  Over  150 
flat-boats,  with  cargoes  ranging  from  $1,000  to  $5,000  in  value, 
annually  descend  the  Clinch  on  boating  tides  of  5  or  6  feet.  The 
upper  part  of  the  river,  from  the  mouth  of  Indian  Creek,  in  Taze- 
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well  Coanty,  Yirginia,  to  hash's  Ford,  in  Bassell  Goanty,  Virginia,  a 
distance  of  75  miles,  is  not  sasceptible  of  improvement. 

Laden  flat-boats  have  passed  down  from  Nash's  Ford  to  Kingston,  on 
the  Tennessee  Biver,  at  the  month  of  the  Clinch,  a  distance  of  320  miles ; 
but  Osbom's  Ford,  in  Scott  County,  Virginia,  55  miles  farther  down 
and  35  miles  by  river  from  the  boundary-line  between  Virginia  and  Ten- 
nessee, is  regarded  as  the  head  of  high- water  navigation  on  the  Clinch* 
It  has  no  low- water  navigation.  No  part  of  the  river  can  be  fitted  for 
low- water  navigation,  except,  perhaps,  the  part  lying  below  Walker's 
Ferry,  in  Grainger  County,  Tennessee,  145  miles  above  the  month  of  the 
Clinch.  It  is  possible  that  from  here  to  Clinton,  a  distance  of  74  miles, 
a  low- water  depth  of  1^  feet,  and  from  Clinton  to  the  mouth,  a  distance 
of  70  miles,  a  low-water  depth  of  2  feet,  might  be  secured ;  bnt  this 
question  can  be  settled  only  by  making  a  careful  survey  of  ttiis  part  of 
the  river.  At  present  there  appears  to  be  no  necessity  for  any  such 
improvement,  even  if  it  be  fonnd  practicable  to  make  it. 

AH  that  can  or  should  be  done,  then,  for  the  present,  is  to  improve  the 
high- water  navigation  of  this  river,  so  that  there  shall  be  less  difficulty 
and  danger  in  bringing  out  cargoes,  and  so  that  rain-tides  of  3  or  4  feet 
may  be  made  use  of  for  boating  purposes. 

This  can  be  done  by  breaking  off  the  points  of  rocky  ledges,  blasting 
and  removing  the  bowlders  which  are  in  the  way  of  boats,  deepening 
the  channels  over  some  of  the  bars,  removing  fish-traps,  mill-dams,  snags 
and  overhanging  trees*  and  contracting  the  channel  occasionally  by 
the  use  of  wing-dams.  This  improvement  should  begin  at  Nash's  Ford, 
and  should  extend  to  the  mouth  of  the  Clinch,  320  miles. 

The  estimated  cost  of  it  is  as  follows : 

Nash's  Ford  to  the  bonndary-line  between  Virginia  and  Tennessee,  90  miles ..  $14, 100 
Boundary-line  to  mouth  of  Clinch,  230  miles 21,120 

35,220 
Contingencies,  &c.,  25  per  cent 8,805 

Total 44.025 

For  further  information  as  to  the  examination  of  this  river,  reference 
may  be  made  to  the  report  of  assistant  engineer  William  M.  Gordon, 
which  is  sent  herewith : 

REPORT  OF  MR.  WILLIAM  M.  GORDON,  ASSISTANT  ENGINEER. 

Having  completed  the  field-work  on  Powell's  River  July  14, 1  immediately  started 
for  the  month  of  Indian,  in  TazeweU  Coanty,  Virginia,  to  hegin  the  examination  of 
the  Clinch ;  but  the  floods  of  July  occurring,  it  was  not  until  the  9th  of  August  that 
the  river  was  sufSciently  low  and  clear  for  tne  work  to  be  commenced.  The  trip  down 
the  river  was  made  in  a  canoe  guided  by  two  men.  Clinch  Biver  rises  in  Taaewell 
CountVj  Virginia,  and  flowing  southwest  through  Bussell  and  Scott  Counties  entera 
flawkms  County,  Tennessee,  and  continuing  the  same  general  course  passes  through 
or  touches  Hancock,  Claiborne,  Grainjzer,  Union,  Campl^ll,  Anderson,  Knox,  and  Loo- 
don  Counties,  and  empties  into  the  Tennessee  Biver  at  Kingston,  in  Boane  County. 
Its  principal  affluents  are  Indian,  Bull  Creek,  Guest's  Biver,  Strong  Creek,  North  Fork, 
Svcamore  Creek,  Powell's  Biver,  Poplar  Creek,  and  Emory  Biver  on  tlie  north,  aod 
Maiden  Spring  Fork,  Big  Cedar  Creek,  Copper  Creek,  Big  War  Creek,  and  Bull  Bun  on 
the  south.  Many  smaller  streams  flow  in  m>m  either  side.  For  convenience  of  desciip- 
tion  and  reference  the  river  may  be  divided  into  four  sections. 

Section  I  includes  that  part  from  the  mouth  of  Indian,  in  Tazewell  County,  to  Nash's 
Ford,  in  Bussell  County,  Virginia,  a  distance  of  about  75  miles. 

Section  II-  extends  ftom  Nash's  Ford  to  Osbom's  Ford,  in  Scott  County,  Virginia, 
about  55  miles. 

Section  III  embraces  that  portion  from  Osbom's  Ford  to  Walker's  Ferry,  in  Grainger 
County,  Tennessee,  a  distance  of  about  120  miles. 


REPORT  OF  THE  CHIEF  OF  ENGINEERS,         743 

Section  IV  inolndes  the  remaiDin^  part  of  the  river  to  Kingston,  abont  145  miles. 

In  the  npper  portion  of  section  I  the  river  is  narrow  ana  shallow,  nothing  more 
than  a  large  creek.  Beceivins  the  Maiden  Spring  Fork  and  other  streams,  it  increases 
in  size  and  assumes  a  bolder  character;  the  mil  becomes  much  greater,  the  bends  very 
abrupt,  and  in  many  places  where  the  river  passes  around  the  north  end  of  Copper 
Ridge,  the  water  dashes  over  the  ledges  and  down  the  falls  with  the  force  and  rapidity 
of  a  mountain-torrent,  entirely  precluding  the  possibility  of  safe  navigation. 

At  Nash's  Ford,  which  is  about  6  miles  nortn  of  Lebanon,,  the  county-seat  of  Rus- 
sell County,  a  s^eat  change  takes  place ;  the  river  becomes  broad,  the  pools  long  and 
deep,  with  little  current,  the  fall  on  the  shoals  moderate,  the  bends  are  gradual,  and 
for  40  miles  we  have  a  fine  stream.  The  first  obstruction  of  any  importance  is  "  The 
Falls."  This  is  a  ledge  of  rock  crossing  the  river  at  the  foot  of  a  large  pool ;  it 
crosses  at  an  ancle  of  about  45^  and  has  a  fall  of  3  feet.  The  current  is  not  rapid 
either  above  or  below,  and  the  water  is  not  drawn  off  rapidly.  Persons  living  near 
told  me  that  during  what  would  be  called  a*moderate  boating-tide  no  great  disturbance 
is  occasioned  by  it.  It  can  be  easilv  improved  for  navigation.  The  next  obstacle  of 
impprtance  is  at  Hanging  Rock  Falls.  The  river  here  is  impeded  by  very  large  masses 
of  rock  that  have  fallen  firom  the  cliffo  on  either  side ;  the  removal  of  these  to  low- 
water  mark  would  make  it  entirely  safe,  the  fall  being  nowhere  abrupt  and  only 
abont  2  feet  in  100  feet,  with  eddy -water  below. 

The  river  now  becomes  narrower  and  rougher,  having  Pine  Ridge  on  the  left  and  the 
Bull  Creek  Hills  on  the  right.  For  a  distance  of  4  or  5  miles  the  pools  are  shorter, 
the  fall  on  the  shoals  is  much  greater,  the  current  in  some  places  being  very  rapid ; 
large  bowlders  are  numerous,  and  rock-points  jut  out  into  the  river,  but  there  are  no 
abrupt  bends  such  as  occur  in  the  upper  river,  and  no  physical  conditions  exist  to 
prevent  its  improvement  for  safe  navigation.  Mr.  Samuel  Nash,  who  lives  near  Nash's 
rord,  told  me  his  father,  about  1820,  sent  from  that  point  two  flat-boats  loaded  with 
com  to  Kingston,  and  in  1824,  when  his  death  occurred,  was  preparing  to  build  four 
others  to  mskke  the  same  trip. 

Several  families  have  moved  from  Russell  County  to  the  West  via  the  Clinch  and 
Tennessee  Rivers,  thus  showing  that  this  portion  of  the  river  in  its  unimproved  condi- 
tion has  been  used  with  success.  To  Osbom's  Ford  the  river  is  in  good  condition. 
The  improvement  of  this  section  would  give  eas^  and  cheap  outlet  to  a  large  and  pro- 
ductive portion  of  Russell  County,  now  practically  cut  off  from  market.  Osbom's 
Ford,  in  Scott  County,  is  practically  the  head  of  navigation.  For  the  first  50  miles  ot 
this  section  the  river  is  generally  broad  and  deep,  with  few  shoals  and  little  fall,  ex- 
cept at  **  The  Rounds,"  and  over  Rogers's  Shoals.  Then  for  30  miles  it  passes  be- 
tween Copper  Ridge  on  the  left  and  Chestnut  Ridge  on  the  right,  and  is  known  as  the 
30-mile  Shoal.  The  river  through  the  ridges  is  still  wide,  but  not  so  deep  as  above, 
and  has  more  fall,  but  no  obstacles  of  a  serious  character  are  found.  After  passing  the 
ridges  the  river  widens  and  deepens  and  the  fall  becomes  less  to  Walker's  Ferry. 

From  Walker's  Ferry  to  Kingston  there  is  the  usual  succession  of  pools  and  shoals  *, 
a  greater  number  of  islands  is  seen,  but  no  very  serious  obstructions  are  met  with. 

In  1845,  the  State  of  Tennessee  expended  $10,000  in  improving  Clinch  River  from 
the  State  line  to  its  mouth,  but  the  work  was  not  thoroughly  done.  Many  bowlders 
have  fallen  in  since  or  were  not  moved  at  the  time,  fish-traps  and  mill-dams  have  been 
built,  the  wing-walls  erected  have  been  washed  away,  ana  at  present  the  eRtimated 
amount  of  money  could  be  very  profitably  expended.  In  1872  the  legislature  of  Virginia 
granted  a  charter  to  the  Clinch  River  Improvement  Company,  but  gave  no  money. 
About  |1,000  have  been  expended  by  the  company  within  the  limits  of  the  State,  and 
much  good  has  been  accomplished. 

Only  one  mill-dam  was  found  between  Nash's  and  Osbom's  Fords.  This  is  at  Ruin 
Island,  about  2  miles  above  the  latter  place,  and  is  a  mere  loose-rock  structure.  From 
Osbom's  Ford  to  the  Tennessee  line  there  are  two  mill-dams  belonging  to  George  Craft 
and  Claiborne  Neelev,  respectively.  Craft's  dam  is  located  at  the  head  of  a  shoal,  is 
from  J^  to  3  feet  high,  and  runs  partly  across  and  down  the  stream ;  it  supplies 
water  for  a  grist  and  saw  mill  built  about  thirty  years  ago.  Businiss  moderate. 
Neeley's  mill  is  a  small  sash-saw  affair  built  about  four  years  ago.  The  Clinch 
River  Improvement  Company  tore  down  a  portion  of  the  dam  two  years  ago,  but  last 
winter  a  boat  loaded  with  grain  was  lost  by  striking  upon  it.  Suit  was  instituted  by 
the  owners,  and  the  value  of  the  boat  was  recovered  j  another  suit  for  the  recovery  of 
the  value  of  the  grain  is  still  in  progress.  This  dam  is  very  dangerous,  being  built  at 
the  head  of  a  baid,  rocky  shoal,  with  considerable  fall,  and  from  which  the  water  is 
drawn  off  rapidly.    In  Tennessee  two  small  dams  were  passed. 

The  obstructions  found  in  the  Clinch  are  of  the  same  character  as  those  noticed  in 
Powell's  River. 

The  same  classification  and  the  same  plan  of  improvement  may  be  adopted,  and  it 
only  remains  to  estimate  the  cost  of  removal. 
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Eiiimate  cost  of  improving  Clinch  Biverfor  fiat-hoat  navigation  at  high  waUr^from  Xaah^s 
Ford,  in  Buasell  County,  to  Osbom^a  Ford,  in  Scott  Countg,  Virginia,  a  distance  of  about 
50  miles.  ^ 

•Removing  ledges |1,970  00 

'Removing  large  bowlders 2,630  00 

^Removing  smaller  bowlders  from  shoals 585  00 

Removing  rocky  points  and  cutting  leaning  trees  and  hanging  limbs 2, 660  00 

Removing  filsh-traps  and  dams 80  00 

Removing  snags , •..*• 50  00 

Removing  mill-dam 25  00 

Bailding  wing-dams 4,960  00 

Catting  trees  and  grabbing  for  landings 30  00 

12,990  00 

Le'lmate  of  coat  of  improving  Clinch  River  from  Oebom^e  Ford  to  the  Tennessee  Une,  about  35 

miles. 

Removing  ledges .«.  flO  00 

Removing  large  bowlders 345  00 

Removing  smaller  bowlders  from  shoals 75  00 

Removing  rocky  points  and  catting  leaning  trees  and  hanging  limbs 10  00 

Removing  fish-dams  and  traps :....  30  00 

Removing  snags €0  00 

Removing  mill-dams 650  00 

Catting  tree-s  and  gnibbirg  for  landings 30  00 

1, 110  00 


Estimatid  cost  of  improving  Clinch  River  from  the  Tennessee  Une  to  Kingston,  about  230 

miles. 

Removing  ledges $650  00 

Removing  large  bowlders 1,200  00 

Removing  smaller  bowlders  from  shoals 150  00 

Removing  rocky  points  and  catting  leaning  trees  and  hanging  limbs 100  00 

Removing  fish-traps  and  dams 300  00 

Removingsni^s 500  00 

Removing  mill-dams 120  00 

Bailding  wing-dams 17,850  00 

Catting  trees  and  grabbing  for  landings 250  00 

21,120  00 
Summary. 

Estimate  of  cost  from  Nash'8  to  Oibom's  Ford,  55  miles |12,  d90  00 

Estimate  of  cost  from  Osbom's  Ford  to  Tennessee  line,  35  mile? 1, 110  00 

Cost  in  Virginia 14,100  00 

Cost  in  Tennessee 21,120  00 

35,220  00 

Contingencies,  10  per  cent 3,520  00 

Engineering  and  supervision 2,000  00 

Total  cost 40.740  00 

The  following  table,  compiled  from  the  censns  returns  of  1870,  shows  some  of  the 
productions  of  the  counties  contiguous  to  Clinch  River  : 


CoimtieB. 

Popnla- 
tion. 

Wheat 

Con. 

Oats. 

Potatoes. 

WooL 

Tobacca 

Rassell,  Yirginia 

Scott,  Virflrinia 

11, 103 
13,036 
15,837 
IS,  431 
15.  OSS 

BuaheU. 
41,000 
53,600 
138,900 
78,100 
74,800 

B\uihAt. 
906,000 
8SS.000 
466,500 
153,300 
504,600 

BuahAa. 
X.GOO 
68.700 

119,300 
86,000 

119,000 

9.000 
13,000 
18,800 
90,300 
94,400 

Poundi. 
97,000 
94,900 
96,100 
16,000 
14,000 

FowndM. 
17,989 
16,557 

Hawkins,  Tennessee 

Ondnger,  Tennessee 

Koane.  Tramessee 

19,370 

16,646 

350 

X^ondon,  (new  ooantv) ...... 

Total * 

68,019 

386,400 

1,559,400 

435,000 

85,500 

107.300 

63,905 
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The  same  reasons  ma^  be  urged  for  the  improvement  of  the  Clinch  as  were  given 
in  my  remarks  on  Powell's  River.  Clinch  Valley  runs  parallel  with  Powell's  Valley, 
and  is  in  like  manner  inclosed  by  mountains,  and  all  produce  must  seek  a  market  by 
Clinch  River. 

About  150  flat-boats  come  out  of  Clinch  River  annually,  and  there  is  a  loss  of  about 
6  per  cent,  from  accidents.  A  large  number  of  rafts  are  also  brought  down,  but  even 
an  approidmate  estimate  of  the  quantity  of  lumber  produced  cannot  be  made  for  want 
of  proper  data.    Coal  and  iron  abound. 


Major  Walter  McFarlaxd, 

Corps  of  Engineers. 


W.  M.  Gordon, 

Assistant  Engineer. 


EXAMINATION  OF  CLINCH  RIVER  BELOW  THE  MOUTH  OF  EMORY 
RIVER,  AND  EMORY  RIVER  ABOVE  ITS  MOUTH,  (FOR  THE  REMOVAL 
OF  BARS,)  TENNESSEE. 

Emory  Biver  is  a  small  stream  which  flows  from  the  north  and  enters 
the  Clinch  Biver  4  miles  above  its  month. 

Barton's  Landing,  7^  miles  above  the  mouth  of  Emory  Biver,  is  the 
head  of  navigation,  although  on  very  high  rain-tides  steamers  have 
sometimes  passed  up  to  Emory's  Gap,  4  miles  above,  where  the  Cin- 
cinnati Southern  Bailroad,  now  in  course  of  construction,  is  to  bridge 
the  river.  Above  Barton's  Landing  there  are  numerous  falls  ia  the 
river.  Below  it  there  are  many  bowlder-bars,  with  fi^om  6  to  12  inches 
of  water  over  them.  If  the  river  were  improved  by  giving  it  channels 
GO  feet  wide  and  2  feet  deep,  it  would  be  necessary,  in  oMer  to  make 
them  available,  to  construct  a  wing-dam  800  feet  long  in  the  Clinch 
Biver,  below  the  mouth  of  the  Emory.  Tha  estimated  cost  of  this  work 
would  be — 

Improving  channels |10,500 

Wing-dam  in  Clinch 3,600 

J4, 100 
Contingencies,  &c.,  25  per  cent 3,525 

Total 17  625 

There  appears  to  be  no  good  reason  for  undertaking  this  improvement. 
An  iron-furnace  was  constructed  some  years  ago  at  Oakdale,  with  a 
landing  on  the  river  about  5  miles  from  the  mouth,  but  it  has  never 
been  used — at  least,  it  has  produced  no  iron. 

The  valley  does  not  appear  to  be  a  very  productive  one,  and  such  pro- 
duce as  it  sends  out  is  readily  carried  over  good  roads  to  Kingston,  on 
the  Tennessee,  only  7^  miles  distant  from  Barton's  Landing. 

No  public  interest  demands  the  improvement. 

For  details  of  the  examination  of  this  river,  see  the  report  of  assistant 
engineer  W.  M.  Gordon,  herewith. 


RKPORT  OF  MR.  WILLIAM  M.  GORDON,  ASSISTANT  ENGINEER. 

In  connection  with  Clinch  River,  it  was  made  my  daty  to  examine  Emory  Biver 
for  the  removal  of  bars. 

Emory  River  rises  in  Morgan  Coanty,  Tennessee,  and,  flowing  southeast,  empties 
into  the  Clinch  about  4  miles  above  Kingston ;  Little  Emery  is  the  principal  affluent. 
Barton's  store  and  landing,  7^  miles  above  the  mouth,  and  about  the  same  distance 
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by  waji^oD-road  from  EiDgston,  may  be  considered  the  head  of  nayi^tion,  as  at  this 
poiut  there  is  a  fall  of  1  foot  perpendicular,  with  namerons  shoals  and  falls  above. 
On  very  hieh  tides,  steamers  go  to  Emory's  Gap,  4  miles  above,  but  tho  river  is  narrow 
and  orookcS.  Such  trips  are  not  frequent.  The  Cincinnati  Southern  Railroad  will 
cross  the  river  at  the  gap. 

At  Cooper's  Landing,  1^  miles  below  Barton's,  is  a  store  and  hotel,  with  a  few  scat- 
tering houses.  Oakdale  Landing,  half  a  mile  below  Cooper's,  has  a  store-house  and  one 
dwelfing.  The  current  of  Emory  River  below  Barton's  Landing  is  very  sluggish ;  in 
fact,  except  at  two  places,  it  is  hardly  practicable.  The  water  m  the  pools  is  from  6 
to  15  feet  deep.  Numerous  bars  rise  suddenly  from  the  deep  water,  and  as  suddenly 
disappear.  These  bars  are  composed  of  rounded  bowlders,  from  6  to  18  inches  in  diam- 
ter,  though  near  the  mouth  much  larger  ones  are  found.  One  bar  is  200  feet  long,  with 
only  6  inches  of  water  on  it;  another  is  370  feet  long,  with  an  average  of  8  inches ;  and 
others  from  20  to  250  feet  in  length,  with  1  foot  of  water  at  low  summer  stage. 

Ledges  of  rock  cross  the  river  at  various  points,  but  nowhere  approach  the  surface 
nearer  than  2  feet,  except  at  the  mouth  of  Little  Emery  and  at  a  point  about  600  feet 
below.  At  the  former  place  the  bar  is  of  stratified  limestone,  95  feet  long,  extends  en- 
tirely across  the  river,  and  has  only  6  inches  of  water  on  it.  At  the  latter  place  the 
bar  IS  140  feet  long,  and  has  a  channel  depth  of  18  inches.  My  estimate  of  cost  is  based 
on  giving  a  low- water  channel  60  feet  wide  and  2  feet  deep.  Should  greater  depth  be 
required  the  cost  would  be  largely  increased,  as  many  bars  and  ledges  not  included  in 
the  present  estimate  would  have  to  be  considered.  To  enable  boats  to  reach  the  mouth 
of  Emory  River  a  wing-wall  about  800  feet  long  would  have  to  be  built  on  the  shoals, 
below  Green's  Ford,  on  Clinch  River. 

Estimate  of  coat  of  improving  Emory  River  from  BartorCe  Landing  to  its  junction  with  Clinch^ 
and  Clinch  River  from  the  mouth  of  Emory  to  the  Tennessee  River ^  to  give  2  feet  of  water 
at  low  summer  stage  11^  miles. 

Removing  ledges,  510  cubic  yards,  at  810 $5,100 

Removing  bars,  5,300  cubic  yards,  at  $1 5,300 

Removing  rocky  points 75 

Removing  leaning  trees  and  hanging  limbs 25 

Building  wing-wall  in  Clinch  River,  1,200  cubic  yards,  at  |3 3, 600 

14, 100 

Contingencies,  10  per  cent 1,400 

Engineering  and  supervision 1,000 

Total  cost 16,500 

Emory  Valley  does  not  seem  to  be  very  productive,  and,  from  all  I  could  learn,  no 
great  amount  of  produce  is  shipped.  Thero  has  been  greater  activity  on  the  river  this 
season  than  usual  in  the  transportation  of  supplies  for  the  contractors  on  the  Cincin- 
nati Southern  Railroad,  but  this  demand  is  only  momentary. 

About  1  mile  from  Barton's  Landing  aro  several  ooid-mines,  having  a  tram-way  to 
the  river,  but  no  special  activity  was  observed.  Several  years  ago  a  large  iron-furnace 
was  erected  about  4  miles  from  Oakdale  Landing,  but  has  produced  no  iron. 

In  view  of  the  fact  that  the  whole  of  Emory's  Valley  has  easy  access  by  wagon- 
transportation  to  Kingston  and  a  market,  and  that  only  very  limited  interests  are 
involved,  I  cannot  recommend  the  improvement  of  Emory  River. 

CONCLUDING  REMARKS. 

In  your  communication  of  June  22,  above  roferred  to,  I  find  the  following : 

^*  You  will  observe  that  in  the  instructions  relating  to  the  examination  of  the  Hia- 
wassee  and  Little  Tennessee  Rivers,  a  channel  depth  of  3  feet  at  low  water  is  spoken 
of.  This  is  the  depth  which  is  being  secured  for  the  Tennessee,  and  if  it  were  possible 
jt  would  be  well  to  secure  it  for  all  the  branches  of  the  Tennessee ;  and  this  you  will 
please  bear  in  mind  in  making  your  examinations  and  report  upon  the  possibility  of 
securing  this  depth  in  the  Clinch,  Emory,  and  Powell's  rivers,  or  the  possibility  of 
securing  a  depth  of  2^  feet  or  2  feet,  or  1^  feet  at  low  water.  Report  also  on  the  prob- 
ability or  improbability  of  securing  slackwater  navigation  on  these  rivers,  and  whether 
it  is  worth  while  to  attempt  a  survey  for  this  purpose." 

My  report  on  Emory  River  covers  these  points  so  far  as  that  river  is  concerned. 

The  fidl  in  the  lower  portion  of  Powell's  River  is  too  ^roat,  and  the  supply  of  water 
in  the  summer  and  fall  too  limited,  for  low-water  navigation,  and,  indeed,  I  see  no 
necessity  /or  attempting  to  secnro  it. 

From  Walker's  Ferry  to  Clinton  a  depth  of  1^  feet,  and  from  Clinton  to  Kingston  a 
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depth  of  2  feet  at  low  water  might  be  secured ;  bnt  this  fact  can  ooly  be  definitely 
determined  by  an  elaborate  survey,  involving  the  frequent  ganging  of  the  river  and 
making  nomerons  soundings  on  the  shoals. 

The  accomplishment  of  any  plan  of  improvement  looking  to  this  result  could  only  be 
secured  by  a  large  expenditure  of  money,  and  its  necessity  is  not  apparent,  though  I 
was  told  that  large  timber  used  in  the  construction  of  flat-bpats  is  becoming  scarce 
alon^  this  portion  of  the  river. 

Cbnton,  the  only  town  on  any  of  these  rivers,  is  connected  with  Knoxville  by  the 
Ohio  and  EnozviUe  Railroad.  The  railroad- bridge  over  the  Clinch  at  Clinton  is  a 
simple  Howe  truss  of  4  spans,  two  of  150  feet  ana  two  of  120  feet  each.  The  bottom 
chord  is  about  51  feet  above  low  water.    It  has  no  draw. 

Slackwater  navi^tion  could  be  secured  on  the  Clinch,  but  the  interests  involved 
do  not  seem  to  justify  the  expense,  and  I  see  no  necessity  for  making  a  survey  with  a 
view  to  such  improvement. 

W.  M.  Gordon, 
Assistant  Engineer. 

Major  Walter  McFarland, 

Corps  of  Engineers, 


APPENDIX  Q. 


ANNUAL  REPORT  OF  MAJOR  G.  WEITZEL,  CORPS  OP  ENGI- 
NEERS, FOR  THE  FISCAL  TEAR  ENDING  JUNE  30, 1876. 

United  States  Enqineeb  Office, 

Detroit,  Mich.y  July  12, 1876. 

General  :  I  have  the  honor  to  transmit  herewith  my  annaal  reports 
relating  to  the  works  of  river  and  harbor  improvements  under  my 
charge  for  the  fiscal  year  ending  June  30, 1876. 

I  am,  general,  very  respectfully,  your  obedient- servant, 

G.  Weitzel, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphbets, 

Chief  of  Engineers^  U.  8.  A. 


Q  I. 

improvement  of  the  falls  of  the  OHIO  RIVER. 

The  operations  on  this  work  during  the  year  are  fully  set  forth  in  the 
report  of  my  assistant,  Capt.  A.  Mackenzie,  Corps  of  Engineers,  who  is 
in  immediate  charge  of  the  work.    The  following  is  a  copy  of  his  report  : 

United  States  Enoixber  Office, 

Louisville,  Ky.,  June  30, 1876. 

Sib  :  I  have  the  honor  to  sabmit  the  followiof^  report  of  operations  on  the  improve- 
ment of  the  Falls  of  the  Ohio  River  and  enlargement  of  the  Louisville  and  Portland 
Canal,  for  the  fiscal  year  ending  June  30, 1876. 

During  the  year  1874,  though  the  water  was  low  and  very  favorable  for  work,  bnt 
little  progress  was  made,  owing  to  the  small  amount  of  money  available.  During  the 
past  year  even  less  has  been  accomplished,  the  continued  high  stage  of  the  river  liav- 
mg  prevented  a  successful  prosecution  of  the  work.  The  work  proposed  at  the  begin- 
ning of  the  year  was  as  follows :  To  complete  the  rock  excavation  at  the  head  of  the 
Louisville  and  Portland  Canal ;  to  complete  the  cross-dam  at  the  head  of  the  falls, 
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leaving  an  opening  of  600  feet  on  the  Indiana  side  and  making  a  new  opening^  of  400 
feet  at  the  head  of  the  middle  channel;  to  close  400  feet  of  the  Indiana  opening  and 
the  entire  middle  opening  with  Chanoine  wickets,  thns  leaving  openings  in  the  dam  of 
1,000  feet  daring  high  water,  and  closing  these  opienings  to  200  feet  during  low  water ; 
to  ^lace  a  movable  dam  at  the  head  of  the  canal  to  assist  in  flashing  ont  the  river-de- 
posit ;  to  build  new  gnard-zates  for  the  new  locks  and  for  the  head  of  the  canal ;  to 
raise  the  masonry  around  the  gate-recesses  of  the  middle  gates  of  the  new  locks,  thus 
allowing  the  canal  to  be  used  with  a  higher  stage  of  water ;  to  improve  the  Indians 
channel  on  the  falls  by  removing  the  worst  obstructions. 

Excepting  the  removal  of  600  yards  of  rock,  no  work  was  accomplished  during  the 
past  year,  i)uring  the  coming  year  as  much  of  the  above-mentioned  work  will  1m  fin- 
ished as  the  funds  available  ana  the  stage  of  the  river  will  permit. 

In  July,  1875,  in  anticipation  of  low  water,  all  machinery  vras  gotten  ready  for  com- 
mencing operations,  but  a  rise  in  the  river  suspended  work.  In  August,  usually  con- 
sidered a  low-water  month,  the  river  was  higher  than  it  had  been  daring  the  same 
season  of  the  year  for  thirty  years. 

During  September  a  little  work  was  accomplished,  but  high  water  again  interfered, 
and  it  was  not  until  October  that  operations  could  be  in  reality  commenced. 

On  October  527,  after  the  coffer-dam  surrounding  the  rock  to  be  excavated  had  been 
made  tight,  the  interior  pumped  out,  and  the  rock  stripped  ready  for  drilling  and  blast- 
ing, the  barge  Citizen  ran  into  the  coffer-dam  with  great  force,  breaking  in  100  feet, 
and  ii^juring  an  additional  84  feet.  A  cross-dam  was  immediately  built,  shutting  off  a 
portion  of  the  interior,  and  repairs  of  the  broken  dam  were  commenced,  but  more  high 
water  prevented  the  completion  of  repairs,  and  after  removing  600  cubic  yards  of  rock 
all  work  was  suspended. 

During  October  work  was  commenced  on  the  extension  of  the  dam  at  the  head  of 
the  falls,  but  high  water  and  cold  weather  caused  a  suspension  before  anything  was 
really  accomplished. 

This  closes  the  description  of  a  most  unfortunate  season's  work.  Thoagh  the  con- 
dition' of  the  river  was  Very  unfavorable,  much  more  would  have  been  accomplished 
had  it  not  been  for  the  damage  done  by  tne  barge  Citizen.  I  reported  all  the  detailed 
fkcts  connected  with  this  damage  at  the  time  of  its  occurrence,  and  suggested  that  the 
matter  should  be  referred  to  the  United  States  district  attorney  for  investigation.  In 
January  last  I  was  notified  that  instructions  had  been  sent  to  Mr.  C.  G.  Wharton, 
United  States  district  attorney,  to  examine  into  the  question  of  damage,  but  as  yet  I 
have  heard  of  no  action  being  taken. 

During  the  past  year  the  following  work  was  accomplished: 

Coffer-dam  built  and  filled 594  feet. 

Coffer-dam  repaired  and  filled ••• 221  feet. 

Coffer-dam  partially  buUt 184  feet. 

Rock  removed 613  cubic  yards. 

The  cost  of  the  work  accomplished  has  been  greater  than  daring  previous  years,  but 
will,  I  think,  still  fall  below  the  prices  propomd  by  contractors  when  the  work  was 
advertised.  There  has  been  expended,  excluding  office-expenses,  commutation,  &c., 
and  including  all  labor,  cost  of  material,  &c.,  $7,^.94.  Of  this  amount  |336  was  paid 
for  work  on  Vie  cross^dam,  and  $3,637  was  expended  for  work  on  the  coffer-dam  pre- 
vious to  October  27,  leaving,  as  the  actual  cost  of  rock  excavated,  $3,921.94.  All  the 
work  so  far  done  on  the  improvement  is  in  good  condition  excepting  the  Sand  Island 
dam;  the  damage  to  coping,  &c.,  referred  to  in  my  last  annual  report,  has  increased, 
and  in  time  the  sreater  portion  of  the  dam  will  be  destroved  by  ice,  &o.  The  riprap 
work  at  the  head  of  Si»nd  Island  stands  very  well.  Sand  Island  continues  to  change 
its  form,  increasing  during  high  water  and  washing  away  during  low  water,  making 
additions  to  the  obstructions  to  navigation  just  below,  known  as  Portland  Bar. 

The  earthen  banks  of  the  enlarged  canal  stand  very  well,  though  the  Bermuda  grass 
planted  for  their  protection  was  entirely  killed  by  the  cold  winter  of  1874  and  1875. 
The  slopes  are  now  covered  with  ordinary  grass.  An  osage-orange  hedge  has  been 
planted  the  entire  leneth  of  the  canal,  and  in  time  it  will  replace  the  fence  which  now 
protects  the  banks.  It  is  to  be  hoped  that  the  coming  season  will  be  favorable  for 
work,  and  that  the  rock-excavation  as  well  as  the  cross-dam  can  be  completed.  When 
this  is  accomplished  the  entrance  to  the  canal  will  be  much  improved  and  the  stage  of 
water  will  be  better  during  seasons  of  a  low  river. 
Very  respectfully,  your  obedient  servant, 

A.  Mackenzie, 
Captain  of  Enginetrt, 

Msgor  G.  Weitzel, 

Corps  of  Engineers, 

There  remains  little  for  me  to  say  in  addition  to  that  which  is  said 
in  the  above  and  that  which  I  said  in  my  last  annual  report  on  this  sub- 
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ject.  We  were  prevented  fh>m  execating  the  plan  of  operations  by  an 
unprecedented  season  of  contiDoed  high  water.  As  Captain  Mac- 
kenzie states,  several  attempts  were  made  to  commence  work,  but  they 
were  frustrated  by  rises  in  the  river.  A  great  damage  to  the  sea- 
son's work  was  done  by  the  barge  Citizen,  in  the  manner  stated  by 
Captain  Mackenzie.  I  recommended  proceedings  against  her.  These 
were  ordered,  and  1  do  not  know  why  there  should  be  any  delay.  This 
is  probably  better  understood  by  the  law  officers  of  the  Government 
than  by  us.  No  blame  for  any  of  these  misfortunes  can  attach  to  Cap- 
tain Mackenzie  or  any  of  my  employes  under  him ;  they  have  done  all 
they  possibly  could.  It  would  be  the  most  extravagant  folly  to  carry 
on  any  of  the  small  amounts  of  work  that  still  remain  to  be  done  here 
during  a  high  stage  of  the  river.  It  is  only  the  finishiog-up  of  a  project 
which  placed  the  enlarged  caual  and  new  locks  in  practical  operation 
over  four  years  ago.  It  is  contemplated  to  complete  all  the  work  that 
still  remains  to  be  done  during  the  present  season;  but  it  is  impossible 
to  state  the  orobable  progress  that  will  be  made,  as  this  will  depend  en- 
tirely upon  the  stage  of  the  river. 

The  reason  why  this  work  has  cost  more  than  the  original  estimate 
was  given  by  me  in  my  annual  report  for  the  fiscal  year  ending  Jane  30, 

1874.  The  excess  in  cost  is  entirely  due  to  the  manner  in  which  the  ap- 
propriations were  made.  If  these  had  been  made  as  1  recommended,  I 
am  certain  that  I  could  have  built  the  work  in  three  good  seasons,  and 
at  a  cost  less  than  my  estimate. 

The  original  estimate  for  this  work,  as  stated  in  my  annual  report  for 
the  fiscal  year  ending  June  30, 1870,  wa«  $1,243,500.  There  has  been 
allotted  and  appropriated  for  it  as  follows : 

1868,  allotted $85,000 

1869,  allotted 178,200 

1870,  appropriated 450,000 

1871,  appropriated 250,000 

1872,  appropriated 300.000 

1873,  appropriated : 100,000 

1875,  appropriated 100,000 

Total 1,463,200 

Of  this  amount  $1,373,450.70  has  been  expended. 

Ko  additional  appropriation  is  required  for  the  next  fiscal  year. 

The  work  is  located  in  the  third  collection-district  of  Kentucky.    The  nearest  port  ot 
entry  is  Louisville,  Ky. 
The  amount  of  revenue  collected  at  this  port  during  the  fiscal  year  was  $56,334.96. 

The  commerce  and  navigation  of  the  Mississippi  Biver  and  all  its 
branches  will  be  benefited  by  the  completion  of  this  work. 

Money  statement 

Amount  available  July  1,  1875 $102,459  32 

Amount  expended  during  fiscal  year  ending  June  30, 1876 12, 710  02 

Amount  available  July  1, 1876 89,749  30 


Q  2. 

SUPERINTENDENCE,  MANAGE^fENT,  AND  REPAIR  OF  THE  LOUISVILLE 

AND  PORTLAND  CANAL. 

On  the  1st  of  last  January  I  made  my  second  special  report  on  thi» 
work,  in  order  to  enable  the  honorable  Secretary  of  War  to  comply  with 
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the  provisions  of  section  3  of  the  act  of  Congress  approved  May  11, 
1874,  entitled  <<An  act  providing  for  the  payment  of  the  bonds  of  the 
Lonisville  and  Portland  Canal  Company." 

In  this  I  gave  a  complete  rSsumS  of  the  work  since  it  passed  into  our 
hands,  at  the  risk  of  repeating  all  that  I  had  said  in  my  two  previous 
reports.  As  it  will  undoubtedly  be  printed  and  added  to  this  as  a  part, 
I  wi]l  not  repeat  anything  said  therein  excepting  to  renew  my  recom- 
mendation that  the  sum  of  $50,000  be  loaned  the  work  by  the  Govern- 
ment, to  be  repaid  from  the  tolls  when  a  sufficient  surplus  has  aecumu- 
lated.  This  sum  is  needed  to  place  everything  that  is  necessary  in 
working  the  canal,  such  as  machinery,  gates,  dredges,  &c,  at  once  in 
a  first-class  condition,  and  thus  allow  us  to  operate  more  expeditiously 
and  economically.  I  also  respectfully  renew  the  recommendation  con- 
tained in  my  last  report,  that  barges  which  paid  full  toll  when  going 
down  loaded  should  only  pay  5  cents  per  ton  when  empty  on  the  return 
trip. 

In  consequence  of  the  continued  navigable  condition  of  the  river  dur- 
ing the  year,  the  canal  has  been  much  in  use,  and  receipts  have  exceeded 
the  expenditures  $18,836.16. 

There  have  been  few  complaints  during  the  year  on  account  of  delays 
in  getting  through.  Some  of  these  delays  were  unavoidable,  and  would 
occur  even  with  two  canals,  or  with  the  present  canal  again  enlarged. 
Whenever  the  river  rises  at  certain  times  to  a  certain  point,  there  is  a 
great  rush  of  coal-tows  and  other  craft  down  stream,  and  delays  are 
unavoidable.  But  most  of  these  delays  are  due  to  the  fact  that  my  em- 
ployes have  not  the  power  which  tiiiey  should  have,  because  the  rules 
and  regulations  for  the  government  of  the  <^anal  and  those  using  it 
which  I  have  repeatedly  recommended  have  not  been  enacted  into  a  law. 
My  assistants  are  almost  entirely  unable  to  regulate  and  control  matters 
when  there  is  a  rush  until  this  is  done.  In  the  mean  time  they  are  occa- 
sionally blamed  for  these  delays,  when  they  are  entirely  helpless.  I  am 
glad  to  be  able  to  say  that  such  complaints  never  come  from  persons 
who  have  any  real  interest  in  the  matter. 


Financial  statement  for  fiscal  year  ending  June  30, 1876. 


Hontha. 


1875-Jnly 

Angost ... 

September 

October... 

NoTember 

December 
1876 — January  . . 

f  ebmary . 

March.... 

April 

May 

Jane. 

Total ... 


Deposita. 


Amount. 


12,990  96 
3,196  50 
3,899  67 
3,044  32 
8. 453  40 

11, 424  32 
8,953  47 
1,302  51 
7,654  02 
9,630  92 

15, 305  01 
8,248  54 


78,102  64 


Months. 


1875-J'nly 

Angust ... 

September 

October... 

NoTember 

December., 

1876— January  ... 
Febmary ., 

March 

April 

May , 

June 


Total 


Ezpendi- 
tares. 


Amount. 


$7,803  12 
3,683  51 
3»e2191 
4.066  17 
7,138  96 
3,551  53 
8,905  98 
3,894  48 
495  10 
7.704  78 
9,030  94 


59,966  48 


Cash  on  hand  July  1, 1876,  $28,017.19. 

From  Captain  Mackenzie's  report,  which  is  annexed  hereto,  it  will  be 
seen  what  has  been  done  during  the  year.  The  policy  of  gradually  im- 
proving and  renewing  the  working  appliances  of  the  canal  as  the  tolls 
accumulate  has  been  strictly  adhered  to  and  with  the  finest  results. 
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There  has  been  a  very  marked  change  for  the  better  in  the  whole  ap- 
pearance and  condition  of  the  work  and  a  very  vast  one  in  the  system 
and  regularity  of  its  management. 

report  of  captain  a.  &f  ackenzie,  corps  of  ekqixeers. 

Louisville  and  Portland  Canal  Office, 

Louisville,  Ky.,  June  30,  1676. 

Major  :  I  have  tho  honor  to  sabmit  the  following  report  on  the  superintendence, 
management,  and  repair  of  the  Loaiaville  and  Portland  Canal  for  the  nscal  year  end- 
ing June  30, 1876. 

During  the  past  two  years  reports  have  been  rendered  semi-ann nailer  giving  in  detail 
the  condition  of  the  canal  and  recommending  certain  extensive  repairs  and  improve- 
ments, but  it  was  not  until  near  the  dose  of  the  last  calendar  year  that  the  surplus 
fund  had  sufficiently  accumulated  to  justify  any  large  expenditures. 

Since  that  time  much  work  has  been  done,  and  the  dredging  department  as  well  as 
other  necessary  accessories  of  the  canal  are  being  rapidly  placed  in  perfect  working- 
order. 

With  the  exceptions  hereafter  mentioaed,  the  present  condition  of  the  various  por- 
tions of  the  canal  is  the  same  as  reported  December  31, 1875. 

The  following  is  a  summary  of  the  work  of  the  past  year :  3,233  boats  have  been  passed 
through  the  locks  and  103,602  cubic  yards  of  sediment  have  been  removed  by  the 
dredges. 

The  mechanics  have  been  constantly  employed  repairing  gates,  boats,  bridges, 
machinery,  &c. ;  building  shops,  putting  up  engines  and  machines ;  making  chains, 
straps,  and  bolts  for  gates,  and  generally  assisting  in  the  extensive  repair  of  dredging 
apparatus. 

The  lock  hands  have  been  employed  passing  and  docking  boats,  cleaning  off  ^ates 
and  walls,  grading  grounds,  making  concrete  for  and  buildmg  foundations,  repairing 
mitre-sills,  storing  lumber  for  new  gates,  planting  hedges,  putting  up  line  of  telegraph, 
watching  and  canng  for  property,  and  assisting  the  mechanics  in  their  various  works 
of  repair  and  improvement. 

The  dredge  and  steamboat  forces  have  in  addition  to  their  regular  duties  been  occa- 
sionaUy  employed  at  the  locks  and  have  assisted  in  repairing  steamboat-dredges  and 
mud-scows. 

Under  the  head  of  permanent  repairs  and  improvements  the  following  work  has  been 
accomplished. 

The  mud-scows  have  been  enlarged  and  thoroughly  repaired.  They  will  now  hold 
38  cubic  yards  each,  and,  though  their  capacity  has  been  doubled,  they  are  much  more 
easily  managed  than  formerly,  on  account  of  their  superior  form  of  construction. 

A  new  huU  for  the  tow-boat  W^ker  Morris,  built  by  James  Howard  &.  Co.,  of  Jeffer- 
sonviUe,  Ind.,  was  completed  and  launched  February  19,  but  the  high  stage  of  the 
river  and  constant  deposit  of  sediment  prevented  the  dismantling  of  tne  old  boat  until 
June  3.  Since  that  time  all  machinery  nas  been  transferred  and  thoroughly  repaired. 
The  new  boat  is  larger  and  much  stronger  than  the  old  one.  It  will  be  fitted  out  with 
force  and  wrecking  pumps,  and  be  ready  at  any  time  to  render  assistance  in  case  of  a 
fire  or  the  sinking  of  a  vessel  in  the  canaL 

One  dredge  has  been  thoroughly  repaired,  and  machinery  added  for  raising  and  low- 
ering spuds,  thus  enabling  us  to  reduce  the  force  previously  employed.  It  is  expected 
that  the  dredge  in  its  comparatively  new  condition  will  do  more  work,  and  do  it  more 
rapidly,  than  formerly.    Timber  has  been  obtained  for  rebuilding  a  second  dredge. 

A  large  addition  to  the  oarpentor-shop  has  been  built  for  a  machine-shop,  and  an 
en^ne  and  boiler  have  been  set  up.  The  shop  at  present  contains  one  circular  and  one 
swing  saw,  a  bolt  and  screw  cutting  machine,  and  a  drill-press.  A  50-foot  planer  aud 
lathes  will  soon  be  added.  It  is  expected  that  almost  the  entire  cost  of  this  machinery 
will  be  saved  during  the  coming  year  in  ordinary  repairs  and  the  construction  of  new 
gates. 

A  large  fire-cistern,  holding  500  barrels,  has  been  built,  and  a  force-pump  connected 
with  it.  As  an  additional  precaution  against  the  danger  of  fire,  an  alarm-box  has  been 
placed  at  the  locks,  aud  in  case  our  own  means  are  not  sufficient  a  steam  fire-engine 
can  be  obtained  in  about  five  minutes.  A  telegraph  line,  2  miles  in  length,  has  been 
established  between  the  head  aud  the  foot  of  the  canal.  A  submarine  cable  Is  laid 
Across  the  canal  at  the  locks,  aud  the  line  in  the  vicinity  of  the  office  is  placed  in  a 
trough  under  ground. 

An  osage-orange  hedge  has  been  planted  the  entire  length  of  the  canal.  It  will  in 
time  replace  the  wooden  fence  which  now  protects  the  earthen  slopes. 

The  ground  in  the  vicinity  of  the  dry-dock  has  been  graded,  and  permanent  ways 
put  up  for  the  building  and  launching  of  boats,  gatics,  &c. 
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Complete  maps  and  abstracts  of  title  of  the  canal  property  have  been  obtaiiied ;  its 
metes  and  bonuds  are  now  known,  and  comers  will  be  marked  as  soon  as  possible. 

During  the  coming  year  the  following  work  will  be  done,  provided  the  surplus  on 
band,  aner  reserving  a  sn£Scient  amount  for  operating  expenses  during  low  water  sea- 
son, will  justify  it. 

Dredge  No.  2  and  mud-scow  No.  4  will  be  rebuilt ;  new  guard-gates  for  the  head  of 
the  canal  and  for  the  new  locks,  and  new  lift  and  guard  gates  for  the  old  locks,  will  be 
built ;  the  mitre-sill  of  the  lower  gate  of  the  old  locks  will  be  repaired ;  a  coal  eleva- 
tor, with  capacity  of  1,000  tons,  and  an  office  for  the  superintendent,  will  be  built. 

Additional  experience  is  constantly  developing  necessary  changes  and  improvements, 
and  it  is  probable  much  other  work  will  suggest  itself  during  the  year. 

The  surplus  funds  have  been  and  still  will  be  applied  to  the  permanent  repair  of 
working  parts  of  the  canal,  and  to  such  improvements  and  additions  to  machinery  as 
will  promote  the  efficiency  of  management  and  eventually  reduce  the  annual  operating 
expenses. 

When  all  the  necessary  repairs  are  completed  more  attention  will  be  given  to  a  rad- 
ical improvement  in  the  methods  of  working  gates  and  bridges.  Many  plans  for  this 
work  have  been  already  considered,  and  some  definite  plan  will  be  recommended  as 
soon  as  money  is  available  for  such  improvements. 

Attention  has  also  been  g^ven  to  the  important  question  of  removing  river-deposit. 
I  am  still  of  the  opinion  that  the  present  method  of  dredging  alone  gives  promise  of 
certain  success,  though  the  accessory  plans  of  sluicing  the  canal,  stirring  up  sediment 
in  locks  by  filling  through  side  culverts,  and  sinking  catch-basins  in  the liottom  of  the 
locks  above  mitre-sills  to  remove  deposit  from  the  front  of  the  gates,  will  assist  in  the 
work. 

Boring  the  past  year  the  river  has  been  high,  and  in  consequence  a  great  number  of 
boats  have  used  the  canal.  The  receipts  have  been  much  larger  than  was  anticipated, 
amounting  in  all  to  $77,976.52.  During  May  the  receipts  amounted  to  $14,927.99,  being 
greater  than  for  any  single  month  during  the  two  years  of  Government  management. 
On  May  27,  4  steamboats  and  46  barges,  with  an  under-tonnage  of  16.979  tons  and  car- 
rying about  600,000  bushels  of  coal,  passed  through  the  locks.  The  tolls  for  this  day 
amounted  to  $1,384.60. 

The  continued  high  water  deposited  much  sediment  in  the  canal  and  locks.  The 
rise  of  August,  1875,  and  January,  1876,  left  deposits  in  the  lower  chamber  of  the  new 
locks  of  II  and  7  feet  respectively. 

The  rates  of  tolls  remained  as  fixed  by  the  Secretary  of  War  January  25, 1875.  A 
recommendation  made  in  December,  1875,  to  reduce  tolls  on  empty  barges  on  a  return- 
trip  from  8  cents  to  5  cents  per  ton  was  not  acted  upon. 

During  the  past  few  months  the  number  of  employ^  has  been  slightly  reduced,  and 
it  is  hoped  further  reductions  can  soon  be  made.  Some  of  the  busy  periods  of  the  past 
year,  especially  heavy  coal  runs,  have  shown  conclusively  that  a  time  will  come  when 
the  capacity  of  the  canal  will  not  be  sufficient  for  the  river  commerce,  or  that  at  least 
delays  will  be  of  so  frequent  an  occurrence  as  to  cause  great  annoyance  and  heavy 
losses.  It  is  more  than  probable  that  the  canal  must  in  the  future  receive  a  second 
enlargement,  and  even  at  the  present  time  extensive  basins  at  the  head  of  the  canal, 
at  the  head  of  locks,  and  below  the  canal,  are  much  needed. 

None  of  the  recommendations  made  in  my  report  of  December,  1875,  have  yet  been 
acted  on,  and  I  therefore  renew  them,  and  ask  that  they  be  considered  a  portion  of  this 
report. 

I  append  tables  giving  details  of  expenditures  and  receipts,  number  and  tonnage  of 
boats,  and  other  statistical  information. 

In  conclusion,  I  would  state  that  the  officers  of  the  canal  have  during  the  past  year 
performed  all  their  duties  faithfully  and  well. 
Very  respectfnlly,  your  obedient  servant, 

A.  Mackenzie, 
Captain  of  Engineers, 

Major  G.  Weitzel, 
Corps  of  Engineirs. 
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Detailed  statement  of  boats  passed  through  the  Louisville  and  Portland  Canal  for  the  fiscal 

year  ending  June  30, 1876. 


Date. 


1675. 

July 

An^nst 

September 

October 

NoTember 

December 

1876. 

January 

Febmary 

March 

April 

May 

Jane 

Total 


Steamboats. 


No. 


46 

50 

101 

lOR 

106 

81 

40 
SO 
67 
96 
138 
1S9 


Under-ton- 
nage. 


15,945 
13,998 
21, 578 
90,205 
27.436 
96,001 

14,494 
7,195 
21,360 
29,106 
43.359 
38.446 


279. 116 


Bargee. 


Model. 


No. 


25 
34 
34 
26 

78 
47 

21 
14 
37 
59 
91 
67 


526 


Under -ton- 
nage. 


6.859 
8,055 
8,132 
5,905 
18,020 
11,668 

5,567 

3,8161 

9.027 

13.656 

22,295 

16,465 


129.393^ 


Sqnare. 


No. 


31 
62 
49 
36 
212 
269 

39 
12 

172 
249 
365 
127 


1,623 


Measured 
tonnage. 


6,239 

13,897 

6.877 

<7l4i 

43,605 

92,407 

10,689 
2,570} 
55,819 
71,965 
102,100i 
30,479 


441,3551 


1 
1 
7 
20 
25 
4 

6 
2 
6 
13 
11 
6 


102 


Detailed  statement  of  receipts  of  the  Louisville  and  Portland  Canal  for  the  fiscal  year  ending 

June  30, 1876. 


No. 


989 

526 

1,693 

102 


Designation. 


Steamboats 

Model  barges 

Square  barges 

Small  barges  and  steamers 


Number  of 
tons. 


279,116 
129, 3931 
441, 355| 


Price  per  ton  or 
boat 


10  cents  per  ton. 
10  cents  per  ton. 
Scents  per  ton.. 
|5  per  boat 


Amount. 


|S7, 911  60 

12, 939  35 

35,308  46 

510  00 


Total  receipts  from  tolls 176,669  14 

Heceipts  f rom  rents 431  15 

Keceiptsfh>m  towage 455  00 

Keceiptsfrom  dry-dock 420  96 


Total  receipts. 
48  £ 


77,  976  52 
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report  of  january  1,  1876. 

United  States  Engineer  Office, 

Detroitj  Mich.^  January  1, 1876, 

General:  In  accordance  with  yonr  instmctions,  and  to  enable  the 
honorable  Secretary  of  War  to  comply  with  the  provisions  of  section  3 
of  the  act  of  Congress  approved  May  11,  1874,  entitled  "An  act  pro- 
viding for  the  payment  of  the  bonds  of  the  Lonisvilie  and  Portland 
Canal  Company,"  I  have  the  honor  to  snbmit  the  following  report  on  the 
superintendence,  management,  and  repair  of  the  Louisville  and  Portland 
Canal  for  the  calendar  year  ending  December  31, 1875. 

At  the  risk  of  repeating  almost  everything  that  was  said  by  me  in  my 
reports  on  this  subject,  dated  respectively  January  1  and  June  30, 1875, 
and  which  are  printed  in  the  annual  report  of  the  Chief  of  Engineers 
for  1875,  as  Appendix  Q2, 1  directed  my  assistant  in  immediate  charge 
of  the  work,  Capt.  A.  Mackenzie,  Corps  of  Engineers,  to  make  a  full  and 
complete  report  on  the  subject,  as  if  no  previous  report  had  been  ren- 
dered. His  report  is  annexed  hereto,  and  forms  a  part  of  this.  It  is  so 
complete  that  little  remains  to  be  said  by  me.  It  will  be  seen  that  the 
period  from  June  11, 1874,  (the  date  on  which  the  canal  passed  under  the 
control  of  the  Government,)  until  December  31, 1874,  was  an  exceedingly 
bad  one  for  navigation,  and,  correspondingly,  for  the  revenues  of  the 
canal.  The  deficit  during  this  period  amounted  to  $5,022.13.  But 
during  the  past  year  the  river  has  been  almost  continually  at  a  good 
boating-stage,  and  the  receipts  exceeded  the  expenditures  $20,416.13. 
The  receipts  from  June  11, 1874,  to  December  31, 1875,  therefore  exceed 
the  expenditures  by  $15,055.53. 

From  these  facts  it  is  evident  that,  not  having  experience  of  average 
years,  we  are  still  unable  to  recommend  fixed  rules  and  rates  of  tolls,  and 
we  need  the  experience  of  one  or  two  more  years  to  do  this. 

The  main  thing  which  is  needed  on  this  canal  is,  to  get  the  tow-boat, 
dredges,  mud-scows,  &c.,  that  is  to  say,  the  tools  with  which  the  canal  is 
operated,  in  first-class  condition.  It  would  have  been  economical  to  have 
done  so  a  year  ago,  but  Congress  failed  to  act  on  the  recommendation 
contained  in  my  report  of  January  1, 1875,  that  the  sum  of  $50,000  be 
loaned  the  canal  to  do  this ;  the  loan  to  be  repaid  as  soon  as  the  reve- 
nues would  permit  it.  As  a  consequence,  we  have  been  compelled  to  get 
along  as  well  as  we  could,  patching  up  here  and  there,  and  rebuilding 
only  when  we  had  the  money  to  spare.  In  this  way  two  new  mud-scows 
have  been  built,  the  tow-boat  is  undergoing  complete  repairs,  and  the 
other  tools  have  been  kept  in  a  partially  serviceable  condition. 

I  sincerely  hope  that  the  sum  of  $50,000,  as  recommended  a  year  ago, 
be  loaned  the  canal,  in  order  that  we  may  at  once  place  everything  in 
good  working-order.  It  will  be  economy  for  the  canal,  and  will  save 
the  commerce  of  the  river  a  great  deal  of  delay  and  consequent  loss. 

As  will  be  seen  by  Captain  Mackenzie's  report,  the  two  greatest  diffi- 
culties in  this  canal  are  the  immense  accumulations  of  mud  and  the 
weight  of  the  gates.  We  have  all  bestow^  much  study  upon  this,  and 
if  the  stage  of  water  next  season  permits,  we  intend,  as  it  has  received 
your  sanction,  to  place  a  movable  dam  at  the  head  of  the  canal,  and  on 
proper  occasions  flush  it  by  this  means.  But,  as  Captain  Mackenzie 
says,  this  will  only  be  an  important  auxiliary.  Two  new  dredges  of  the 
most  modern  and  approved  construction  are  imperatively  needed  to  re- 
place the  two  old  and  almost  worn-out  ones  that  we  are  now  compelled 
to  use.    With  regard  to  the  gates,  we  believe  that  we  will  be  able,  as 
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«oon  as  the  present  ones  become  unserviceable,  to  replace  tbem  by 
lighter  ones  of  eqaal  strength. 

The  walls  of  the  old  locks  are  in  considerable  decay,  but  I  believe 
that  they  will  last  during  the  life  of  new  sills  and  gates;  and  we  desire, 
as  soon  as  possible,  to  rebuild  the  latter,  so  that  in  times  of  a  coal-rash 
both  locks  can  be  used  to  advantage  at  the  same  time.  With  regard 
to  the  rebuilding  of  the  north  wall,  the  enlargement  of  the  dry4ock, 
and  the  rebuilding  of  the  old  locks,  I  can  only  say,  as  I  did  before,  that 
these  are  question  for  the  future. 

The  canal  since  it  has  been  under  the  control  of  the  Government  has 
been  faithfully,  honestly,  and  economically  managed  and  entirely  in  the 
interest  of  commerce  by  my  assistants  and  employ^.  There  have  been 
a  few  complaints,  but  most  of  them  were  false,  and  nearly  all  instigated, 
I  believe,  by  parties  who  are  anxious  to  get  hold  of  the  management. 

Captain  Mackenzie  has  omitted  to  state  what  is  done  with  the  money 
which  is  collected.  As  the  collector's  office  is  about  3  miles  from  the 
Government  depository,  the  money  is  deposited  only  when  it  reaches  the 
fium  of  $100.  If  the  daily  receipts  equal  or  exceed  this  sum  the  de- 
posits are  made  daily.  A  receipt  is  taken  and  the  work  credited  with 
the  amount,  and  all  checks  in  payment  of  indebtedness  are  drawn 
against  these  deposits.  I  make  my  money-returns,  papers,  &c.,  for  it 
precisely  as  for  any  other  money  under  any  appropriation,  and  under 
the  title  of ''  superintendence,  management,  and  repair  of  Louisville  and 
Portland  Canal.'' 

When  the  daily  receipts  do  not  amount  to  $100,  the  money  is  kept 
in  a  safe  in  the  collector's  office ;  and  this  office  being  a  part  of  the  col- 
lector's residence,  the  money  is  as  safe  as  it  is  possible  to  make  it. 

The  suggestion  made  by  Captain  Mackenzie,  that  a  number  of  small 
plain  residences  be.  built  near  the  locks  for  the  use  of  the  lock-hands,  is 
an  excellent  one,  and  as  soon  as  we  get  the  necessary  funds  I  will  ask 
your  approval  of  the  project. 

I  agree  with  Captain  Mackenzie,  that  the  question  of  the  right  of 
the  city  of  Louisville  to  obstruct  the  entrance  to  the  canal,  by  permit- 
ting vessels  to  lie  at  its  wharf  below  Sixth  street,  should  be  referred  to 
a  proper  legal  tribunal. 

Captain  Mackenzie  enumerates  certain  things  that  ought  to  be  done 
during  the  present  year.  We  have  already  authority  from  you  to  do 
4sieveral  of  them,  and  all  are  necessary.  I  therefore  repeat  that  it  is  of 
the  first  importance  that  Congress  should  authorize  the  Treasury  De- 
partment to  loan  us  $50,000  for  the  ^^superintendence,  management, 
and  repair"  of  the  canal ;  this  sum  to  be  returned  from  time  to  time,  as 
the  receipts  will  warramt  it. 

The  reasons  given  by  Captain  Mackenzie  for  not  reducing  the  rate 
of  tolls  during  the  present  year,  except  in  case  of  returning  empty 
barges,  which  paid  toll  going  down  loaded,  are  sound,  and  I  therefore 
respectfully  recommend  that  the  present  rate  of  tolls  remain  unchanged 
during  this  year,  excepting  that  barges  which  paid  toll  when  loaded 
«hall  only  pay  5  cents  per  ton,  when  empty,  on  the  return  trip. 

I  desire,  also,  respectfully  to  urge  the  importance  of  enacting  a  law 
for  the  government  of  the  canal,  which  will  embody  the  rules  and  regu- 
lations which  are  recommended  by  Captain  Mackenzie. 

The  lEbllowing  is  the  financial  statement  of  the  work  for  the  calend«ar 
year  ending  December  31, 1875 : 
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Financial  statement  for  calendar  year  ending  December  31 ,  1875. 


Deposits. 


Months. 


Amount. 


January . . . 
February . . 

March 

April 

May 

June 

Jnly 

Angnat 

September. 
October.... 
November . 
December  . 

Total 


$3, 141  25 
1,860  68 
1, 939  ZO 

10,  087  70 
18,899  64 

7,  551  71 
2,990  96 
3, 196  50 
3,  899  67 
3, 044  32 
8, 452  40 

11.  424  32 


70,  488  65 


Disbarsements. 


Months. 


Salaries 


Jan  nary... 
February.. 
March  .... 

AprU 

May 

Jane 

Jnly 

Auf^nst 

September 
October  ... 
November . 
December . 

Total. 


13,330  00 


3.380  00 

10, 015  00 

6.798  00 

3,330  00 


6,842  00 
3, 693  51 
3,341  67 
3,625  75 
3,522  83 


47,  758  76 


Fuel,  sup- 
plies, and 
repairs. 


1389  83 


699  91 

5»0  73 

107  12 

1,385  23 


Amount. 


13, 719  83 


961  12 


480  24 

440  42 

3, 616  13 


4,029  91 

10,595  73 

6,B35  12 

4, 715  2a 


7, 803  12 
3.  693  51 
3.821  91 
4.066  17 
7, 138  96 


8, 660  73  I  56, 419  4» 


Cash  on  hand  December  31, 1875,  $15,665.53. 

I  am.  general,  very  respectfully,  your  obedient  servant, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  V.  S.  A, 


G.  Weitzel, 

Major  of  Engineers, 


report  of  captain  alexander  mackenzie,  corps  of  engineers. 

Office  of  Louisville  and  Portland  Canal, 

Louisvillef  Ky,j  December  31, 1875. 

Major  :  In  accordance  with  your  instructions  I  have  the  honor  to  submit  the  follow- 
ing report  upon  the  present  condition  of  the  Louisville  and  Portland  Canal,  with  such 
statistical  iuformatioo  as  may  be  of  importance  in  determining  upon  future  manage- 
ment and  in  fixing  a  rate  of  tolls  for  the  coming  year : 

PRESENT  condition  OF  CANAL  AND  ACCESSORIES. 

There  has  been  no  surplus  fund  available  during  the  past  year  for  permanent  repairs 
or  improvements,  and  the  following  details  are  in  many  cases  a  repetition  of  previous 
re;)ort8 : 

NEW  LOCKS. 

With  exception  of  the  guard-gates  all  parts  of  the  new  locks  are  in  a  serviceable 
condition.  The  coping  of  the  walls  is  of  soft  stone,  and  has  been  injured  in  several 
places.  The  water  has  found  its  way  under  the  miter-sills,  washing  out  the  concrete, 
thereby  causing  some  of  the  stones  to  settle,  but  they  will  probably  remain  secure  for 
several  years.  In  time  now  sills,  built  of  harder  stone,  and  sunk  to  the  solid  rock,  will 
be  necessary. 

The  lift-gates  are  moved  with  difficulty  on  account  of  their  great  weight  and  the 
sediment  continually  being  deposited  in  n'ont  of  them.  No  plans  have  yet  been  per- 
fected for  moving  these  gates  by  steam  or  water  power  ;  and  the  trial  of  horse-power 
has  not  been  made. 

During  high  stages  of  the  river  the  middle  gates  are  flooded  before  the  amount  of 
water  on  the  falls  is  sufficient  for  all  ascending  boats.  A  plan  for  obviating  this  diffi- 
culty at  a  small  expense  has  been  approved. 

The  method  of  filling  and  emptying  the  lock-chambers  through  the  gates  has  proved 
a  very  slow  one  ;  but  as  shown  in  previous  reports  any  change  in  the  system  would  be 
an  expensive  operation. 

OLD    LOCKS. 

These  locks  have  been  previously  reported  unsafe ;  and,  although  kept  serviceable 
daring  the  year  by  constant  work,  they  are  really  beyond  repair.    Two  setsof  lift-gates 
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are  rotteu,  and  unless  it  is  determiDed  to  remodel  tbe  entire  work,  tbey  should  be  re- 
placed immediately.  Tbe  lower  miter-sill  is  in  very  poor  condition,  but  can  only  be 
economically  rei)aired  during  low  water. 

BRIDGE  OVER  THE  OLD  LOOKS. 

This  bridge  was,  for  sake  of  economy,  improperly  located,  and  when  the  locks  are 
rebuilt  it  should  be  removed. 

DRY-DOCK. 

The  dry -dock  is  now  in  a  serviceable  condition,  but  it  will  only  accommodate  small 
boats,  and  its  gates  are  so  low  that  they  are  frequently  under  water.  The  present  size 
of  tbis  dock  is  sufficient  for  all  canal  purposes,  hut  its  enlargement  would  be  of  great 
benefit  to  the  river  interests. 

CANAL  BUILDINGS  AND  SHOPS. 

The  toll-collector's  bouse  and  blacksmith's  shop  are  in  good  condition.  During  the 
year  a  carpenter-shop  and  tool-house  have  been  built.  Such  simple  machinery  as  will 
enable  our  own  mechanics  to  make  all  repairs  should  be  added  to  the  shops.  An  office 
for  the  superintendent  has  not  yet  been  built. 

The  hands  must  be  housed  near  the  locks,  and  when  means  are  available  it  will  be 
well  to  put  up  a  few  cottages  to  replace  the  old  unhealthy  building  which  they  now 
occupy.    A  reasonable  rent  can  be  collected,  and  will  pay  for  the  outlay. 

A  coal-elevator,  with  a  capacity  of  1,000  tons,  would  permit  the  purchase  of  fuel  by 
the  boat-load,  and  reduce  the  prices  now  paid  materially. 

ENLARGED  CANAL. 

The  condition  of  the  enlarged  canal  is  good.  Its  north  bank  is  protected  by  a  stone 
wall  and  riprap,  at  present  in  a  serviceable  condition ;  but  in  the  future  a  new  wall 
must  be  buut.  The  south  bank  is  protected  by  a  new  stone  wall  founded  on  the  solid 
rock.  The  earth  slopes  are  in  a  very  good  condition,  and  have  required  but  slight 
repairs  during  the  past  year. 

GUARD-GATES    AT    HEAD  OF  THE  CANAL. 

These  gates  sro  rotten  and  unserviceable. 

LIGHTS  FOR  CANAL  AND  LOCKS. 

Some  change  in  the  method  of  lighting  the  canal  and  locks  for  night-work  was  8n<ir- 
gested  in  last  report ;  but  consultations  with  the  captains  and  pilots  of  many  steamers 
indicate  that  no  change  is  required  at  present. 

TELEGRAPH  ALONG  CANAL. 

Authority  has  been  granted  to  connect  the  head  and  the  foot  of  the  canal  by  a  line 
of  telegraph,  and  the  work  will  be  done  early  next  year. 

CANAL-LANDS. 

No  deeds  or  information  as  to  the  boundaries  of  the  property  pertaining  to  the  canal 
were  received  from  the  former  management.  The  question  was  referred  to  the  United 
States  district  attorney,  and  under  his  supervision  a  map  and  abstract  of  title  were 
prepared  and  forwarded  to  Washington.  When  the  necessary  information  is  received 
at  this  office  the  survey  already  authorized  will  be  made,  and  the  boundaries  of  the 
property  marked  with  iron  monuments.  This  survey  will  show  that  some  of  the  prop- 
erty is  of  no  service  to  the  canal,  and  that  other  property  along  the  canal-banks  should 
be  in  the  possession  of  the  Government. 

CITY  SEWERS  EMPTYING  INTO  THE  CANAL. 

The  city  is  allowed  to  empty  its  sewers  into  the  canal,  provided  the  connections  are 
so  made  that  no  solid  matter  can  pass.  With  two  exceptions  the  law  is  observed,  bat 
if  the  city  does  not  see  the  necessity  for  a  change  very  soon,  some  means  must  be 
adopted  to  obtain  a  repeal  of  the  authority.  The  canal  is,  at  times,  very  offensive,  and 
will  in  time  become  an  immense  open  sewer.  It  was  thought  last  vear  that  the  drains 
from  the  paper-mills  and  other  factories  might  have  an  injurious  eroect  on  the  gates  and 
walls,  but  an  analysis  of  the  water  shows  that  at  present  there  is  very  little  danger  of 
such  a  result. 
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CONTRACTS  AFFECTING  CANAL  MANAGEMENT. 

When  the  canal  was  enlarged,  in  accordance  with  a  contract  with  the  city  of  Lonis- 
ville,  a  portion  of  the  sonth  bank  of  the  canal  was  left  without  the  protection  of  a  wall. 
The  city  intended  building  a  basin  adjacent  to  the  canal,  bat  it  is  the  general  opinion 
that  no  action  will  ever  be  taken  in  the  matter.  The  wall  mast  be  carried  across  this 
vacant  space  before  the  canal  can  be  considered  finished. 

A  contract  between  the  former  management  and  private  parties  gave  to  the  latter 
the  right  to  nse  canal  property  and  to  construct  a  basin  near  the  railroad  bridge,  for 
t)ie  purpose  of  carrying  on  the  coal  business.  This  basin  is  supposed  to  be  under  the 
control  of  the  superintendent  of  the  canal,  but  trouble  has  frequently  arisen  from  a 
disobedience  of  his  orders. 

A  portion  of  the  city  wharf  lies  along  the  south  bank  of  the  canal.  This  wharf  is 
now  permanently  occupied  by  coal-boats  and  steamboats,  but  previous  to  the  building 
of  the  wing-dam  on  the  north  side,  it  was  of  but  little  service  to  the  city.  When  the 
river  is  high  and  the  water  is  running  over  the  wing-dam,  the  entrance  to  the  canal 
is  difficult,  and,  unless  care  is  exercised,  dangerous.  If  the  control  of  this  portion  of 
the  wharf  cannot  be  obtained,  the  only  alternative  will  be  to  raise  the  wing-dam  4 
feet. 

The  city  has  recently  granted  permission  to  private  parties  to  erect  a  coal-elevator 
on  the  canal  at  the  foot  of  Seventh  street.  This  matter  has  been  placed  in  the  hands 
of  United  States  district  attorney. 

DREDGING  DEPARTMENT. 

The  tow-boat,  dredges,  and  mud-scows  were  old  and  in  very  poor  condition  when 
received  with  the  canal.  Constant  repairs  have  been  necessary,  and  it  would  have 
been  more  economic^  to  have  built  new  boats  18  months  ago,  but  no  funds  were  availa- 
ble for  the  purpose. 

Notwithstanding  their  condition,  the  dredges,  &c.,  have  done  valuable  service,  and 
have  succeeded  in  keeping  the  canal  open  during  the  past  year.  Two  of  the  mud- 
«cow8  have  been  enlarged  and  thoroughly  repaired,  and  the  timber  for  a  third  is  on 
hand.    All  the  work  has  been  done  by  our  own  employ 6s. 

Extensive  repairs  of  the  tow-boat  have  been  commenced  and  a  new  hull  is  nearly 
completed.    Complete  repairs  of  dredges  must  be  commenced  as  soon  as  possible. 

The  following  remarks  upon  the 

STAGES  OF  THE  RIVER  AND  SEDIMENT  DEPOSITED 

will  show  the  necessity  of  keeping  the  dredging  apparatus  in  perfect  order. 

During  December,  1874,  the  water  rose  rapidly,  and  at  the  beginning  of  the  year  1875 
there  was  a  favorable  stage  of  water  in  the  canal.  From  the  3d  to  the  6th  of  January 
the  water  was  over  the  middle  gates.  During  the  entire  month  the  weather  was  very 
cold,  the  ice  in  the  canal  being  at  times  1  foot  thick.  During  a  portion  of  this  time 
navigation  was  kept  up  by  means  of  an  improvised  ice-breaker.  The  water  remained 
high,  and  on  the  28th  of  February  again  flooded  the  middle  gates,  giving  navigable 
water  on  the  falls.  This  stage  of  the  river  continued  until  March  26,  when  boats  were 
again  compelled  to  use  the  canal.  During  this  high  water  the  deposit  in  the  upper 
end  of  the  canal  was  about  2  feet  in  depth  and  the  deposit  in  the  locks  was  enormous. 

The  dredges  worked  day  and  night,  and  as  the  river  fell  slowly  they  succeeded  ia 
preventing  any  delays.  The  extreme  variation  of  the  water-level  in  the  canal  during 
this  month  was  nearly  6  feet.  During  April,  May,  and  June  the  stage  of  the  river  was 
very  favorable  for  the  canal,  but  in  July  it  commenced  to  rise,  and  by  the  7th  of  Au- 
gust the  reading  of  the  gauge  above  the  locks  was  30.3  feet,  and  at  the  gauge  below 
the  locks  5S.0  feet.  This  was  the  highest  stage  of  water  ever  known  in  August,  and  5 
feet  higher  than  the  usual  spring-floods.  When  the  river  commenced  falling  it  went 
down  very  rapidly,  receding  as  much  as  6  feet  in  twenty-four  hours  and  20  feet  in  one 
week.  The  deposit  left  by  this  rise  was  enormous.  Careful  measurements  gave  the 
following  amounts:  In  new  locks,  20,629  cubic  yards,  being  11  feet  in  depth;  in  old 
locks,  9,000  cubic  yards,  filling  lower  chambers:  in  canal,  24,000  cubic  yards;  making 
a  total  of  53,629  cubic  yards  m  the  canal  and  locks.  The  dredges  immediately  com- 
menced working  day  and  night,  but  the  river  fell  so  rapidly  that  on  the  17th  lockages 
bad  to  be  suspended,  but  by  the  20th  they  were  resumed.  Daring  the  three  days  the 
locks  could  not  be  used,  fortunately  but  few  boats  desired  to  pass  through. 

During  September  and  October  the  river  remained  at  a  good  stage  ior  light-draught 
boats,  bat  toward  the  latter  part  of  November  the  usual  rise  commenced,  and  on  the 
29th  the  water  was  level  with  the  top  of  the  middle  gates.  December  1  the  river  fell 
slightlv,  and  daring  the  remainder  of  the  month  the  water  has  been  at  a  favorable 
stage  lor  the  canal.  Much  sediment  has  been  left  in  the  canal,  but  constant  dredging 
and  an  abundance  of  water  have  prevented  any  delays.    Several  methods  have  been 
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propoeed  for  either  preventing  these  enormons  deposits  or  facilitating  their  removal, 
ont  the  only  method  so  far  promising  certain  saccess  is  the  one  now  m  use.  A  mova- 
ble dam  at  the  head  of  the  canal  which  will  permit  a  strong  current  to  be  occasionally 
established  will  be  an  auxiliary  to  the  dredges,  but  cannot  take  their  place. 

TIME  OF  LOCKAGE. 

During  the  past  year  records  have  been  kept  to  determine  the  time  occupied  in 
lockages.  It  varies  so  with  different  stages  of  water,  that  only  an  average  can  be 
given. 

When  the  usual  force  of  men  are  employed  and  both  chambers  are  used,  a  lockage 
will  occupy  about  au  hour,  or  if  the  water  is  high  and  only  oae  chamber  is  used,  half 
an  hour  is  sufficient. 

With  an  extra  force  of  men  the  time  through  2  chambers  can  be  reduced  to  45  min- 
utes. The  opening  or  closing  of  each  gate  occupies  7  minutes,  and  the  rest  of  the  time 
is  required  for  filling  and  emptying  the  chambers. 

When  the  canal  is  clear  and  only  being  used  by  steamboats,  the  time  of  one  lockage 
will  give  the  means  of  computing  the  daily  capacity  of  the  locks ;  but  w^en  the  canal 
is  being  used  by  tows,  there  are  so  many  delays  entirely  beyond  the  control  of  the 
superintendent  that  no  computation  can  be  made. 

On  December  3  it  took  5  hours  and  45  minutes  to  pass  the  steamer  Sam  Brown  and 
16  boats,  carrying  about  10,700  tons  of  coal.  But  one  lock-chamber  was  used,  and, 
from  the  size  of  tne  boats,  6  lockages  were  necessary.  Not  more  than  3  hours  were 
consumed  in  moving  gates  and  filling  and  emptying  chambers,  so  that  2f  hours  were 
required  for  moving  the  boats  into  and  out  of  the  locks. 

Frequently  there  are  as  many  as  4  or  5  tows,  with  from  15  to  20  boats  each,  waiting 
to  pass  down  through  the  canal,  and,  at  the  same  time,  paseenger-boats  and  upward- 
bound  tows  are  pressing  their  claims.  Tows  cannot  pass  each  other  except  at  the  head 
or  the  foot  of  the  canal,  and  ordinarily  they  can  only  pass  steamboats  at  one  interme- 
diate point. 

From  the  above  it  will  be  seen  that  with  the  best  of  management  and  perfection  in 
the  movements  of  boats,  occasional  delays  are  unavoidable. 

But  the  movement  of  boats  is  far  from  perfection.  Large  tows  have  small  and  fre- 
quently a  very  inefficient  set  of  hands;  it  takes  them  a  long  time  to  arrange  their 
boats  And  move  through  the  canal,  and  often  after  reaching  the  locks  no  means  are 
provided  for  removing  the  boats  as  they  are  passed  through.  If  it  is  foggy,  or  if  there 
IS  much  wind,  coal-boats  cannot  be  moved,  and  must  be  held  in  the  basin  at  the  head 
of  the  locks.  It  thus  happens  that,  at  times,  hours  and  even  whole  nights  are  lost, 
when  it  is  very  important  that  the  boats  should  keep  moving,  clearing  the  way  for 
those  coming  behind  them. 

During  the  past  year  extra  forces  have  been  employed  whenever  a  pressure  of  work 
demanded  it,  and  the  lock-hands  have  been  on  hand  day  and  night,  ready  for  any  boat 
that  wished  to  pass  through  the  canal. 

SUSPENSION  OF  NAVIGATION  BY  HIGH  WATER,  ICE,  ETC. 

During  the  past  year  the  canal  has  been  in  a  navigable  condition  272  days  and  closed 
93  days,  the  latter  time  being  divided  as  follows : 

Closed  by  ice  35  days.  During  this  time  a  few  boats  passed,  but  navigation  was 
virtually  suspended. 

Closed  by  high  water  54  days.  During  this  time  boats  could  use  the  falls,  and  the 
canal  was  not  needed. 

Closed  for  repairs  and  dredging  4  days.  During  this  time  but  few  boats  wished  to 
pass  through. 

During  the  year  there  have  been  but  GS  days  when  there  was  less  than  5  feet  of  water 
in  the  canal,  and  but  23  days  when  there  was  less  than  4  feet. 

NUMBER,  DESIGNATION,  AND  MONTHLY  PAY  OF  EMPLOY]£s. 

The  following  employes  have  been  necessary  for  the  superintendence,  management, 
and  repair  of  the  canal  t^nd  accessories  during  the  past  year.  The  number  of  salaries 
are  the  same  as  during  tne  first  six  months'  management.  The  number  is  the  same  as 
employed  before  the  uovemment  assumed  charge,  and  the  salaries  are  the  same  with 
the  exception  of  that  of  assistant  superintendent,  which  formerly  was  $250  per  month. 

For  general  superintendence. 

One  superintendent,  per  month $250  00 

One  assistant  superiuteudeut,  per  mouth 150  OO 
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FvT  collection  of  tolls  and  clerical  work. 
One  toll-collector,  per  month $150  00 

For  manosuvering  gates,  turning  bridges,  fc. 

One  lock-master,  per  month $95  00 

One  assistant  looK-master,  per  month 70  00 

Twenty-two  lock-hands,  per  month,  each 50  00 

Two  lock-hands  and  divers,  per  month,  each 60  00 

One  watchman,  per  month 50  00 

One  hridge-tender,  per  month 30  00 

For  repaii's  of  boats,  gates,  machinery,  4'C, 

One  carpenter,  per  month $85  00 

One  assistant  carpenter,  per  month 60  00 

One  blacksmith,  per  month 80  00 

One  blacksmith's  striker,  per  month 30  00 

The  above  forces  work  day  and  night  without  extra  pay.  The  look-forcee  are  not 
worked  in  reliefs,  as  all  are  required  for  opening  and  closing  the  gates. 

When  the  locks  are  in  constant  operation  day  and  night  for  any  length  of  time,  a 
few  extra  men  are  employed  at  the  same  rates  as  the  regular  employ<S3. 

■ 

For  management  of  tow-boat. 

One  captain  and  pilot,  per  month $80  00 

One  engineer,  per  month 80  00 

Three  deck-hands  and  firemen,  each,  per  month 40  00 

One  watchman,  per  mouth , 40  00 

For  management  of  two  dredges  and  four  mud-scows. 

One  foreman  of  dredges,  per  month $80  00 

Two  engineers,  per  month,  each 80  00 

Two  dipper-tenders,  per  month,  each 50  00 

Six  deck-hands,  per  month,  each 40  00 

Two  firemen,  per  month,  each 40  00 

One  watchman,  per  month 40  OO 

The  steamboat  and  dredge  hands  work  during  daylight  and  Sundays,  if  required ; 
for  night-work  they  receive  proportional  extra  pay. 

The  monthly  cost  of  the  above  labor,  when  only  the  regular  force  is  employed  and 
there  is  no  night-work,  is  $3,330. 

During  the  past  year  the  cost  of  extra  labor  has  been  $545.57,  and  of  night- work 
$633.18. 

The  engineers  and  some  other  employes  on  the  steamboat  and  dredges  have  been 
performing  their  present  duties  for  a  long  time.  They  are  receiving  less  for  their  serv- 
ices than  IS  paid  for  the  same  class  of  work  elsewhere,  and  to  retain  them  a  small  in- 
crease may  be  necessary. 

The  superintendent,  assistant  superintendent,  and  collector  of  tolls,  in  addition  to 
their  usual  work,  performed  the  duties  of  assistant  engineer,  overseer,  and  clerk  on  the 
work  being  done  for  the  improvement  of  the  Falls  of  the  Ohio. 

RATES  OF  TOLL  AND  CHAKGES  FOR  DRY-DOCK. 

The  rates  of  toll  charged  during  the  past  year  have  been  as  follows : 

Steamboats,  10  cents  per  ton  registered  under-tonnage. 

Model  barges,  10  cents  per  ton  registered  under-tonnage. 

Coal-boats, fiats,  &c.,  8  cents  per  ton,  measured  capacity. 

Steamboats  of  less  than  50  tons  and  flats  of  less  than  63  tons,  $5. 

Rafts  of  logs,  &c.,  measurement  and  rates  the  same  as  for  coal-boats,  &,o. 

Boats  belonging  to  the  United  States,  free. 

Use  of  dry-dock,  $75  per  week. 

The  above  rates  on  steamboats  are  the  same  as  fixed  by  Congress  May  11,  1874;  the 
rates  on  coal-boats  were  increased  from  5  cents  to  8  cents  by  the  Secretary  of  War  last 
January,  in  order  to  make  the  rates  more  uniform.    This  small  increase,  which  has 
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hardly  been  felt,  has  increaaad  the  yearly  receipts  |16,297.96.  The  cnstom-hoase 
measurement  is  taken  for  all  beats  having  registers,  and  the  total  tonnage  of  such 
'boats  bein^  about  double  their  nnder-tonnage,  the  rate  is,  in  reality,  about  5  cents  per 
•ton,  carrying-capacity.  Coal-boats,  flat-boats,  &c.,  are  measured  and  their  under- 
tonnage  computed.  This  class  of  boats  will  carry  about  one  and  one-half  times  the 
amount  indicated  by  their  measured  under-tonnage,  so  that  the  i;^te  for  their  carrying- 
>capacity  is  about  the  same  as  for  steamboats  and  model  barges. 

•  Examples, 


Class. 


Steamer  Monntaineor 

•Steamer  Mary  Alice 

Hodel  barge  Mary 

Model  barge,  Mississippi  Transportation  Company,  No.  51 
Square  barge,  130  bj  34  by  7i 


Total  tonnage. 

TJnder-tonnage. 

or  carrying- 

or  tonnage 

capacity. 

charged  for. 

585.66 

35a  81 

559.56 

248.73 

706.60 

363.53 

1, 013. 30 

417. 16 

.480.00 

246.00 

At  the  present  rate,  the  tolls  will  amount  to  about  ^  cent  per  bushel  of  coal,  f  cent 
per  barrel  of  salt,  and  6  cents  per  ton  of  iron-ore. 

The  following  examples  will  show  the  great  reduction  in  tolls  under  the  Goyemment 
management : 


Class. 


'Steamboat... 

Do 

Model  barge . 
'Square  barge 
Prodace-boat 


l^ame. 


Thompson  Bean 
Thos.  Sherlock.. 

Rabtoon 

130  by  35  by  7... 
100  by  80  by  5... 


Under-ton- 
nage. 


996 
877 
390 
339 

ao5 


Charges  under 
old  manage- 
ment. 


1498  00 

438  00 

195  00 

65  00 

60  00 


Present 
charges. 


f99  60 

87  70 

39  00 

19  12 

8  40 


Under  the  former  management  a  distinction  was  made  between  loaded  and  empty 
barges ;  and  I  think  such  an  arrangement  of  tolls  would  be  more  satisfactory  than  the 
present  system  of  charging  a  uniform  rate. 


EXPENSES  OP  SUPERINTENDENCE,  MANAGEMENT,  AND    REPAIRS,  AND    RECEIPTS    FROM 
TOLUS,  AC,  DURING  THE  YEAR  ENDING  DECEMBER  31,  1875. 

The  total  expenditure  dnrins  the  past  year  has  been  $49,759.48.  Deducting  $3,192.61 
for  permanent  work  and  not  chargeable  to  yearly  expenses,  the  cost  of  operating  the 
canal  has  been  $46,566.87.  The  cost  of  the  same  work,  from  June  11, 1874,  to  Decem- 
ber 31, 1874,  was  $25,142.11,  or  at  the  rate  of  $44,986.25  per  year. 

The  receipts,  from  June  11,  1874,  to  December  31,  1874,  were  $20,395.53,  being 

,746.58  less  than  the  operating  expenses. 

The  receipts  during  the  past  year  have  been  $70,175.61,  being  $20,416.13  in  excess  of 
i;he  expenditures. 

The  following  table  will  show  the  comparative  monthly  receipts  and  expenditures 
for  the  past  year.  The  expenses  are  given  for  the  months  in  which  they  were  incurred, 
and  the  statement  will  therefore  not  exactly  agree  with  a  cash  statement  of  receipts 
and  disbursements. 


Month. 


January . . 
February . 
March..... 

April 

May 

June 

•July 

August . . . 
September 
October.... 
November 
December 


CoUections. 


|3, 015  S5 
2,092  40 
1, 525  76 

10, 277  44 

12,935  48 
7, 447  07 
2,864  06 
3,406  81 
3, 715  86 
3,289  32 
6.225  00 

11,380  26 


Expenses. 


$3,760 
3,527 
3,856 
4.045 
3,872 
4,172 
3,817 
3,985 
4,173 
3,782 
4,299 
6,464 


58 
68 
28 
84 
40 
83 
32 
80 
75 
09 
77 
94 


Deficit 


1745  33 
1,435  48 
2,330  52 

952  36 
578  99 
457  89 
492  77 

I 


Surplus. 


16,231  60 
9,063  08 
3,874  24 


3,925  93 
4,915  32 
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It  will  be  seen  from  this  exhibit  that  dnrin^  seven  months  of  the  year  the  expenses 
exceeded  the  receipts  86,993.34,  and  daring  five  months  the  receipts  were  in  excess  of 
the  expenses  $*^,409.47.    After  deducting  the  deficit  of  last  year,  a  balance  is  left  of 
$15,669.55. 

The  period  from  June  11, 1874,  to  December  31, 1874,  was  very  unfavorable  for  navi- 
gation, the  water  being  low  150  days  out  of  204.  On  the  other  hand,  the  present  year 
has  been  favorable,  there  being  but  23  days  when  there  was  4  feet  and  less,  and  bat  61 
days  when  boats  could  use  the  falls.  During  August,  September,  and  October  of  this 
year,  usually  low-water  months,  the  river  was  high  and  navigation  lively. 

The  principal  income  of  the  canal  is  from  boats  carrying  coal  from  Pittsburgh,  salt 
from  the  Kanawha,  and  iron-ore  from  Missouri  and  the  Tennessee  River. 

The  boat's  of  this  description  passing  through  the  canal  during  the  past  year  have 
been  as  follows : 

Coal-boats  carrying  about  7,866,650  bushels  of  coal. 

Barges  carrying  about  60,000  barrels  salt. 

Barges  carrying  about  79,177  tons  iron-ore. 

These  coal-boats  start  upon  a  rising  river,  and  generally  reach  Louisville  in  about  5  or 
6  days.  If  there  is  sufficient  water  they  pass  over  the  fails,  and  the  whole  income  from 
this  source  is  lost. 

During  last  August  most  of  the  coal-tows  passed  over  the  falls  safely,  but  during 
November  and  December  the  stage  of  the  river  necessitated  the  use  of  the  canal.  Had 
there  been  1  foot  more  water  all  the  canal-boats,  which  added  about  $5,500  to  the  yearly 
receipts,  would  have  passed  over  the  falls. 

These  facts,  as  well  as  the  following  comparisons  of  tonnage  through  the  canal  dur- 
ing the  latter  halves  of  the  years  1874  and  1875,  will  show  that  no  very  accurate  esti- 
mate of  receipts  can  be  made  until  the  business  of  several  years  can  be  compared. 


Tonnage. 

July. 

Augast. 

September. 

October. 

November. 

December . 

1874 

16,204 
29,036 

45,970 
35,950 

14.395 
36,587 

16,999 
30,824 

21,989 
39,061 

121, 278 

1875 

130, 074 

Judging  from  past  experience,  and  supposing  that  the  coming  year  will  he  an  aver- 
age of  the  two  past,  the  present  rate  of  tolls  will  secure  a  sufficient  income  for  the 
superintendence,  management,  and  ordinary  repairs,  and  will  give  a  small  surplus. 
But  as  gates,  boats,  &c.,  are  perishable,  every  few  years  a  larger  outlay  than  usual 
will  be  necessary,  and  the  expenses  of  the  past  year  cannot  be  taken  as  a  sample  for  all 
years  to  come.  The  necessary  work  projected  for  next  year  will  absorb  all  the  surplus 
now  on  hand,  all  that  may  be  gained  during  the  coming  year,  and  then  not  be  com- 
pleted. 

A  more  detailed  statement  of  receipts  is  annexed  to  this  report. 

The  great  number  of  boats,  and  the  amount  of  the  tonnage,  which,  it  must  be  re- 
membered, is  far  below  the  carrying-capacity,  will  show  how  greatly  commerce  has 
been  benefited  by  the  enlargement  of  the  canal. 

A  detailed  statement  of  the  expenses  is  also  appended.  These  expenses  are  divided 
between  lockage  department,  dredging  department,  and  permanent  improvements. 
The  item  of  repairs  in  both  departments  is  very  large,  and  this  expense  might  have 
been  reduced  had  sufficient  funds  been  available  12  or  18  months  ago  for  rebuilding 
worn-out  boats,  &c.,  rather  than  resorting  to  constant  patchwork. 

It  will  bo  seen  that  the  expense  of  removing  the  river-deposit  has  been  more  than 
one-third  of  the  operating  expenses  of  the  canal,  and  this  deposit  not  only  entails  the 
expense  of  removing  it,  but  adds  immensely  to  the  difficulties  of  opening  and  closing 
the  gates,  and  renders  necessary  the  large  force  employed  upon  the  locks. 

In  fact,  the  expenses  of  managing  this  canal  cannot  be  compared  with  the  expenses  of 
other  canals,  for  there  is  none  in  this  country,  or  in  the  world,  in  which  the  gates  are 
so  large  and  so  heavy,  and  where,  at  the  same  time,  a  single  freshet  will  almost  fill  the 
lock-chamber  with  sediment. 

■WORK  ACCeMPLISHED    DURING    PAST  YEAR    BY  EMPLOY<:S,  STEA^IBOAT,  DREDGES,  AC. 

In  addition  to  constant  repairs  to  boats,  gates,  bridges,  buildings,  tools,  &c.,  the  me- 
chanics have  built  and  made  one  carpenter-shop,  20  by  50,  and  shed,  15  by  50 ;  two 
watch-honses  for  old  locks ;  two  mud-scows.  22  by  50  by  6,  with  a  capacity  of  38  cubic 
yards  each ;  one  spud  and  one  dipper-handle  for  dredges ;  one  hoisting-chain  185  feet 
long,  and  one  turn-table  chain  for  dredges;  four  pinions  and  sheevesfor  dredges;  four 
gate-chains  for  new  locks,  total  length  464  feet ;  two  friction-rollers  for  well-holes  of 
new  locks. 
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The  lock-hands,  in  addition  to  grading  and  repairing  slopes  and  general  work  around 
buildings  and  grounds,  have  passed  through  the  locks  2,280  vessels,  requiring  1,401 
lockages.  They  have  opened  and  closed  the  gates  8,406  times,  and  merely  in  turning 
the  capstans  and  moving  from  one  gate  to  another  each  man  has  traveled  about  2,604.S 
miles,  or  an  average  of  7.14  miles  per  day. 

The  steamboat  and  dredges  have  worked  215  days  during  the  year,  and  have  removed 
90,488  cubic  yards  of  sediment.  The  tow-boat,  while  towing  out  the  scows,  has  run 
1,66.3.5  miles. 

The  office- work  has  been  as  follows : 

The  superintendent,  in  addition  to  his  regular  duties,  has  prepared  all  plans,  <&c.,  for 
gates,  boats,  shops,  &c. 

The  collector  of  tolls  has,  in  addition  to  his  regular  duties  of  collecting  and  depos- 
iting tolls,  performed  the  duties  of  clerk,  kept  the  records  of  the  office,  and  made  the 
various  reports  required. 

Daily  readings  of  gauges  have  been  taken  above  and  below  the  locks,  for  the  pur- 
pose of  comparing  the  relative  variation  in  the  water-level  above  and  below  the  falls. 
Records  have  been  kept  of  the  rise  and  fall  of  the  water  at  characteristic  points  of  the 
river,  in  order  to  determine  the  time  rises  in  the  upper  rivers  will  reach  Louisville, 
and  predict  what  stage  of  water  may  be  expected  in  the  canal. 

Samples  of  the  river- water  have  been  collected  daily  to  determine  the  amount  of 
sediment  it  contains. 

The  canal-water  and  the  emptyings  of  the  city  sewers  have  been  analyzed  to  deter- 
mine whether  any  injury  to  the  iron  and  wood  of  the  gates  and  to  the  walls  may  be 
expected  from  these  sources. 

In  addition  to  the  canal- work,  all  estimates  and  clerical  work  pertaining  to  the 
"  improvement  of  the  Falls  of  the  Ohio  "  have  been  attended  to  iu  this  office. 

WORK  PROJECTED  FOR  THE  COMING  YEAR,  WITH  ESTIMATE  OP  COST. 

The  foUowinff  necessary  work  should  be  done  during  the  coming  year,  or  at  least  so 
much  of  it  as  the  means  made  available  will  permit. 

Management  J  svperintendencef  ^o.,  of  canal. 

Pay-roll  of  employes §39,960  00 

Extra  pay  and  night-work 1,178  75 

Ordinary  repairs,  purchases,  &c 5,428  12 

Total 46,566  87 

Two  new  mud-scows $383  29 

Guard-gates  at  head  of  canal 8,000  00 

Guard-gates  at  new  locks 16,000  00 

Repairing  tow-boat 7,303  85 

Repairing  two  dredges 8,000  00 

Two  sets  of  gates  for  old  locks 6,000  00 

Applying  horse-power  at  new  locks 3,000  00 

Office  for  superintendent 800  00 

Cistern  and  additional  fire-apparatus 2,000  00 

Telegraph  between  head  and  foot  of  canal 500  00 

Survey  of  land  and  marking  boundaries 1,000  00 

Raising  masonry  around  gate-recesses  of  middle  gates  of  new  locks. ......  5, 000  00 

Repairing  miter-sills  of  old  locks 600  00 

Machinery,  lathe,  saw,  &c 1,000  00 

Total 60,087  14 

NECESSITIES  FOR  A  SURPLUS -FUND. 

The  preceding  recapitulation  of  work  shows  the  immediate  necessity  for  a  fund  with 
which  all  the  accessories  of  the  canal  can  be  placed  in  a  perfect  condition.  Some  of 
this  work  is  of  a  permanent  nature,  while  other  portions  will  again  require  attention 
in  a  few  years.  The  report  upon  the  condition  of  the  canal  shows  much  work,  such  as 
repairing,  coping,  and  miter-sills  of  new  locks,  adding  side-culverts  for  filling  cham- 
bers, new  wall  on  north  bank  of  canal,  completing  wall  on  the  south  bank,  rebuilding 
old  locks,  enlarging  dry-dock,  <&.c.,  which,  though  not  of  immediate  necessity,  must 
have  attention  in  the  future. 

An  increased  commerce  may  require  further  enlargements,  &o. 

If  all  such  work  is  to  be  paid  for  by  appropriation,  a  surplus-fund  which  will  insure 
the  payment  of  employes  during  dull  months  and  provide  for  accidents  is  sufficient^ 
but  if  the  canal  is  to  be  self-sustaining  a  large  fund  must  be  allowed  to  accumulate. 
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CONCLUSION  AND  RECOMMENDATIONS. 

Id  my  opinion  a  still  lonsrer  time  sbould  be  allowed  before  deciding  definitely  upon 
tbe  future  management.  The  present  condition  of  the  canal  requires  a  certain  system, 
but  when  the  work  recommended  is  carried  out,  the  condition  will  be  somewhat  changed, 
and  it  is  possible  that  in  the  future  the  management  can  be  simplified,  the  expenses 
reduced,  and  the  eflSciency  of  the  canal  still  preserved. 

I  would  respectfully  recommend  that  for  the  following  year  the  present  system  of 
superintendence  and  management  be  continued. 

I  would  also  recommend  that  the  present  rate  of  tolls  be  continued  with  the  follow- 
ing exceptions :  That  all  barges  and  flat-boats  passing  through  the  canal  loaded,  shall, 
when  returning  empty,  be  charged  but  5  cents  per  ton.  This  will  slightly  reduce  the 
receipts,  but  I  think  the  change  will  make  the  rates  more  just,  and  will  be  gladly  wel- 
comed by  the  boating  interests. 

I  would  respectfully  suggest  that  Congress  be  asked  for  a  loan  of  $50,000,  which,  with 
tbe  surplus  now  on  hand,  will  complete  the  much-needed  repairs  previously  referred  to. 

I  would  respectfully  suggest  that  the  question  of  Jurisdiction  at  the  head  of  the  canal 
be  investigated  and  a  legal  opinion  given  as  to  tne  rights  of  the  superintendent  in 
case  in  his  opinion 'the  occupancy  of  the  wharf  interferes  with  navigation  or  renders  it 
difficult  or  dangerous.  When  an  occasion  arises  requiring  action,  life  and  property 
may  be  at  stake  and  there  would  be  no  time  for  prolonged  legal  action. 

I  would  respectfully  suggest  that  the  surveyors  of  customs  measuring  and  remeasur- 
ing  vessels  liable  to  use  the  Louisville  and  Portland  Canal  be  again  requested  to  furnish 
the  result  of  said  measurement  to  the  collector  of  tolls.  Lists  of  boats  registered  in  the 
different  districts  have  frequently  been  asked  for,  and  but  few  have  been  received. 

I  would  respectfully  recommend  that,  if  possible,  the  time  for  reporting  upon  receipts 
and  expenditures,  fixed  by  section  3,  act  of  May  II,  1874,  be  so  changed  as  to  allow 
more  time  between  the  close  of  the  year  and  the  report.  The  first  Mondav  In  January 
was  evidently  selected  on  account  oi  its  being  the  day  npon  which  annual  meetings  of 
the  former  management  were  held.  But  these  meetings  were  held  in  Louisville  and 
all  required  information  could  easily  be  ]^repared  Ih  tne  time  allowed;  now  that  the 
reports  must  go  to  Washington,  the  time  is  not  sufficient. 

1  would  respectfully  suggest  that  some  action  be  taken  as  soon  as  ^ssible  upon  the 
rebuilding  of  the  old  locks  and  tbe  enlargement  of  the  dry-dock.  It  is  almost  a  waste 
of  money  to  patch  up  the  old  locks ;  but  if  no  action  is  taken,  certain  repairs  must  be 
made.  The  Question  of  enlarging  the  dry-dock  is  more  one  of  policy  than  of  engi- 
neering, but  the  advanti^es  to  the  boating  interests  are  so  evident,  that  I  have  no 
hesitation  in  recommending  it. 

I  would  respectfully  urge  the  necessity  of  action  upon  the  rnles  and  regulations  pro- 
posed in  thd  report  of  last  December,  and  again  appended  to  this  report.  If  adopted, 
instructions  should  be  given  as  to  how  they  are  to  be  enforced.  To  manage  the  canal 
properly,  and  deal  justly  with  the  various  parties  using  it,  requires  prompt  action  in 
case  of  disputes,  &c. ;  and  if  the  superintendent  is  to  be  held  responsible  ror  delays,  he 
must  have  the  power  to  enforce  his  orders,  and  must  be  able  to  exercise  this  power 
without  going  into  long  legal  proceedings. 

In  conclusion,  I  would  state  that  the  superintendent,  assistant  superintendent,  toll- 
collector,  and  all  other  employ^,  deserve  great  credit  for  the  faithful  and  fearless  man- 
ner in  which  they  have  performed  their  duties  during  the  past  year.  By  intelligence, 
energy,  ingenuity,  and  strict  attention  to  duty,  they  nave  overcome  many  difficulties, 
and  have  preserved  the  canal  in  a  high  state  of  efficiency. 

Dealing  justice  to  all  has  occasionally  brought  forth  complaints,  but  in  no  instance 
have  such  complaints  been  founded  on  facts. 

I  am,  very  respectfully,  your  obedient  servant, 

A.  Mackenzie, 
Captain  of  Engineers, 

Major  G.  Weitzel, 

Corps  of  Engineers,  U.  S.  A, 


RULKS  AND  regulations  FOR  THE  GOVERNMENT  OF  THE  LOUISVILLE  AND  PORTLAND 

CANAL,  AND  THOSE  USING  IT. 

I.  The  movement  of  all  boats  and  floating  things  in  the  canal  and  the  locks  shall 
be  under  the  direction  of  the  superintendent  or  his  anthorizeds  slstants. 

^  When  two  or  more  boats  or  tows  are  waiting  to  enter  the  canal,  either  from 
above  or  from  below,  the  superintendent  shall  have  authority  to  designate  the  time 
and  order  of  their  entering;  and  no  boats  or  tows  shall  enter  the  canal  withont  his 
authority. 

3.  No  boat  shall  tie  up  along  the  bank  of  the  canal,  or  in  any  way  obstruct  the  canal, 
or  delay  entering  or  leaving  the  locks  when  ordered  to  do  so  by  proper  authority. 
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4.  All  boats  meeting  in  the  canal  shall  pass  to  the  right;  and  when  the  passage  is 
too  narrow,  the  ascending  boat  shall  move  into  a  turn-oat  basin,  unless  the  descending 
boat  is  much  nearer  to  it. 

5.  Ordinarily  boats  and  tows,  arriving  first  at  the  locks,  shall  have  the  preference  in 
passing ;  but  in  all  cases,  boats  and  barges  belonging  to  the  United  States,  and  em- 
ployed upon  the  work,  shall  have  the  precedence  over  all  others ;  and  steam  or  passen- 
ger boats  shall  have  the  precedence  over  heavytows;  and  loaded  tows  shall  have  the 
precedence  over  empty  tows. 

6.  No  boat  shall  run  alongside  of  any  other  boat  so  as  to  wedge  in  the  canal,  nor 
shall  any  boat,  when  approaching  the  locks,  attempt  to  pass  another  boat  when  within 
800  feet  of  the  locks. 

7.  No  boat  shall  enter  the  canal  or  the  locks  whose  actual  draught  exceeds  the  depth 
of  the  water  in  the  canal,  as  shown  by  the  gauge  at  the  head. 

8.  All  boats  waiting  for  lockage  must  be  kept  in  the  basin  above  the  locks,  or  beyond 
the  breast-wall  below  the  locks,  and  not  in  any  way  obstruct  the  channel  until  their 
time  comes  for  entering  the  locks. 

9.  All  boats,  &c.,  arriving  at  the  locks  and  not  taking  advantage  of  the  first  oppor- 
tunity to  pass  shall  lose  their  turn. 

10.  Any  unnecessary  delay  in  the  locks  or  the  canal,  or  the  violation  of  any  lawful 
order  of  the  superintendent,  shall  be  construed  as  obstructing  the  free  navigation  of 
the  canal. 

11.  All  boats,  when  in  the  locks,  shall  fasten  their  bow  and  stem  lines  to  the  straps 
or  snubbing-posts  on  the  walls  or  banks  of  the  locks  until  the  chamber  is  filled  or 
emptied.  They  shaU  also  be  provided  with  fenders,  to  be  used  when  striking  any  part 
of  the  locks. 

12.  No  boat  shall  strike  any  bridge,  gate,  breast-wall,  stay-chain,  or  any  part  of  the 
locks  liable  to  be  injured. 

13.  AH  boats  using  the  canal  shall  be  free  from  projecting  irons  or  rough  surfaces 
that  would  be  liable  to  damage  the  walls  or  any  part  of  the  canal  or  locks. 

14.  The  under-tonnage  of  all  boats  shall  be  determined  by  the  custom-house  meas- 
nrement  if  registered,  and  if  not  registered,  by  the  measurement  of  the  collector  of 
tolls. 

15.  All  tolls  shall  be  paid  in  lawful  currency  of  the  United  States,  and  no  boat  shall 
be  allowed  to  leave  the  locks  nntil  the  toll  is  paid. 

16.  In  no  case  shall  the  tolls  collected  from  any  boat  be  less  than  the  actual  expenses 
of  operating  the  locks. 

17.  That  any  one  who  shall  willfully,  or  through  carelessness,  in  any  way  obstruct 
the  free  navigation  of  the  canal,  or  by  the  violation  of  any  of  the  laws  or  regulations 
governing  the  canal  and  those  nsing  it,  delay  or  inconvenience  any  boat  having  the 
right  to  nse  the  canal,  shall  be  responsible  for  all  damages  and  delays  and  for  all  ex- 
penses of  removing  the  obstructions. 

18.  No  .one  shall  trespass  upon  the  canal  property,  or  in  any  way  injure  the  canal, 
the  locks,  or  any  of  the  appendages. 

19.  No  one,  nnless  authorized  by  the  superintendent  or  the  lock-mast-er,  shall  open  or 
close  any  gate  or  wicket,  or  in  any  way  interfere  with  the  employ<Ss  in  the  discharge  of 
their  duties. 

20.  No  person  shall  throw  or  roll  any  stone  or  other  material  into  the  canal,  or  place 
any  such  material  on  any  bank  or  beriU'Of  the  canal  so  that  it  is  liable  to  be  thrown 
or  rolled  in. 

21.  All  boats  approaching  the  locks  shall  signal  for  the  same  by  four  distinct  whistles. 
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Statement  of  number  of  steamboats,  model  barges,  coal-boats,  4rc.,  passed  fhrough  the  Louis 
ville  and  Portland  Canal  during  year  ending  December  31, 1875,  and  receipts  from  tolls,  ^"C. 


Month. 


S 


I 

CO 


Janaary  . . 
Febmary  . 

March 

April 

May 

Jnne 

July 

Aafj^QSt.... 
September 
October . . . 
November 
December. 


Total 


19 
24 
10 
60 
86 
77 
33 
S8 
B4 
97 
.73 
57 


647 


1 

i 
1 

1 

1 

•3 

C 

m* 

1 

1^ 

s 

a 

CO 

18 

22 

70 

2 

7 

13 

22 

4 

7 

13 

28 

6 

44 

94 

203 

10 

51 

129 

214 

4 

33 

78 

74 

6 

14 

25 

31 

1 

23 

34 

62 

1 

17 

34 

49 

7 

11 

S6 

36 

20 

33 

78 

212 

.,25 

24 

47 

269 

•  4 

281 

593 

1,270 

90 

Tonnage. 


42, 9491 

21. 256] 

15, 509} 

111,  562* 

140,  307| 

74,  578 

29,036 

35,  950 

36,587 

30,824 

89,061 

130, 074 

757, 695* 


Receipt*  from  tolls $68,664  75 

Receipts  from  dry  dock 599  21: 

Receipts  from  rents 561  65 

Receipts  from  towage 350  00 


Total 


70, 175  61 


Note.— Rate  of  toll  on  model  and  square  barges  was  changed  from  5  cents  per  ton  to  10  cents  and  8 
cents,  respectlyely,  January  25, 1875.  Steamboats  and  model  barges  less  than  50  tons,  and  square  barges 
less  than  63  tons,  are  charged  |5  for  lockage. 

Statement  of  expenses  of  superintendence,  management,  repair,  and  improvement  of  the  Louis- 
mile  and  Portland  Canal  and  its  accessories  for  the  year  ending  December  31, 1875. 


Months. 


January . . . 
February  ., 
March . . . . . 

April 

May 

June 

July 

August 

September . 

October 

November , 
December  . 


Total 


Lockage  department. 


* 

i 


$2.  310 
2,310 
2,350 
2,315 
2,310 
2,310 
2,310 
2,310 
2,310 
2,321 
2,605 


00 
00 
00 
32 
00 
00 
00 
00 
00 
67 
75 


2,502  83 


28,265  57 


•a 


11.15  36 
108  05 

62  13 
98  97 
73  31 

63  83 
77  34 

«119  64 
82  00 
90  29 

217  90 
98  52 


1,227  34 


i 

o 
H 


$2,445 
2,418 
2,412 
2,414 
2,383 
2,373 
2,387 
2,429 
2,392 
2,411 
2,823 
2,601 


36 
05 
13 
29 
31 
83 
34 
64 
00 
96 
65 
35 


29,  492  91 


Dredge  department. 


I 


$1. 045  00 
1,020  00 
1,020  00 
1,082  67 
1, 020  00 
1,020  00 
1,020  00 
1,202  00 
1, 383  51 
1,020  00 
1.020  00 
1,020  00 


12,873  18 


« 

•30 


$270  22 
89  83 
399  35 
459  53 
330  16 
231  20 

341  08 
274  41 
317  23 

342  48 
391  82 
753  47 


4,200  78 


"8 


II,  315  22 
1, 109  83 
1,419  35 
1,542  20 
1, 350  16 
1,251  20 

1.361  08 
1,  476  41 
1, 700  74 

1. 362  48 
1,411  82 
1, 773  47 


«5 

•*» 

a 
o 

B 

a 


$24  80 

89  35 

138  93 

547  80 

68  90 

79  75 

81  01 

7  65 

64  30 

2,090  12 


17, 073  96  3, 192  61 


2 

a 
9 


o 


$3, 760  58 
.3,  527  88 
3, 856  28 
4,  045  84 
3,  872  40 

4.172  83 
3, 817  32 
3, 985  80 

4. 173  75 
3,  782  09 
4,299  77 
6. 464  94 


49, 759  48 


Note.— The  expenses  in  the  above  table  are  charged  to  the  months  in  which  they  were  incurred,  and 
consequently  will  not  agree  with  the  flnsncial  statement.  Under  the  head  of  improvements  are  classed 
such  repairs  and  improvements  as  are  of  a  permanent  character,  if  not  properly  chargeable  to  annual 
operating  expenses. 


I 
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Accotink  Creek,  Va.,  improvement  of 

Ahnepee  Harbor,  Wis.,  improvement  of 

Alabama  Ki ve r,  mirvey  of. 

Allegheny  River  below  Freeport  and  near  PittHbargh,  survey  of 

Altiea  River  and  Bar,  Oretr.,  Mnrvey  of 

Apalachicoln  River,  Fla.,  improvement  of 

Appomattox  River,  Va.,  improvement  of 

Aqaednct  Bridge,  Potomac  River,  Georgetown,  D.  C 

Aqoia  Creek,  Va.,  improvement  of .' 

Arkanoaa,  MlHMuri,  and  MiKnitfiiippl  Rivers,  oporatlons  of  snag-boats  on 

Anibtabala  Harbor,  Ohio,  improvement  of 

An  Sable  River  Harbor.  Mich.,  imprnvenient  of 

Au  Sable  River,  Mich.,  breakwater  off  mouth  of,  examinutiou  for 


B. 

Baltimore  Haibor,  Md.,  improvement  of 

Battalfou  of  Engineers 

Bay  of  Superior,  improvement  of  natural  entrance  to  .. 

Belfast  Bay  and  Harbor,  Me.,  survey  of 

Big  Sodus  Harbor,   N.  Y. ,  improvement  of 

Big  Sandy  Creek  .M.  Y.,  survey  of 

Black  Lake  Harbor,  Mich.,  improvement  of 

Blaik  River  Harbor,  Ohio,  Improvement  of 

Black  Warrior  River,  Ala.,  improvement  of 

Block  Island,  R.  I.,  construction  of  harbor  at 

Boards  of  Engineers  for  fortifications 

Bolivar  Channel,  Galveston  Bay 

Boston  Harbor,  Mass. ,  improvement  of 

Broadkiln  River,  Del.,  improvement  of 

Bridge  across  the  Saint  Croix  River  at  Stillwater,  Minn 
Bridge  across  the  harbor  at  Saint  JoHeph,  Mich  ........ 

Bridge  across  the  Mississippi  River  at  Dubuque,  Iowa.. 

Bridge  across  the  Ohio  River  at  Cincinnati 

Bridgi  ng  navigable  waters  of  the  United  States 

Bridgeport  Harbor,  Conn.,  improvement  of 

Brunswick,  Ga.,  report  on  improvement  of  harbor  at... 

Buffalo  Harbor.  N.  Y.,  improvement  of 

Bulk -head  Rock.  Providence  River,  R  I.,  removal  of... 

Burlington,  Iowa,  survey  of  harbor  at 

Burlington  Harbor,  Vt.,  improvement  of 


C. 


Calumet  Harbor,  III.,  improvement  of 

Cambridfre  Harbor.  Md. ,  improvement  of 

Camden  Harbor,  Me. ,  improvemeni  of , 

Canal,  Lake  Michigan  to  Wabaah  Kiver,  Ind.,  survey  for , 

Canal,  (ship,)  MisHlstdppi  River  and  Gulf  of  Mexico , 

Canal  to  connect  Neuse  and  Cape  Fear  Rivers,  N.  C,  survey  of , 

Canal  at  the  Cascades  and  Dalles  of  Columbia  River,  survey  for 

Canal  to  connect  Shoal- Water  Bay  and  Columbia  River,  Oreg.,  survey  for. 

Cape  Fear  River,  N.  C,  improvement  of  entrance 

Cabokla  Chute,  MIssisHlppi  River,  opposite  Saint  Louis,  closing  of 

Catawba  River,  North  Carolina  and  South  Carolina,  examination  of 

Cedar  Keys  Harbor,  Fla.,  Improvement  of 

Channel  between  Staten  Island  and  New  Jersey,  improvement  of 

Charleston  Harbor,  S.  C^  Improvement  of  ship-channel  in '. , 

Charlevoix  Harbor,  Mich. ,  report  on  improvement  of 

Charlotte  Harbor,  N.  Y.,  improvement  of , 

Chattahoochee  River,  Georgia  and  Florida,  improvement  of 

Cheboygan  Harbor,  Mich.,  improvement  of 

Chesapeake  and  Ohio  Canal,  survey  for  extension  of 

Chester  Harbor,  Pa.,  Ice-harbor  at 

Chester  River,  Md.,  Improvement  of,  at  Kent  Island  Narrows 

Chicago  Harbor,  III.,  improvement  of 

Chippewa  River,  Wis.,  survey  of 

Ohoctawhatchie  River,  Florida  and  Alabama,  improvement  of 

Cincinnati  Southern  Railroad  bridge 

Cleveland  Harbor,  Ohio,  improvement  of 


66, 346 

95 

74,496 

9<) 

116 

72.  494 

65,306 

66,331 

67, 348 

79,618 

lOH 

104 

106 


63,284 

32 

93 

48,  190 

111 

112 

102 

107 

73,496 

50,209 

30 

76.585 

43, 167 

61, 276 

92 

92 

92 

92 

92 

52,227 

71,  486 

109 

49,207 

84,  691 

57,258 


99 
63. 2rtJ^ 
40,156 

99 
74.  508 
e9,  376 


116 
65, 308 
81,  642 
69,367 
71,492 
56,250 
69. 430 

103 

110 
73, 494 

104 

90 

59.271 

62,283 

98 

85, 707 

72,493 

92 

106 


346 


147 
644 


562 
5:U 
550 


319 


588 
603 
500 
556 


313 
316 
308 

299 
298 


568 


438 


454 


639. 666 
644,  672 


522 
582 


529 

58 


4S6 


299 

556 


INDEX. 


Clinch  River,  Virginia  And  Tennessee,  examinRtion  of 

Clinton  River,  Mich. ,  examination  of 

Cochoco  River.  N.  H.,  improvement  of 

CohiiD»ey  Creek,  N.  J.,  improvement  of 

Columbia  River,  Lower,  Ore g. ,  improvement  of 

Columbia  River.  Upper,  and  Snake  River,  Oreg.,  improvement  of , 

Columbia  River,  Oreg..  survey  for  canal  at  Cancades  and  Dalles 

Conneaut  Harbor,  Oblo,  improvement  of 

Connecticut  River,  above  Hartford,  Conn.,  Improvement  of 

Connecticut  River,  below  Hartford,  Conn.,  improvement  of 

Cootiawattee  River.  Ga.,  improvement  of 

Crigfleld  Harbor,  Md.,  improvement  of 

Cumberland  River,  Tenu.,  improvement  of 

Cumberland  .Sound,  Ga.,  examination  of  channel  of  entrance  to 

Cumberland  Sound  and  Saint  SimonV  Sound,  in»ide  puusago,  deepening  of. . 
Cypre8M  Bayou,  Tex.,  improvement  of 


D. 


Defenaes.  pea-coRRt  and  lake-frontier 

Delaware  Breakwater  Ilitrhor 

Delaware  River,  at  Fort  Mitnin  Bar.  Improvement  of 

Delaware  River,  below  PetiyV  Wand,  improvement  of 

Delaware  River,  between  Trenton  and  Whitehill,  N.  J.,  improvement  of. 

Detroit  River,  Mich.,  improvement  of 

Dea  Moines  Rapidn,  Mi>ii<it«Hippi  River,  improvement  of 

Dredging-Hteamer  Henry  Burden 

Dubnqne,  Iowa,  examination  of  harbor  at 

Dubuque  and  Dunlfith  ponton-bridge 

Du  Luih  Harbor,  Minn.,  iuiproveraeut  of 

Dunkirk  Uurbor.  N.  Y.,  iuiproveuient  of 


E. 


Eagle  Harbor.  Midi.,  improvement  of 

Eaut  CheHter  Creek,  N.  Y.,  Improvement  of 

Eajit  River.  N.  Y..  removal  of  obstructions  from 

Eat«tem  Branch  of  Potomac  River,  examination  of 

Echo  Harbor.  New  Rochelle,  N.  Y.,  survey  of 

Edenton  Harbor,  N.  C,  examination  of 

Elizabeth  River,  Va.,  improvement  of  South  Branch  of.. 

Elk  River,  Md..  improvement  of 

Elk  River,  W.  Va.,  survey  of 

Emory  River,  Tenn.,  examination  of,  above  its  mouth. .. 

Engineer- depots 

Erie  Harbor,  Pa.,  Improvement  of 

European  surveys,  notes  on 

Explorations,  geological,  &.C.'.  40th  parallel 

Explorations,  geographical,  &c.,  west  of  100th  meridian . 

Explorations  and  reconnaissances 

Explorations  and  surveys  in  the  Division  of  the  Missouri. 

Explorations  and  surveys  in  Department  of  Dakota 

Explorations  and  surveys  in  Department  of  the  Platte... 
Explorations  and  surveys  in  Department  of  the  Missouri 

Explorations  and  Piirveys  in  Division  of  the  Pacific 

Explorations  and  reconuais.sunces.  estimates  for 


P. 

Fairport  Harbor  [Grand River]  Ohio,  improvement  of.. 

Fall  River  Harbor,  Mass.,  improvement  of 

Falls  of  Saint  Anthony,  Minn.,  preservation  of 

Fulls  of  the  Ohio  River,  improvement  of  navigation  at 
Feather  and  Sacramento  Rivers,  Cal.,  improvement  of. 

Flint  River,  Georgia  and  Florida,  improvement  of 

Frankfort  Harbor,  Mich.,  improvement  of 

French  Broad  River,  N.  C.  examination  of 

Fortieth  parallel,  geological  exploration  of 

Fortifications 

Fort  Madison,  Iowa,  survey  of  harbor  at 

Fort  Mifflin  Bar.  Delaware  River,  improvement  of  .... 

Fox  and  Wisconsin  Rivers,  improvement  of 

Fox  and  Wisconsin  Rivers  improvement,  report  on.... 
Fox  River,  improvement  of 


G. 

Galveston  Harbor  Tex.,  improvement  of  entrance  to 75,564,581 

Gulvestou  Bay,  ship-rhanuel  between  San  Jacinto  River  and  Bolivar  Chan- 
nel, improvement  of 

Ganging  «f  rivers,  rex|^tance  of  pords  and  floats  in 

Geologicul  exploratinn  4i>th  parallel 
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87,741,745 

106 

41,  162 

549 

61,277 

114 
115 

632.646 

1    637, 662 

639,  666 

563 

1  

108 
51,213 
.V),  212 
87.714 
64,290 
Hfi,7l3 
71,  446 
7!.  45*4 

........ 

....       '         -  - 



7c»  5;^9 

... ...... 

4 

61.278 
60.274 
fi<»,274 
60,275 

ia5 

83, 657 

444 

84,  695 

92 

93 

109 

94 
.56. 249 



542 

I 

308 

317 
566 

323 

-"••*•• 

54,2:w  1 

68,355 

57,263 

68,358 

67,351 

««a9«sAa^«l._ .               ^ 

62, 2r2 

91 

87,745 

166 

- 

32 

109 
117 

563 

"  126 

119  ! 

217 

12ti 

219 

122 
122 

* 



564 

565 

1 
123 

569,699 
7t»4 

123  1 

124 

718 

124  1 

....a..... 

750 

125 

1 

108  . 
49  20t>  ; 
H4. 698 

561 

87,747  , 

114 
73,494 

100  ' 
87,718  1 

618 

«-. 

464 

119  < 

217 

6  : 

84  688 

60,274 
98 
92 

98; 

J 

1 

75, 564. 581 

76.  585  ' 
51,213  , 
119 

396 
189 
412 

1 

"si? 
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Geographical  exploratlonfi  and  Hnrveya  west  of  100th  meridian 
Georgetown  and  Waohiugton  Llarboni,  D.  C,  improvement  of. 

Gloucester  Harbor,  Mann.,  improvement  of 

Grand  Haven  Harbor,  Mich.,  improvement  of.. 

Grand  River  [Fairport]  Harbor.jOhio,  improvement  of 

Great  Sodnn  liarbor,  N.  Y.,  improvement  of 

Great  Kanawha  Kiver.  W.  Va.,  improvement  of 

Green  Buy  Harbor,  Wi^.,  improvement  of 


H. 


Hell-Gate,  N.  Y.,  improvement  of  navigation  at 

Hou8atonic  River,  Conn.,  improvement  of 

Hudxon  River,  N.  Y.,  improvement  of 

Hudson  River,  opposite  Jersey  City,  dredging  In. 

Huron  Harbor.  Olilo,  improvement  of 

Hyannis  Hitrbor,  Mann.,  improvement  of 

Hydrtinlic  gateti  and  movable  dam8 


I. 


Illinoig  River,  improvement  of 

lui^ide  paytiage  between  Fernandinu  and  Saint  Johu'd  River,  Fla.,  improve- 
ment of 

Intttrnments  received  and  iMsned 

Ip8wich  River  and  Harbor,  Mauii.,  survey  of 


J. 


Jamm  Rivnr.  Vn..  improvement  of  . 
Jerjiey  City,  dredging  in  vicinity  of. 


Kanawha  Rivor,  Great,  improvement  of  .... 

Kennebec  River,  Me.,  improvement  of 

Kennebunlc  River,  Me.,  improvement  of  .... 

KenoKha  Harbor,  Wig.,  improveineut  of 

Kent  I(tIuDd  Nurrowu,  Md.,  improvement  of 

L. 


Lalce-harborH  and  ri vem 

Lake  Michigan  and  WabaKh  Canal,  survey  for , 

Laleeri,  northern  and  northwe^teru,  survey  of 

Laws  of  firgt  HeMion  Forty-fourth  Congress  affecting  Corpa  of  Cngineen... 

Lewen.  Del.,  contstruction  of  pierH  at 

Little  NarrngHUiiett  Bay,  Rhode  Inland  and  Connecticut,  survey  of 

Little  SoduM  Harbor,  N.  Y.,  improvement  of , 

Little  TenneHxee  River,  examination  of 

Linet)  of  cemmunication  between  Southern  Colorado  and  Northern  New 

Mexico , 

LouiHa  Forlc  of  Sandy  River,  examination  of 

LouJMville  and  Portliind  Canal,  Knperiutendence  and  management  of 

Ludingtun  Harbor,  Mich.,  improveuu^nt  of 


M.  I 

McCargoe'rt  Cov*>,  Inle  Royale,  Lako  Superior,  examination  of | 

Machia.H  River,  Me.,  improvement  of 

Maniittee  Harbor,  Mich. ,  improvement  of 

Manitowoc  Harbor,  Wis  ,  Improvement  of 

MapN  of  campaiguti  and  battle-fleldn ' 

Mapff,  military,  geographical,  and  lake  Hurvey 

3Iapii  published  during  the  flijcal  year 

Marcus  Hook  Harbor,  Pa.,  improvement  of 

Marquette  Harbor.  Mich.,  improvement  of 

Matinicug  I.tland  Harbor.  Me.,  uurvey  of 

Meeker'ii  Island,  Minn.,  lock  and  dam  at 

Menomouee  Harbor,  Michigan  and  Wiscouiiiu,  improvement  of | 

Merrimac  River,  Maxg.,  improvement  of 

Michigan  City  Harbor,  Ind.,  improvement  of ' 

Milford  Harbor,  Conn.,  improvement  of 

Milwaukee  Harbor,  Wis.,  Improvement  of ' 

Minnesota  Rl  ver,  improvement  of 

Mi8Ml.'«slppi,  Missouri,  and  Arkansas  Rivers,  operations  of  snng-boats  on 

Mississippi  River,  between  mouths  of  the  Illinois  and  Ohio  Rivers,  improve- 
ment of 


64,2P0 

55, 

243 

91 

40. 

158 

41, 

HU 

97 

62. 

a-3 

Page. 


Part  II.    Part  III 


120 

66. 343 

42, 166 

101 

108 

111 

91 

95 


Harbor  of  Refuge,  Lake  Huron !  10.5 

Harbor  of  Refuge,  Sturgeon  Bay  Canal,  Wis I  95 

Harlem  River,  near  East  River, 'N.  Y.,  improvement  and  survey  of •  55, 244, 246 


54. 238 
52,226 
5^1, 235 
55,243 
107 
48,203 
89 


83,674  I 
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